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INTRODUCTION

This design concept report (DCR) has been prepared for the Flood Control District of Maricopa
County (District) under contract FCD 94-06 by Stanley Consultants Inc. (SCI). Stanley Consultants
is the prime consultant for this project responsible for data collection, survey, hydrology, existing and
future condition floodplain hydraulics, development of alternatives, overall coordination, reports and
deliverables. Stanley Consultants has enlisted the help of sub-consultant Wood/Patel Associates to

address hydraulics and sediment transport/scour analysis of proposed alternatives.

The Bullard Wash Outfall Feasibility Study evaluates preliminary alternatives to alleviate the flooding
problems near the downstream end of Bullard Wash. Bullard Wash is approximately 8 miles long
and originates just south of Luke Air Force Base near Bethany Home Road. The wash continues
south between Estrella Parkway (formerly Reems Road) and Bullard Avenue. The outfall of Bullard
Wash has been encroached upon and in some locations almost completely obliterated over the years.
The Bullard Wash channel ends near the Maricopa County Highway Route 85 (MC85) - Estrella
Parkway intersection with only a minor roadside ditch to convey low flows to the Gila River. Due
to various encroachments and the elimination of a positive outfall, the area is subject to substantial
flooding as documented in the White Tanks/Agua Fria Area Drainage Master Study (ADMS)
prepared by The WLB Group and submitted to the District in October 1992. This study investigates
alternatives to re-establish the Bullard Wash outfall to the Gila River.

The study area lies entirely within the incorporated limits of the City of Goodyear between Sarival
Road on the west, Bullard Avenue on the East, Yuma Road on the north and the Gila River on the
south. The Bullard Wash Floodplain upstream from Yuma Road is relatively free from

encroachment, diversions and obstruction and was, therefore, not included in this study.

There are major transportation facilities located within the study area involving the jurisdictions of
the Maricopa County Department of Transportation (MC 85), the City of Phoenix (Phoenix-
Goodyear Municipal Airport), the Southern Pacific Transportation Company (Southern Pacific
Railroad) as well as the local roadways within the City of Goodyear right-of-way. The study area
also includes jurisdictions of the Buckeye Irrigation District and the Roosevelt Irrigation District.

There are also numerous major utilities within the study area. Figures 1 and 2 on the following
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pages indicate the location and vicinity of this project. This report serves as the final Recommended

Alternative submittal according to the contracted Scope of Work dated April 11, 1994.

Associated with this report is Volume 2 - Technical Data Notebook (TDN). The TDN incorporates
a variety of information and serves as reference for this report. The TDN contains names of contact
persons and their phone numbers, correspondence records, meeting minutes, contract documents,
mapping and survey data, technical data supporting the HEC-1 and HEC-2 models, existing
condition hydraulics for structures and the Buckeye Irrigation District Canal, technical data
submitted in previous reports, full size exhibits, and diskettes containing all mapping, survey

information and drawing files.

Several other reports related to the project are on file with the District. The District has conducted
or contracted a Phase I Environmental Site Assessment, an Archeological Inventory and a
Vegetation Survey. These reports are under separate cover and are listed on the reference page at

the end of this report.
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PURPOSE AND SCOPE

The purpose of this design concept report is to analyze the existing drainage conditions and identify
potential improvement alternatives to reduce or eliminate the flooding problems in the study area.
This is the final report in a series of reports which have developed, analyzed and selected a

recommended alternative.

The Bullard Wash channel essentially ends near the MC85 - Estrella Parkway intersection forcing
the wash flows to spread out and sheet flow across the adjacent and downstream agricultural fields.
The White Tanks/Agua Fria ADMS identified the study area as being subject to considerable flood
hazards including the potential flooding of the MC85 - Estrella Parkway intersection, the Buckeye
Irrigation District (BID) canal, and the City of Goodyear Wastewater Treatment Facility. The
ADMS HEC-1 hydrology model and HEC-2 backwater model have been provided to SCI for use

in evaluating the feasibility and design of proposed improvements.

This final report contains a partial accumulation of information which evolved from previous SCI
submittals. The technical analysis for this report was generally conducted on a conceptual level.
Considerations for such things as utility conflicts, land ownership, rights-of-entry, cost estimates,
existing right-of-way, existing irrigation facilities and the feasibility of alignment locations have been
incorporated into the evaluation of each chosen alternative and selection of a recommended

alternative.

The following sections contain information related to the existing conditions, the ADMS hydrologic
and hydraulic review, the evaluation of each chosen alternative, relative cost comparisons of the

alternatives, the conclusion, and selection of a recommended alternative.

EXISTING STUDY AREA AND DRAINAGE CONDITIONS

This section is divided into subsections corresponding to specific reaches of the wash and other major
considerations of the study. For more information regarding the Bullard Wash contributing area,
hydrology, and hydraulics, refer to the next section titled Existing Hydrology and Hydraulics. Refer
to Exhibit 4 on page 35 for the limits of the four segments into which this study has been divided.
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Bullard Wash Segment 1

The ADMS delineation of Bullard Wash upstream of the Phoenix-Goodyear Municipal Airport
indicates relatively contained flow within an existing 100-year floodplain approximately 1000 feet
wide. The existing ADMS 100-year peak flow rate is approximately 4900 cfs. The revised 100-year
peak flow rate with proposed upstream flood control projects is approximately 3200 cfs. The wash
crosses Yuma Road via a low flow single 36" diameter culvert in combination with a dip crossing.
Approximately 1/2 mile south of Yuma Road, the wash crosses an improved but unused roadway
called Lower Buckeye Parkway. The crossing consists of a low flow double 54" diameter culvert in
combination with a dip crossing. As Bullard Wash enters the airport property, it is forced to make
several severe turns due to the encroachment of the existing airport runway. Near the end of
Segment 1, the wash experiences divided flow at a low flow turnout used for irrigation purposes.
Agricultural fields are located to the west of the wash and the airport runway is located to the east.
Future plans of the airport include constructing a new utility runway located parallel to and 1000 feet
to the north of the existing runway. The future airport plans include improvements which would
further encroach into the Bullard Wash floodplain. The Airport Layout Plan, included in the
Technical Data Notebook, is part of the July 1986 Airport Master Plan received from the City of
Phoenix by SCI in December 1994. The existing Bullard Wash slope within Segment 1 is
approximately 0.0012 ft/ft.

Bullard Wash Segment 2

As mentioned previously, Bullard Wash experiences divided flow at the downstream end of Segment
1. The low flow channel, which splits off to the west, typically conveys irrigation tailwater straight
south to the Southern Pacific Railroad. It then makes two 90 degree turns and crosses under the
railroad and MCB85. The low flow channel continues south a short distance where it rejoins the main
Bullard Wash channel. IMSALCO, an aluminum recycling facility, is located to the west of the low
flow channel adjacent to the airport property. Between the low flow channel and the main channel
is vacant open space within the airport. The low flow channel in Segment 2 has an existing slope

that ranges from appr(-)ximately 0.003 ft/ft to 0.02 ft/ft based on SCI supplemental survey.

Downstream from the main channel/low flow channel split, the main channel is higher than the low
flow channel by approximately 1 to 4 feet. The main channel carries the majority of storm flows.

Downstream of the flow split, the main channel makes an "S" curve with four approximately 90
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degree bends to meander around the end of the airport runway and through the existing railroad and
MCS8S crossings. Upstream from the railroad and MC85, the wash is wide and shallow. It narrows
to pass through the railroad and MC85 bridges. Immediately upstream of the railroad crossing, the
main Bullard Wash channel is combined with two local tributaries from the east and north. The
tributary from the north is an airi)ort runway drainage channel. Flows typically occur in thié channel
during rainfall events only. The tributary from the east has been called the East deal Tributary and
drains fields adjacent to and north of the airport, locél airport drainage, énd effluent from the Loral
industrial plant adjacent to the southeast side of the airport. The East Local Tributary experiences
continuous flow from both the agricultural fields and Loral. The estimated 100-year peak discharge
from both of these local tributaries is approximately 850 cfs. Downstream of MC85, the main
channel enters an existing irrigation sump. This sump is maintained by the land owner and is used
to store tailwater for irrigation. The sump has a single 36" diameter low flow pipe combined with
an overflow weir outlet at its west end to convey excess flows west towards the confluence with the
low flow channel. The main channel has an existing slope of approximately 0.0034 ft/ft upstream of

the irrigation sump.

Significant sediment deposition has taken place upstream of the railroad and MC85 bridge structures.
The sediment deposition most likely occurs from the alteration of the flow path resulting in a flatter
slope and corresponding lower flow velocities. The existing crossings of the railroad and MC85 do
not provide the capacity to pass the 100-year peak discharge. The structures appear to be
approximately 70 percent filled with sediment. As the structures have become filled with sediment,
flow is restricted further and the amount of flow potentially overtopping the railroad and MC85 has
increased. Existing condition HEC-1 and HEC-2 models in Appendices B and C indicate that the
100-year discharge will overtop both the railroad and MC8S5 for a length of approximately 1500 feet.
Along with the increased potential of overtopping the railroad and MC835, the sediment deposition
problem results in significant efforts from the airport, the railroad and the private land owners to

maintain and clear out the channels.

Bullard Wash Segment 3
Segment 3, as defined for this report, begins downstream of the low flow and main channel
confluence south of MCR85. The channel continues west from the confluence for about 1500 feet

then essentially ends. A portion of the flow will pass to the south after being impounded by a
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concrete retaining wall or hydraulic check structure on the east side of Estrella Parkway. The wall
has a trapezoidal notch on the south end which directs flow south along Estrella Parkway in a
roadside ditch. This ditch has very little capacity when compared to the 100-year peak discharge and,
therefore, causes Estrella Parkway to be frequently flooded and often closed. Estrella Parkway is
actually depressed with respect to the adjacent agricultural fields and acts as a channel by conveying
flows south to the BID canal. This is significant because Estrella Parkway is one of two major access
routes to the existing Estrella Ranch residential community south of the Gila River. The majority
of the 100-year flow sheets across Estrella Parkway and continues southwest towards the City of
Goodyear Wastewater Treatment Facility. There are no major defined flow paths for the flows

which reach the Estrella Parkway - MC85 intersection.

Historically, peak flows that reach the BID canal have breached the north bank and were conveyed
west down the canal until the capacity of the canal was exceeded and the flows broke out over the
south canal bank and into the Gila River. The only existing crossing of the BID canal is provided
by a single 42" diameter corrugated metal overchute pipe hung underneath the existing Estrella
Parkway bridge to convey irrigation tailwater and minor Bullard Wash flows arriving from the
roadside ditch along the east side of Estrella Parkway. Runoff which exceeds the overchute pipe’s
capacity flows directly into the canal damaging the north bank and maintenance road and depositing

silt and debris in the canal.

The land use in Segment 3 is primarily agricultural with several residential parcels and the City of
Goodyear Wastewater Treatment Facility located west of Estrella Parkway and just north of the BID

canal. Extensive irrigation facilities exist throughout Segment 3.

Bullard Wash Segment 4

South of the BID canal, the Bullard Wash flows enter the Gila River. The existing land use is
natural river floodplains of the Gila River. There are both Gila River floodplain and Corps 404
Waters of the U.S. Jurisdictional limits south of the BID canal. The Buckeye Water Conservation
District owns the parcel directly south of the BID canal and north of the Gila River on both sides
of Estrella Parkway. The only major structure in this area is the Estrella Parkw;ay bridge. A spur
dike is located approximately 1300 feet south of the BID canal and prevents Gila River flows from

impacting the north bridge approach and abutment.

gsb/tlb:SEP053.60/12278.rpt 8 STANLEY CONSULTANTS, INC.




Southern Pacific Railroad and MC85 Crossings

Bullard Wash crosses both the railroad and MC8S5 in two places and also overtops both during the
100-year event. The railroad has one major bridge located on the main Bullard Wash channel and
a smaller bridge located on the low flow channel. Both bridges are wood trestles originally
constructed in 1926. The major bridge has been improved by replacing two of the original piers with
steel beams. As mentioned previously, the structures are continuously filled with sediment and
require extensive maintenance to keep them ;:lear. Preliminary hydraulic‘s of the existing structures
indicate that the major bridge has a capaéity of approximately 900 cfs. If cleared out, it could pass
the design discharge of 3200 cfs. The existing smaller bridge capacity is approximately 250 cfs while,

if cleared out, it could pass approximately 375 cfs.

MCS85 has a precast concrete girder bridge located on the main Bullard Wash channel and a S ft.
X 5 ft. concrete box culvert located on the low flow channel. Like the railroad structures, the MC85
structures are continuously filled with sediment and require maintenance to keep them clear. The
existing capacity of the box culvert is approximately 225 cfs. The existing condition bridge capacity
is approximately 700 cfs. However, MCDOT is currently planning two roadway projects for MC85,
one of which replaces the existing bridge in order to meet current highway design standards. The
proposed bridge was designed for a flow rate of 4900 cfs which is the current ADMS flow rate. This
design flow does not reflect construction of future approved flood control projects in the contributing
watershed. It would be placed at the existing bridge location. The bridge plans are currently on

hold pending the results developed from this study.

The objective of the second MCDOT project is to raise the Estrella Parkway - MC85 intersection
to improve existing sight conditions and genéral intersection operation. The proposed intersection
will be raised approximately 2 feet to an elevation just below the existing railroad elevation. The
raised roadway profiles resulting from the improvement will extend in all directions from the
intersection and will affect the existing drainage conditions. Preliminary plans indicate that the
roadway improvements for the east leg of the intersection will extend approximately 2000 feet to the
east towards Bullard Wash. Improvements to Estrella Parkway and its intersection with MC85 are
covered in a Construction Staging Report recently completed by Kirkham, Michael and Associates
for MCDOT. (See Reference #15.) Both of MCDOT’s projects affect and will be affected by the

outcome of this study. Coordination with both the Southern Pacific Transportation Company and

gsb/tlb:SEP053.60/12278.rpt 9 STANLEY CONSULTANTS, INC.




MCDOT is required throughout this project. Refer to the TDN for approximate geometry, sketches

and hydraulics of the existing bridge and culvert structures.

Buckeye Irrigation District Canal

The BID canal is located at the southern end of Bullard Wash just north of the Gila River. The
canal was founded in the late 1890’s. The canal conveys flows east to west through the study area
and originates at an existing diversion dam. The diversion dam is located approximately 1.5 miles
upstream of the project area at the Agua Fria and Gila River confluence. The diversion dam
regulates the quantity of flow that reaches the project area. Just upstream of the Bullard Avenue
alignment on the canal there is an existing weir used to estimate the flow rate and is usually read
twice a day. The normal operating discharge is approximately 325 cfs. The canal varies from about
30 feet to 40 feet in width and from about 3 feet to 5 feet in flow depth. The canal flow line is
approximately 16 feet below adjacent fields. The canal crosses under existing bridges at both Bullard
Avenue and Estrella Parkway. The Estrella Parkway bridge has several pipes carrying utilities and
drainage supported or suspended from the bridge girders which cross the canal above the existing
water surface. The low chord of the bridge crossing is the 42" overchute drainage pipe mentioned
previously. The low chord is approximately 8 feet above the flow line of the canal. Coordination
with the Buckeye Irrigation Company is required throughout this project. Refer to the TDN for

approximate geometry, sketches and hydraulics of the Buckeye Irrigation District Canal.

Existing Utilities
There are numerous utilities, both above ground and below ground which exist in the study area.

Major below ground utilities include the following:

City of Goodyear public water lines ranging in size from 12" to 16" diaineter;
City of Goodyear public sewer lines ranging in size from 6" to 30" diameter;
APS/Palo Verde Nuclear Power Plant 96" diameter re-use water line;

U.S. Sprint fiber optic communication line;

MCI fiber option communication line;

Santa Fe Pacific petroleum pipelines 12" and 20" diameter;

El Paso Natural Gas 8" diameter high pressure pipeline;

Southwest Gas 2" diameter natural gas pipe;

A A o R o

Phoenix - Goodyear Airport EPA Superfund wells and piping;
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Major above ground utilities include:

Western Area Power Administration 230 KV electrical transmission line (steel pole);
Western Area Power Administration 230 KV electrical transmission line (steel lattice tower);

Salt River Projects 500 KV electrical transmission line (steel lattice tower);

A

Tucson Electric Power 345 KV electrical transmission line (steel lattice tower); -

Potentially significant utility conflicts are anticipated. Some utilities such as water and small
diameter natural gas lines can be relocated with relative ease. Other utilities such as sewer and
petroleum lines can be relocated but with significant cost and effort. Utilities such as the electrical
towers and the 96" diameter APS/Palo Verde pipeline are nearly impossible to relocate. Major

utilities and their approximate locations are illustrated on Exhibit 1.

Existing Irrigation Facilities

The land use is primarily agricultural and therefore contains extensive irrigation facilities throughout
the study area. Both the East Local Tributary and Bullard Wash convey irrigation tailwater from
the fields north of the airport to the fields south of MC85. The fields south of MC85 have the
potential and capability to use the tailwater as supply water if desired. There are also several
irrigation water wells and pumps located south of MC85 that have the potential to irrigate the fields
as well. The overall system consists of various irrigation supply options incorporating wells and
tailwater to provide for flexibility in irrigation practices. The facilities consist of a variety of supply
and tailwater ditches, pipes, control structures, canals, sumps, and water wells. Exhibit 2 is a

schematic representing the irrigation system and some of the facilities in the study area.

Existing Superfund Conditions

Located within the Phoenix-Goodyear Airport (PGA) property is an existing EPA Superfund
groundwater remediation site. The groundwater within the PGA Superfund Site is contaminated
with trichloroethane (TCE) and aviation fuel. The contaminated groundwater is being remediated.
The treatment system includes a series of extraction wells, an air stripper, injection wells, monitoring
wells and associated piping. The Recommended Alternative DCR has been reviewed by the
Superfund engineers, Bartholomew Engineering and Sharpe & Associates, the City of Phoenix, and

the Environmental Protection Agency. These groups are in general agreement with the
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‘ Recommended Alternative DCR. Additional review and coordination will be required at the time
of design. Photographs 1 through 10 beginning on page 17 illustrate various significant locations and

features within the study area.

12 STANLEY CONSULTANTS, INC.
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Photo #1 Bullard Wash upstream from the airport looking south (downstream) as
Bullard Wash enters the airport property. The existing floodplain at this location is
approximately 1000 feet wide.

Photo #2 Bullard Wash low flow channel upstream of the Southern Pacific Railroad
looking north (upstream) at the low flow channel of Bullard Wash. Fenced area
directly north and to the east is the Phoenix-Goodyear Municipal Airport. To the
west is IMSALCO, an aluminum recycling plant.

gsb/tlb:SEP053.60/12278.rpt 15 STANLEY CONSULTANTS, INC.




‘Photo #3 Southern Pacific Réilroéd‘ low flow brlnfge crossirig. >look1ng north
(upstream) at the low flow irrigation ditch crossing the railroad. It appears that the
channel has recently been cleared of vegetation and sediment.

Photo #4 Southern Pacific Railroad main bridge crossing looking northeast from the
downstream side of the MC 85 crossing. Four of the six cells at the left are filled

with sediment.
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| Photo #5 MCSS5 box culvert crossing looking south (downstream) at the low flow
| irrigation ditch crossing of MC8S. Just downstream and south of the culvert, the low
flows are combined with the main Bullard Wash flows from the left of the
photograph. '

Photo #6 MCS85 bridged crossing looking northeast at the main bridge structure.
Vegetation and sediment deposition restrict Bullard Wash flows.
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Photo #7 Bullard Wash at Estrella Parkway looking directly north at the concrete
retaining wall check dam along the east side of Estrella Parkway. Bullard Wash flows
enter from the right side of the photograph.

Photo #8 The BID Canal and Estrella Parkway bridge crossing. The 42" pipe
overchute suspended under the bridge conveys minor Bullard Wash flows to the Gila
River located to the left of the photograph.
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Photo #9 Proposed Detention Basin No. 1 site looking directly east from Estrella
Parkway at the most southern boundary of the proposed basin. IMSALCO is located
to the right in the photograph.

Photo #10 Proposed Detention Basin No. 2 site looking northeast across the airport
property from the railroad. An existing EPA Superfund remediation facility is

located on the left side of the photograph.

Note: Refer to Detention Basin section on page 56 for evaluation of detention basin
alternatives.

STANLEY CONSULTANTS, INC.
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EXISTING HYDROLOGY AND HYDRAULICS

The existing condition hydrology and hydraulics for the Bullard Wash Outfall Feasibility Study are
based on the White Tanks/Agua Fria ADMS conducted by The WLB Group for the District and
dated October, 1992. The ADMS was reviewed and updated by SCI based on proposed flood
control improvements located in the northern portions of the ADMS. The Bullard Wash
contributing area, after reflecting these flood control improvements, comprises approximately one

quarter of the ADMS’s total study area.

The ADMS utilizes both HEC-1 hydrologic modeling and HEC-2 hydraulic modeling. The
methodology and basic model input parameters, as accepted and approved by the District and the
Federal Emergency Management Agency (FEMA), will not be altered except where specifically
addressed and documented. In general, the ADMS hydrology and hydraulics have remained
essentially unchanged in the Bullard Wash Outfall Feasibility Study. The following sections discuss
in more detail the existing hydrology and hydraulics for the Bullard Wash Outfall Feasibility Study.

Hydrology
The ADMS HEC-1 model uses a 100-year, 24-hour event and an SCS Type II rainfall distribution.
Depth-Area reduction values are from the NOAA Atlas 2, Volume VIII-Arizona. Green-Ampt and
Phoenix Valley S-Graphs are used for the loss rate and unit hydrograph options, respectively. The
watershed consists of primarily agricuitural land with some residential and industrial development.
The current Bullard Wash contributing area includes sub-basins located as far north as Cactus Road,
as far west as Jackrabbit Trail and as far east as Dysart Road. The contributing area which will be
used for Bullard Wash is approximately 51 square miles. The contributing area prior to reflecting
the flood control improvements of Dysart Drain and White Tanks #3 was approximately 120 square

miles. The total ADMS study area is approximately 220 square miles.

The HEC-1 methodology was reviewed and several items were specifically addressed. A 24-hour
storm distribution was used in the ADMS instead of a 6-hour storm distribution as recommended
in the Maricopa County Drainage Design Manual, Volume I Hydrology. The primary reason for this
is that the 24-hour storm produced a greater peak discharge and volume than the 6-hour event. For

the Bullard Wash Outfall Feasibility Study, the contributing area is significantly less than it was in
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the ADMS. However, the 24-hour event still produced a greater peak discharge and volume than

the 6-hour event. Also, the use of the 24-hour storm maintains consistency with the original ADMS.

The Depth-Area reduction factors used in the ADMS were from the NOAA ‘Atlas 2. The factors
shown in the District’s hydrology manual reduce the rainfall amount more than the NOAA Atlas 2
factors. Again, the use of the ADMS reduction factors results in a greater peak discharge and
volume for the study area and also maintain consistency with the ADMS. Although not utilized
further in this report, an input file of the HEC-1 model for the 6-hour distribution and the District’s
Depth-Area reduction factors is located on disk in Appendix A. The peak discharges, times to peak,

and volumes generated by all models are included in Table 1 at the end of this section.

The SCI revised HEC-1 model represents only those sub-areas which contribute directly to Bullard
Wash. The Bullard Wash contributing area has essentially been cut out of the ADMS model. The
cumulative area, TAREA in field 2, used in the combination of hydrographs, HC record, is adjusted

to reflect the actual areas contributing to Bullard Wash for the existing condition model.

Runoff occurs predominantly as sheet flow across agricultural fields and generally collects at the
southeast corner of each sub-basin. It is common for these concentration points to yield two-way
or three-way flow splits. The flow splits which were within the Bullard Wash contributing area were
investigated. Specifically, those points at which flow was diverted out of the contributing area were
reviewed in order to correctly assess the nature of the flow split. This review was coordinated with

District Hydrology staff. No changes to the original ADMS flow splits resulted from this review.

The Bullard Wash Outfall Feasibility Study is concerned with flows at the southern end of the wash.
Specifically, concentration points of sub-basins 335 and 364A will be used to estimate design flow
rates for the development of the design concept alternatives. The flow rate at CP335 is used as the
design inflow for the detention basin alternative on the main channel of Bullard Wash which was

initially considered. (The detention basin alternative was later dropped.).

The flow rate at CP364A is used to estimate the design flow rate for the proposed channel design.
The flow split which occurs at CP364A was altered depending on the alignment being considered

downstream. For example, the alignments east of Estrella Parkway will require the entire flow at
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CP364A to continue to the south instead of a portion being diverted to the west as in the original
ADMS model. For similar reasons, the alignment west of Estrella Parkway will require the entire
flow at CP364A to continue to the west instead of a portion flowing south. The procedure
mentioned above does not increase the design flow rate obtained from CP364A. Therefore, the

design flow rate for the channel is developed from CP364A of the SCI revised HEC-1 model.

Hydrology for the ADMS sub-basins which coﬁtribute to the local tributary~joining the Bullérd Wash
main channel from the east at the main railroad bridge remains unéhanged from the ADMS. Refer
to Figure 3 for the delineation of the contributing area of Bullard Wash and the effect of the
proposed flood control improvements on the ADMS study area. Refer to Table 1 for a comparison
of the ADMS flow rates and the modified Bullard Wash flow rates for the concentration points
mentioned above. Refer to Figure 4 for a comparison of ADMS and SCI revised hydrographs at
CP364A.
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TABLE 1

COMPARISON OF HEC-1 RESULTS

NORTH OF AIRPORT

SE CORNER OF ESTRELLA PARKWAY-MC85

CP 335 INTERSECTION CP 364A
DISCHARGE TIME TO PEAK VOLUME DISCHARGE TIME TO PEAK VOLUME
Q T v a T Y
MODEL (CFS) {HR) (AC ET) (CFS) {HR) {AC FT)
ORIGINAL WHITE TANK/AGUA FRIA
ADMS 100-YR 24-HR STORM 4906 20.58 3534 4895 20.92 3730
FILENAME: ADMS_H1
SCI REVISED FOR BULLARD WASH
REFLECTS PROPOSED FLOOD
CONTROL IMPROVEMENTS
UPSTREAM AND REVISED DRAINAGE
AREAS. 100.YR 24.HR STORM 3168 19.67 2230 3175 19.92 2430
FILENAME: 12278H1A
SCI REVISED FOR BULLARD WASH
REFLECTS PROPOSED FLOOD
CONTROL IMPROVEMENTS
UPSTREAM AND REVISED DRAINAGE
AREAS. 100-YR 6-HR STORM 2481 8.92 1814 2458 9.50 1955
‘ FILENAME: 12278H18B
ALTERNATIVE DETENTION BASIN.
100-YR 24-HR STORM 1351 22.83 2230 1355 22.92 2430
FILENAME: 12278H1C
I gsb/tib:SEPO53.60/12278.rpt 24 STANLEY CONSULTANTS, INC.
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Hydraulics

The ADMS hydraulic analysis and floodplain delineation uses both HEC-2 modeling and
approximate methods to evaluate the existing floodplain of Bullard Wash. The ADMS floodplain
limits for Bullard Wash extend from Northern Avenue to the BID canal. This ﬂoodpiain was studied
in detail upstream from the end of the Phoenix-Goodyear Airport runway. Downstream from the
end of the runway, a combination of detailed and approximate methods were used. The Bullard
Wash Outfall Feasibility Study considers only those portions of the wash located from Yuma Road
downstream to the outfall into the Gila River. The hydraulics for the lower reaches of Bullard
Wash, from the airport runway to the south, are rather complex and incorporate a great deal of

engineering judgement.

In general, the hydraulic review for this feasibility study was concerned with details or elements of
the ADMS which might have changed due to the revised hydrology. The purpose of this feasibility
study is to update the floodplain limits (Exhibit 3) within the study area based on revised hydrology
to compare to and evaluate the proposed outfall alternatives. The revised floodplain limits are not

intended to be submitted to FEMA or used for floodplain management.

The hydrology has been revised to incorporate flood protection projects being constructed in the
contributing watershed subsequent to the completion of the ADMS HEC-1 model. These projects
reduce the peak discharge in Bullard Wash. The hydraulic review of the ADMS is intended to assess
the effects of the reduced flow rate. However, several reaches in the ADMS were analyzed by
defining the flow rate as "the channel capacity plus a maximum of 1 foot over the top where capacity
is exceeded" instead of the peak discharge as estimated from the ADMS HEC-1 model. This
methodology appears to be appropriate for defining a continuous HEC-2 model through an area that
is basically submerged and delineated as approximate floodplains. For the reaches where this
occurred, the HEC-2 output does not change significantly because the flow rate does not change.
The Technical Data Notebook contains a detailed cross section by cross section analysis of the
differences between the ADMS delineation and the updated delineation. Each cross section is
analyzed based on a comparison of the HEC-2 models. As in the ADMS, engineering judgement

and approximate methods were applied to aid in the analysis.
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In conclusion, the hydraulics and floodplain delineation documented in the White Tanks/Agua Fria
ADMS as prepared by The WLB Group and on file with the District has been re-analyzed based on
the reduced flow rate that will result from future flood control projects in the contributing watershed.
Although there is a significant reduction in discharge, there is generally only a slight reduction in

flow depths. The corresponding reduction in floodplain limits is essentially insignificant.

The ultimate outfall of Bullard Wash is the Gila River under both existing and proposed conditions.
The Gila River floodplain will potentially impact the proposed Bullard Wash outfall since there is
no well defined channel bank on the north side of the Gila River. The proposed Bullard Wash
outfall channel will need to traverse the Gila River Fringe District in order to provide a positive
outfall grade. The current Gila River floodplain delineation and HEC-2 back water model which
were prepared by Dames and More are in the process of revision to reflect new topographic mapping
and slightly reduced post-Roosevelt Dam reconstruction hydrology. This revised floodplain analysis
is being conducted by Michael Baker Jr., Inc. for the District. A preliminary floodplain limit and
HEC-2 floodplain model dated July 1994 have been provided to SCI by the District. The District
has also provided SCI with limits of the Corps of Engineers 404 Waters of the U.S. jurisdiction for
the Gila River.

Refer to Exhibit 3 for the ADMS floodplain delineation and cross section locations, the approximate

preliminary Gila River floodplain limits from Michael Baker Jr. Inc. dated July 1994, and the Corps
404 Waters of the U.S. Jurisdictional limits from the District dated August 1994.
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APPROACH

The alternatives developed and considered for this study incorporated several channel alignments,
cross section geometrics and lining concepts. The concept of incorporating detention basins with
these channels was also considered. While all the channel alignments have a similar objective and
have the same estimated design flow rate, 3200 cfs, they present unique considerations and differ in
effectiveness, design requirements and costs. The concept of a detention basin is based on the ability
to reduce the design flow rate of the channel, thus, reducing the costs of the channelization and to
provide sediment control. However, the effectiveness of the basin and its construction costs will be

weighed against the cost savings for the channel and the need for sediment control.

All design analyses for the alternatives were conducted in a conceptual manner and intended for the
use of eliminating alternatives which appear to be not feasible or which are too costly. Those
alternatives which resulted in potentially advantageous design solutions and were considered
constructable were chosen for further development in the Recommended Alternative phase of this

study.

A number of general considerations were incorporated into the selection process for the chosen

alternatives. The major considerations are as follows:

constructibility

operations and maintenance

hydraulic reliability

land, construction, and maintenance costs
aesthetics

potential joint use

A A T

existing utilities and surrounding land improvements

The above considerations are not presented in any particular order of importance. In addition to
the above general considerations, specific concerns may be present that are unique to a particular

alternative.
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Hydraulic analyses of alternative channels were performed by normal depth methods. The design
flow rate for all channels, estimated from the revised ADMS HEC-1 hydrology model, is 3200 cfs.
Although the alternative alignments have minor differences of contributing areas and location, the
peak discharge varies only slightly. The only change to the peak discharge occurs with the use of
a detention facility. At best, the peak discharge used for the main channel design flow can only be
reduced to approximately 850 cfs with the construction of a main channel detention basin. 850 cfs
is the discharge produced by the East Local Tributary without any contribution from the Bullard

Wash main channel upstream from their confluence.

The channel concept is divided into four segments and issues for each reach will be discussed
independently. Each segment may have one or more possible alignment locations along with one
or more typical channel cross-sections. Four basic channel cross section concepts are analyzed.
These concepts are illustrated in Figures 5, 6 and 7 on the following pages. The cross section names
and descriptions are as follows: '

1. Earth - an unlined earth channel;

2. Composite - a composite channel consisting of protected channel sides and a

protected low flow channel but generally unlined bottom,;
3. Riprap - a fully lined channel of grouted riprap;

4. Concrete - a fully lined channel of Gunite, Shotcrete, or reinforced concrete.
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The predominant existing slopes were used for preliminary design and adjusted thereafter to
accommodate design criteria, the different channel cross sections, and the various utility conflicts in
the study area. The upstream limit of all alternative alignments is Lower Buckeye Road. The
collection of floodplain flows entering the proposed channel will be discussed in the next phase of
this study. For now, it is assumed that the entire flow can and will be collected at or near Lower

Buckeye Road.

The alternatives of each segment were not connected to form a cdntinuous alignment at this point
in the study process allowing for a variety of combinations to be considered. Quantity and cost
estimates are preliminary and references made to relative cost comparisons are based on such things
as estimated dimensions, approximate unit costs, alignment locations and estimated land
requirements. Table 2 lists the majority of the unit costs used in the cost estimates reported in Table
3. Refer to Exhibit 4 on the following page for the locations of the four segments and the
conceptual alternatives. Refer to Table 3 at the end of this section for a summary of costs for each
segment and for the detention basin alternatives. The detention basin summary costs in Table 3
include an outfall channel based on a reduced flow rate generated from the basin operation. The
configuration and costs of the smaller outfall channel associated with reduced detention basin flow

rates can be found in the TDN cost estimates for the chosen alternatives.
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TABLE 2
UNIT COSTS

The following unit costs are used for all cost estimates.

DESCRIPTION : UNIT UNIT COST
Excavation C CY. $ 3.00
Structural Concrete (including reinforced steel) CY. $ 250.00
Rip Rap (hand placed - grouted) S.Y. $ 30.00
Wire Enclosed Rock S.Y. $ 50.00
Crushed Granite CY. $ 25.00
Fencing (6’ chain link - gates) LF. $ 8.00
Highway Bridge S.F. $ 50.00
Highway Culvert S.F. $ 25.00
Railroad Bridge S.F. $ 75.00
Railroad Culvert ' S.F. $ 45.00
Right of Way (Land Purchased)
Agricultural AC $ 9,000.00
Frontage AC $ 14,000.00
Notes:
1. Excavation is assumed to be of level ground with minor overexcavation for structural
needs.
2. Structural concrete is estimated from ADOT Standards where available and
estimated from general dimensions elsewhere.
3. All dimensions are approximate and may vary around bends, over or through
structures, and for non-uniform flow conditions.
4. Floodplain status is assumed to not affect right-of-way costs. Right-of-way needs

within the Phoenix-Goodyear Airport are assumed to be no cost (donated).

gsb/tib:SEP053.60/12278.rpt 36 STANLEY CONSULTANTS, INC.




SUMMARY OF COSTS FOR CHOSEN ALTERNATIVES

TABLE 3

Location Description Total Cost
Segment 1 Concrete Channel $ 1,775,600
Riprap Channel $ 2,923,400
Segment 2 Alignment A | Concrete Channel $ 2,013,000
Riprap Channel $ 1,928,500
Alignment B Concrete Channel $ 3,633,300
Riprap Channel $ 3,536,300
Segment 3 Alignment A Concrete $ 2,944,100
Riprap $ 4,943,400
Composite Section $ 2,084,000
Earth Section $ 2,143,200
Alignment B Concrete $ 2,944,100
Riprap $ 4,943,400
Composite Section $ 2,084,000
Earth Section $ 2,143,200
Alignment C Concrete $ 5,277,000
Earth Section $ 3,594,300
Segment 4 Alignment A, B and -Concreté Pilot $ 408,600
C Channel
Earth Dredged $ 155,600
Channel )
Detention Basin 1 Main Bullard Wasl? $ 12,932,200
Detention Basin 2 East Local Tributary | $ 2,132,200

Note: Costs include construction cost, construction contingency and right of way for channelization,
major structures and land requirements. Minor utility relocation and protection, irrigation
structures, and other special conditions such as potential costs associated with the superfund
site are not included in this report because they represent similar costs for each alignment
and do not contribute to the comparison of alternatives. Costs reflect the option of a bridge
structure for the railroad and a culvert structure for MC85 and the BID canal instead of a

clear span bridge structure.
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BULLARD WASH SEGMENT 1

This segment begins at Lower Buckeye Road and continues southwesterly to the Phoenix-Goodyear
Municipal Airport. Because the airport runway encroached into the natural channel of Bullard Wash
and because of other downstream design constraints, alignment alternatives were limited. In
addition, the natural ground through this reach has a local high point that may require significant

cut for channel construction.

As mentioned previously, collecting the flow from the Bullard Wash floodplain will be a significant
consideration. The Bullard Wash floodplain upstream from Segment 1 is on the order of 1000 feet
in width. The widest channel alternative within Segment 1 will be bout 200 feet wide. At this point,
the following concept is anticipated to transition flows from the upstream floodplain to the channel

in Segment 1:

1. The proposed channel will be aligned with the existing Bullard Wash channel and will receive

approximately 50% of the total discharge directly into the new channel.

2. The remaining overbank flows will continue in a southerly direction and enter the proposed
channel for a distance of perhaps 1/4 mile south of Lower Buckeye Road. Both the east and
west overbanks will have hydraulic gradients that will direct flow to the proposed channel.
Proposed bank lining in Segment 1 will provide protection from inflow scour. Upon review
of the affected floodplain limits, additional berms may be required to assure that the design

flows reach the proposed channel.

3. Future development upstream from Lower Buckeye Road will be allowed to continue the

channelization of Bullard Wash upstream, if desired.

The concept design for this reach utilized a narrow channel section with a flat longitudinal slope to
minimize right-of-way and earthwork. The sediments (silts) deposited in the ancient Gila River
overbanks are easily transported by stormwater runoff. Preliminary analyses indicate that the
allowable velocity for an earth lined channel is between 2 fps and 4 fps. The velocity constraint and
limited right-of-way may require the channel to be protected. Two types of protection (concrete
lining and grouted riprap) were evaluated for this segment. Due to the previously mentioned

constraints, only one alignment was considered in Segment 1.
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Concrete Lined

The concrete lined channel through this section will have a bottom width and longitudinal slope of
60 feet and 0.0011 ft/ft, respectively. The total width of the drainage corridor will be approximately
130 feet. This includes 20 feet on each side of the channel for maintenance access. Additional joint
use facilities (trails, parks, etc.) may require additional right-of-way. The 100-year event (3200 cfs)
will have a velocity and depth of 9.15 fps and 5 feet, respectively. Additional normal depth hydraulic

parameters are provide in the TDN.

Pros:

1) Contained channel;

2) Increased sediment transport rate;

3) No ponding or vegetation problems around the airport;
4) Minimum right-of-way requirement.

Cons:

1) Increased capital cost;

2) Aesthetics;

3) Limited joint use opportunities.

Grouted Riprap

The grouted riprap channel performs the same function as the concrete lined channel. Due to the
increased roughness (assume Manning’s "'n" = 0.038), the width will be increased. The grouted
riprap channel will have a bottom width and longitudinal slope of 168 feet and 0.0011 ft/ft,
respectively. The total width of the drainage corridor will be approximately 235 feet. This includes
20 feet on each side of the channel for maintenance access. The 100-year event will have a velocity
and depth of 3.59 fps and 5 feet, respectively. Additional normal depth hydraulic parameters are
provided in the TDN.

Pros:
1) Contained channel;
2) No ponding or vegetation problems around the airport;
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1) Increased capital cost;

2) Aesthetics;

3) Limited joint-use opportunities;

4) Lower sediment transport rate than concrete lined;

5) Potentially higher maintenance requirements than concrete lined.

A small channel parallel to the Bullard Wash improvements will be constructed to route irrigation
runoff to the existing irrigation ditch south of MC85. This tailwater or irrigation ditch will be
utilized to irrigate agricultural fields to the south and west. This system would maintain the existing

irrigation pattern in the area.

A detention basin was evaluated as part of the segment 1 analyses. The basin reduced the 100-year
peak discharge of Bullard Wash from 3200 cfs to 1400 cfs. This alternative reduced the channel size
downstream of Segment 1. A detailed discussion of the detention basin alternative is provided in

a later section of this report.

BULLARD WASH SEGMENT 2

The segment begins just north of the airport runway and continues to a point slightly south of MC8S5.
This section includes some extremely narrow right-of-way and some steep longitudinal slopes. The
existing channel flows between the airport runway and the IMSALCO aluminum recycling facility.
Downstream of the runway, the channel alignment includes several severe bends prior to crossing
MC85. South 6f MCS8S, the channel turns 90 degrees and flows west toward Estrella Parkway.
Because the Bullard Wash channel has been altered for irrigation purposes, the hydraulic capacity
of the channel is greatly reduced. The existing condition flow pattern changes from channelized flow

in Segment 2 to shallow sheet flow in Segment 3.

The two channel alignments investigated for segment 2 included the following: A) directly south to
MCSS5 along the airport west boundary, or B) the existing main channel alignment around the end
of the runway through the existing bridge at MC85. The following paragraphs describe each

alignment alternative.
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Alignment "A"
The alignment follows an existing irrigation tailwater channel south to MC85. This alignment will
significantly improve the horizontal configuration and minimize the length of the channel. This

alignment traverses a wide range of longitudinal slopes form dead flat to about 2%.

This alignment will require new structures at the railroad and at MC85. The existing bridge
structures to the east could be used to maintain conveyance of low flows generated from local sub-
basins (east local tributary) or replaced with significantly smaller culvert crossings. If the existing
structures are abandoned, a channel would be required to route runoff from the existing bridge
structures to the new crossing. The irrigation tailwater which is conveyed from the east local
tributary to the existing tailwater pond must be maintained for irrigation practices. This location also
requires the relocation of several significant utilities in the area. The 8" natural gas line and both

the 12" and 20" petroleum lines will be relocated.

The 100-year runoff through this reach is in the super critical flow regime. Therefore, a fully
protected channel section (concrete lined or grouted riprap) is required. Several drops and/or energy
dissipation structures may be required upstream of Segment 3. In addition, the lined channel options

will reduce the width of the channel section and may reduce the cost of bridge/culvert structures.

Concrete Lined

The concrete lined channel through this section will have a bottom width and longitudinal slope of
25 feet and 0.0186 ft/ft, respectively. The available right-of-way limits the maintenance access and
joint-use opportunity in this reach. The 100-year event (3200 cfs) will have a velocity and depth of
28.48 fps and 3.51 feet, respectively. Additional normal depth hydraulic parameters are provided
in the TDN.

Pros
1) Straight alignment;
2) Reduced length of channel;

3) Minimizes right-of-way.
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‘ Cons
1)

2)
3)
4)
S)
6)

Super critical flow with very high channel velocity;
New crossing location for railroad and MC85;
Coordination with railroad,;

Aesthetics;

Limited joint-use opportunity;

Utility conflicts.

Grouted Riprap

The grouted riprap channel performs the same function as the concrete lined channel. Due to the

increased roughness (assume Manning’s "n" = 0.038), the width will be increased. The grouted

riprap channel will have a bottom width and longitudinal slope of 40 feet and 0.0186 ft/ft,

respectively. The 100-year event will have a velocity and depth of 13.24 fps and 4.86 feet,

respectively. Additional normal depth hydraulic parameters are provided in the TDN.

Pros

®

2)

Cons
1)

2)
3)

4

3)

6)

7)

Straight alignment;
Reduced length of channel;

Supercritical flow (although manageable velocities);

" New crossing location for railroad and MC85;

Coordination with railroad;
Aesthetics;

Limited joint-use opportunity;
Utility conflicts;

Greater right of way needs than concrete channel.
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Alignment "B"

This alignment follows the existing flow path of Bullard Wash. Therefore, it utilizes the recent (post-
airport) historical flow path in an established channel. Discussions with representatives of MCDOT
indicate that the existing MC85 bridge structure will be replaced and that preliminary design has
been completed. Further design efforts will not be performed until the District has completed the
Bullard Wash Outfall Feasibility Study.

The existing flow path is a long winding path that includes several bends prior to MC85. This
configuration contains inherent problems regarding horizontal alignment. The existing curves are
much more severe than normally desired in design. Therefore, these sections will require bank
protection and additional freeboard allowances to ensure acceptable hydraulic operation of the
channel. Potential utility conflicts may exist, however, it is assumed that the utilities have been
installed with regard to the existing wash crossing and that there will not be any extensive utility

relocation for this alignment.
Two types of protection, concrete lining and grouted riprap, were evaluated for this segment.

Concrete Lined

The concrete lined channel through this section will have a bottom width and longitudinal slope of
50 feet and 0.0034 ft/ft, respectively. The available right-of-way limits the maintenance access and
joint-use opportunity in this reach. The 100-year event (3200 cfs) will have a velocity and depth of
14.02 fps and 3.94 feet, respectively. Additional normal depth hydraulic parameters are provided
in the TDN.

Pros
1) Utilize existing channel alignment;
2) Utilize existing bridge locations;

3) Minimum right-of-way width;

4) Less coordination with the railroad;

5) No need for channel to serve east tributary.
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Cons

1) Longer length of channel than Alignment A;
2) Increased capital cost;

3) Horizontal alignment (sharp bends);

4) Aesthetics.

Grouted Riprap

The grouted riprap channel performs the same function as the concrete lined channel. Due to the
increased roughness (assume Manning’s "n" = 0.038), the width will be increased. The grouted
riprap channel will have a bottom width and longitudinal slope of 100 feet and 0.0034 ft/ft,
respectively. The 100-year event will have a velocity and depth of 6.10 fps and 4.79 feet, respectively.
Additional normal depth hydraulic parameters are provided in the TDN.

Pros

1) Utilize existing channel alignment;

2) Utilize existing bridge locations;

3) Maintain subcritical flow;

4) No need for channel to serve east tributary.
Cons

1) Longer length of channel than Alignment A;
2) Right-of-way limitations;

3) Horizontal alignment (sharp bends);

4) Aesthetics.

The railroad crossing will be evaluated to determine its hydraulic capacity. The calculations will
utilize both the field survey conducted for this study and the railroad as-builts when obtained from
the railroad. If the structure is found to be inadequate, the District will be notified so that
coordination can begin for design of a new crossing. The railroad crossing will have the same
hydraulic requirements as the MC85 crossing, but will be designed for structural live loads associated

with a railroad.
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The new structures will have capacity to pass the 100-year discharge of 3200 cfs. The existing bridge
structure at MC85 will be replaced with either a bridge or multi-barrel culvert. The culvert is
anticipated to be composed of at least 6 - 10’ X 6’ RCBC’s. The bridge structure option would clear
span the typical channel section. Final sizing and location of the crossing is included in the

Recommended Alternative section of this report.

BULLARD WASH SEGMENT 3

Segment 3 begins at MCS85 and continues south to the BID canal. Bullard Wash has been
obliterated by the development of agricultural fields in this reach. Runoff is characterized by wide
shallow sheet flow flooding. Initially, runoff flows across the fields and/or down Estrella Parkway

to the BID canal, then it overtops the canal and outfalls to the Gila River.

This segment has numerous utility concerns that need to be addressed during the preliminary design

phase. A few of the major utilities include:

1) Palo Verde 96" diameter gravity waterline;

2) Buckeye Irrigation District canal;

3) Agricultural irrigation;

4) City of Goodyear 15" diameter sewer line (Broadway Road);
5) Overhead power lines.

Three alignments were analyzed for Segment 3. Alignments "A" and "B" flow south from MC85 to
the BID canal. These alternatives have similar hydraulic characteristics. Impact to utilities will
dictate the final alignment. Also, a combination of the alignments may be considered. Alignment
"C" routes flows west then south along Estrella Parkway to the Gila River. The primary objective
of Alignment C was to provide an outfall that would be capable of collecting all of the flow that
would pass over the railroad and MC85 per existing conditions if no Segment 1 or 2 flood control

improvements could be established.
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Alignments "A" & "B"

Because alignments "A" and "B" are very similar they will be discussed jointly. These alignments
route flows from MCB85 directly south to the Gila River. The primary constraints limiting design
alternatives are: 1) geometry of the crossing at MC8S; 2) elevation of the existing sewer line at
Broadway Road; 3) elevation of the Palo Verde water line near the BID canal, 4) location of

overhead power structures; and 5) hydraulic requirements of the BID canal.

Several types of channels were evaluated. These included 1) earth; 2) composite channel section;

3) concrete lined; 4) grouted riprap.

Earth

The earth channel was initially considered because it would allow the City of Goodyear flexibility in
developing joint use facilities in the future. The sediments (silts) deposited in the historic Gila River
overbanks are easily transported by stormwater runoff. Preliminary analyses indicate that the
allowable velocity for a earth lined channel is between 2 fps and 4 fps. Because of the velocity
constraint, the earth channel must be extremely wide to pass the 100-year event. The earth channel
will have a bottom width and longitudinal slope of 355 feet and 0.0012 ft/ft, respectively. Also, the
low allowable velocity may cause aggradation in the channel and increase maintenance. The earth
channel will not prevent lateral migration of Bullard Wash. Therefore, setbacks (easements) willneed
to be established as part of the maintenance program of the drainage facility. The earth channel
width requires substantial amounts of rights-of way/easements and is difficult to align through the
electrical 'power structures. In addition, the wide channel geometry requires the BID canal crossing

structure options to be significantly larger than for lined channels.

Pros:
1) Joint use opportunity;
2) Aesthetics.

Cons

1) Land requirements;

2) Operation and maintenance;

3) Increased crossing structure cost;
4) Horizontal alignment concerns.
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Composite Section

The composite section is composed of stable bank protection (concrete, grouted riprap or soil
cement) with an earth bottom. This section incorporates the protection of a lined channel with the
aesthetics of an unlined channel. The sides of the channel are protected to prevent lateral migration
and/or failure due to vertical scour, and the bottom of the channel is earth to allow joint-use
opportunities such as parks, trails, etc.. The bottom width and longitudinal slope are 150 feet and
0.0012 ft/ft, respectively. The velocity through this reach is approximately 4.4 fps. This velocity is
slightly higher than the 2 fps - 4 fps value indicated in the preliminary allowable velocity analyses.
This appears to be acceptable because the channel will have four "hard points" (BID canal overchute,
Palo Verde pipeline, Broadway Road sewer line, and the MC85 crossing structure). These hard
points will involve concrete lining of the channel bottom at the upstream and downstream ends of
Segment 3 and at the utility crossings to protect them from potential scour. It is general practice

to design channels for slight degradation to ensure that no significant deposition occurs.

Pros:
1) Contained channel;
2) Joint-use opportunities;

3) Aesthetics;

4) Least expensive alternative.

Cons:

1) Operation and Maintenance costs;

2) Increased structure cost compared to concrete lined channel.

Concrete Lined

This alternative minimizes the right-of-way required for the channel. The concrete lined channel
through this section will have a bottom width and longitudinal slope of 70 feet and 0.0012 ft/ft,
respectively. The total width of the drainage corridor will be approximately 130 feet. This includes
20 feet on each side of the channel for maintenance access. Additional joint-use facilities (trails,
parks, etc.) may require additional right-of-way. The 100-year event (3200 cfs) will have a velocity
and depth of 9.12 fps and 4.45 feet, respectively. Additional normal depth hydraulic parameters are
provided in the TDN.
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Pros:
1) Contained channel;

2) Minimize right-of-way;

3) Minimize structure cost;

4) Minimize operation and maintenance cost;
5) Minimize horizontal alignment concerns.
Cons

1) Cost;

2) Aesthetics;

3) Reduced joint-use opportunities.

Grouted Riprap

The grouted riprap channel performs the same function as the concrete lined channel.. Due to the
increased roughness (assume Manning’s "n" = 0.038), the width will be increased. The grouted
riprap channel will have a bottom width and longitudinal slope of 190 feet and 0.0012 ft/ft,
respectively. The total width of the drainage corridor will be approximately 250 feet. This includes
20 feet on each side of the channel for maintenance access. The 100-year event will have a velocity
and depth of 3.57 fps and 4.51 feet, respectively. Additional normal depth hydraulic parameters are
provided in the TDN.

Pros: -
1y Contained channel;

2). Reduce right-of-way (compared to earth);

3) Reduce structure cost;

4) Reduce operation and maintenance cost;
5) Reduce horizontal alignment concerns.
Cons

1) Cost;

2) Aesthetics;
3) Reduced joint use opportunities.
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Alignment "C"

This alignment possesses several problems that may eliminate it from further consideration. First,
the slope of the natural ground along the proposed channel is extremely flat (0.0004 ft/ft) south of
Broadway Road. This will require the channel to be very wide to pass the 100-year event. For
example, the concrete lined channel alternative in this section will have a bottom width of 150 feet
and the earth lined channel will have a bottom width of 600 feet. Second, the channel alignment
is adjacent to Estrella Parkway. This will be some of the most expensive right-of-way in the area.

Also, access structures across the wide channel appears to be cost prohibitive.

For these reasons, the project team eliminated this option from consideration. Detailed hydraulic

analyses will not be performed unless requested by the District for further justification.

Pros:

1) Outfall downstream of Estrella Parkway.

Cons:

1) Expensive right-of-way;

2) Expensive access structures;
3) Additional roadway crossing;

4) Inefficient hydraulics.

Segment 3 will require some type of culvert/overchute structure at the BID canal and an energy
dissipation structure just downstream from the BID canal. Preliminary analysis indicates that the
two most promising methods of crossing the BID canal with the proposed channel involve the

following:

1. Construct a standard concrete box culvert within the canal to convey canal ﬂowsvand then
construct a concrete lined channel with reinforced concrete sides over the box culvert to carry
the storm flows. The box culvert would be a three or four barrel structure the full width of
the existing canal with a clear opening height of 6 to 8 feet and a length corresponding to
the full width of the proposed channel plus enough additional length to provide for

maintenance access of the canal.
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2. Construct a clear span overchute of the canal with pre-fabricated reinforced concrete girders

or slab bridge and reinforced concrete sides.

The concrete box option would be constructed at the approximate existing grade of the canal bottom
and, under normal delivery flows would have a freeboard "headroom" of between 2 to 4 feet. Based
on preliminary channel elevations, the clear span option may not be capable of provided as much
headroom between the normal canal water surface and the underside of the concrete girders as

compared to the concrete box option.

Due to potential difference in grade between the canal overchute and Segment 4 downstream, an
energy dissipation structure or deep may be necessary immediately downstream of the overchute.
A structure similar to the one in Photo #11 may be appropriate. Photo #12 illustrates a typical box
culvert application for an irrigation canal. At this point in time, an inverted siphon option to convey

flows over the BID canal does not appear warranted.
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Photo #11 Baffle chute energy dissipator structure located on downstream side of
Cave Creek overchute structure at the Central Arizona Project Canal.

o

=
Sy "'I’I: )
i

Photo #12 Concrete box culvert for the Western Canal under Interstate 10 in

Tempe, Arizona. Structure is a double 14’ wide by 5’ high by several hundred foot
- long reinforced concrete box with a trash rack at the upstream end. Normal

irrigation delivery flows for the Western Canal are on the order of 300 cfs.
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BULLARD WASH SEGMENT 4

Segment 4 extends from the BID canal overchute to the Gila River. Segment 3 Alignments A and
B would result in a Segment 4 outfall that is situated upstream in the Gila River from the existing
Estrella Parkway Bridge. Segment 3 Alignment C results in a Gila River outfall that is downstream
from the existing bridge. All three alignments are situated within the fringe district of the Gila River
according to the current Dames and Moore floodplain delineation. All three alignments ate subject

to transverse flows and potential ponding from the Gila River.

Alignment C is somewhat protected from Gila River flows because it is positioned downstream from
the Estrella Parkway bridge approach. Because of this bridge approach, all three Segment 4
alignments are located in an area that may be considered hydraulically ineffective. The north
abutment of the Estrella P.arkway bridge is situated approximately 1/4 mile south of the BID canal.

A hardened spur dike has been constructed at this abutment to protect it from Gila River flows.

Segment 4 needs to provide a positive outfall from the BID canal overchute to a location in the Gila

River that will recognize the following concerns:

1) potential occasional Gila River flooding;
2) existing Estrella Parkway road, bridge and spur dike improvements;

3) Gila River low flow channel grades;

4) maintenance requirements;
5) existing utilities;

6) right-of-way requirements;

7) Corps 404 waters of the U.S.;
8) and sediment transport.

At this point in the study process, the following alternative design concepts have been considered:
1) A channel that would be capable of conveying the full 3200 cfs design flow with continuous

bottom and sides to an existing Gila river low flow channel that flows adjacent to the existing

spur dike.

gsb/tlb:SEP053.60/12278.rpt 52 STANLEY CONSULTANTS, INC.




2) Same channel as in 1) above except design flow rate would be for a 10-year discharge of

approximately 1300 cfs.

3) Pilot channel with the same extent, alignment end point and design flow as in 2) above
except only the bottom would have a continuous grade; the sides would be discontinuous and

follow the existing grades found along the alignment. These grades vary significantly.

All three channel concepts would be subject to transverse flows from the Gila River. An additional
design concept that could be considered with any of the three channels would be to place fill
material on the downstream (west side) of the outfall channel to protect it from Gila River flows.
This fill material should be readily available from proposed channel excavation. Another design
concept that could be considered with any of the three channel concepts would be to provide a lined
low flow channel within the Segment 4 outfall channel in order to maintain flow velocities capable

of transporting sediment (silt) loads.

At this point, it appears that an end point for Segment 4 can be found within the Gila River that
would provide a workable grade for channel design and also minimize or eliminate construction
within the Corps’ jurisdictional waters. Maintenance costs may potentially be higher in Segment 4
than any of the other segments because of the Gila River. Any Segment 4 channel alternative
concepts which do not convey the full 3200 cfs may involve the need for flowage easements for that
area within the Gila River fringe district that would be subject to Bullard Wash overflow. Hydraulic

analysis for Segment 4 will be presented in the Recommended Alternative section of this report.

SEDIMENT TRANSPORT

Existing Condition

Bullard Wash currently experiences severe aggradation within the proposed study reach. The
primary reason for this aggradation is the development of agricultural fields and the encroachment

of the airport runway into the wash.
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Development of the agricultural fields south of MC85 may have the most severe impact on the
sediment transport capacity of Bullard Wash. Construction of agricultural fields have obliterated the
wash channel. The section of Bullard Wash from MC85 to Estrella Parkway has been blocked to

create a tailwater pond for irrigation of adjacent fields.

The runway encroachment significantly altered the horizontal alignment of the wash. Specifically,
three 90° bends were introduced to route flows around the runway and through the existing crossings.
These curves were not designed in accordance with current design procedures. Therefore, they are

not hydraulically efficient.

Runoff from the wash transitions from a hydraulically efficient channelized section to an inefficient
ponded/shallow sheet flow section. The flow velocity in the sheet flow section is substantially less
than in the channelized section. Therefore, the sediment transport capacity is reduced and

aggradation occurs.

This process is responsible for the deposition of sediments in the channel downstream of MC85 and
for the deposition within the structures. Field investigations indicate that the MC85 structure is

approximately 70 percent filled.

The reduced hydraulic capacity of the structures and ineffective horizontal alignment of the upstream
channel cause ponding to occur at MC85 and the Southern Pacific Railroad. This ponding (reduced

velocity) produces additional sediment deposition in this portion of the wash.

The study area will continue to have aggradation and shallow flooding problems until the hydraulic

and sediment transport capacities are improved.

Design Condition

The goal of the proposed drainage improvements is to match or exceed the sediment transport
capacity rate of the upstream sediment supply section. Theoretically, if the sediment transport
capacity of the supply section and the design section are equivalent, the system is in equilibrium and

deposition/aggradation will not occur.
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The potential for the development of local scour and/or long term degradation in the design section

is minimal. There are numerous check structures located throughout the project that limit scour.

These features and the relatively flat design slopes minimize the scour potential. Features that

inhibit scour and/or long term degradation include the following:

1)

2)

3)

4

)

6)

Bridge and drop structure over the BID canal - This structure (and its associated cutoff walls

and transition) forms a hard point that defines the invert of the protected channel.

96" Palo Verde reclaimed water line - The structure lies approximately 1.5 feet below the
invert of the channel. A concrete cap will be constructed across the channel to minimize the

potential for damage due to scour.

15" sewer line - The structure lies approximately 1.5 feet below the invert of the channel.
A concrete cap will be constructed across the channel to minimize the potential for damage

due to scour.

MC 85 culvert crossing - The proposed 6 - 10° X 6° RCBC and associated cutoff walls form

a hard point to prevent undermining of the structure.

Southern Pacific Railroad culvert crossing - The proposed 6 - 10’ X 6 RCBC and associated

cutoff walls form a hard point to prevent undermining of the structure.

Sloping Drop Structures - There are four drop structures located in segments 1 and 2. These
structures and their associated cutoff walls serve as hard points and minimize the potential

for degradation and/or migration of headcuts.

The potential for lateral migration of Bullard Wash is minimized by the construction of hardbank

channel lining. The toedown of the proposed channel lining will extend below the channel invert

approximately 8 feet.
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The potential of sediment deposition in the channel is very minor. The adjacent agricultural
watershed is composed of fine-grained sandy clay soils (d,; < # 200 mesh) that are easily
transported. The design velocities for the larger storm events are sufficient to transport these soil
particles through the facilities to the Gila River (see HEC-2 analyses in Appendix D). In addition,
the majority of the sediment particles are small enough that they are transported in the wash load
rather than the bed load. Therefore, they tend to remain suspended in the water and are routed to
the Gila River. | - |

The remaining sediment transport concern is for small flows in the channel. These flows are
characterized by wide shallow runoff through the channel. In order to model the potential for
sediment deposition during small flow events, an analysis using the Zeller-Fullerton equation for
sediment transport in sand bed channels was performed. The results of this analysis are found in

Appendix E.

The Zeller-Fullerton analysis shows that the sediment transport capacity of the channel increases
steadily from about 19 cfs in the supply reach upstream of the proposed channel improvements to
26 cfs in segment 1 to 34 cfs in Segment 3. Within the concrete-lined Segment 2, the potential for
deposition is even less because velocities are greater and depths of flow are smaller. In Segment 4,
an analysis was not performed because the entire segment lies within the Gila River floodplain and,
as discussed in the Recommended Alternative section, deposition from Gila River flows can be

expected during major flows in the Gila River.

The reduced velocity may caused some localized deposition, but will not impact the operation of the
flood control system. The project team will investigate opportunities to confine low flows to one
portion of the channel (increase the conveyance). Ultility constraints severely limit the design

alternatives in Segment 3.

DETENTION BASIN ALTERNATIVE

The previously discussed channelization alternatives may be modified by the inclusion of detention
facilities on Bullard Wash upstream of the airport runway and along the local east tributary north
and east of the existing MC85 bridge. The Bullard Wash basin is referred to as Basin 1. The East

Local Tributary basin is referred to as Basin 2. The intent of this concept alternative was to reduce
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the size of channels required to route the flow from Bullard Wash to the Gila River and provide
sediment control. As stated previously, the best reduction of peak discharge, using Basin 1 alone,
results in a local peak discharge of approximately 850 cfs. Therefore, the use of Basin 2 is only
beneficial if Basin 1 is capable of reducing the peak discharge in the main Bullard Wash below 850
cfs. The input model on the disk in Appendix A for Basin 1 on Bullard Wash only reduced the peak
discharge to approximately 1400 cfs. ‘

The basin presented as Basin 1 on Exhibit 4 is essentially the largest practical basin that has been
modeled. Smaller basins will have less of an effect on reducing the peak discharge. This basin is
used for identifying the possible reduction of channel size due to the lower design flow rate and the
cost savings associated with the smaller channel. Based on the results of Basin 1, it appears that
Basin 2 would not provide any additional benefit because the downstream channel of Basin 1 would
be designed for 1400 cfs which is greater than the total peak discharge, 850 cfs, from the East Local
Tributary. As Figure 8 illustrates, the East Local Tributary flow occurs and passes well before the
Bullard Wash peak flow occurs. The detention basins are evaluated by hypothetical basin
characteristics being input into the revised HEC-1 model. This will help determine if a detention
basin can provide adequate or desired results. All assumptions are anticipated to be hydraulically
and hydrologically feasible. The basins will be in-line or "flow through" basins in order to reduce the
number of assumptions to be made and provide the greatest net reduction in peak flow downstream.
The basins were initially modelled as off line basins to try to "skim" the peak of the hydrographs
more efficiently thus reducing the land required. However, this would have required that the Bullard
Wash channel be lined through Segments 1 and 2. Alsb, the net reduction of the peak discharge
downstream was less significant. The basic basin characteristics are an unlined sloped basin bottom,
unlined 4:1 basin sideslopes, basin water surface elevations restricted to the estimated water surface
elevation estimated from the revised ADMS hydraulics for the adjacent wash, multiple outlet pipes
assuming inlet control and all flows into and out of the basin are estimated based on current SCI

revised hydrology and channel alignment assumptions.
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. Approximate cost estimates and general design assumptions are provided in the TDN for the
hypothetical basins. Refer to Table 3 in the conclusion section for a summary of the estimated costs

of Basin 1 and Basin 2. The costs reported for the detention basins in Table 3 include the smaller

outfall channel construction cost. Hydrographs in Figures 8 and 9 associated with the detention

basin operation are found at the end of this section.
The potential advantages associated with the detention basin alternatives are:

1. reduction in peak discharge, therefore, a reduction in channel size, right-of-way,

drainage structure sizes, and overall construction costs of channel;

2. potential groundwater recharge;
3. open space available for multi-use facilities such as parks, recreation; or athletic
fields;
. 4. provides buffer between airport and other potential land uses;
5. defined, effective location for sediment deposition.

The potential disadvantages associated with the detention basin alternatives are:

1. requires very large land area, therefore, increased right-of-way costs for basin area;

2. tremendous quantity of excavation which will require a disposal site;

3. potentially high maintenance cost;

4, requires regular rem?val of sediment;

5. potential for increased bird population due to the sediment deposition and vegetation
‘ growth which may have adverse impact on airport operations;
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‘ ‘ 6. safety concerns due to the flood pool created during runoff events;
7. increased scour potential in downstream channel due to the clear water releases;

8. potential conflict with Superfund environmental cleanup.

gsb/tib:SEP053.60/12278.rpt 59 STANLEY CONSULTANTS, INC.




Discharge (cfs)

BULLARD WASH OUTFALL FEASIBILITY STUDY
HYDROGRAPHS FROM ADMS (REVISED)

3500
3000 f//\\\
2500 / \
2000 / \
1500 //\\, ":‘\
1000 ~
]
} Y
500 A
/j/ \, \\
0 — . r :
0. 500 1000 1500 2000 2500
Time (min)
- Bullard Wash CP335 —— Local Trib. CP336 2 —— Combined CP364A

FIGURE 8




BULLARD WASH OUTFALL FEASIBILITY STUDY
CP335 HYDROGRAPHS FROM ADMS (REVISED)

3500
3000 //\\
2500
3 \
)
= 2000
o
: \
° ™ .
0
0
1000 '

//\/ / / \ \\
500 < e

0

0 500 1000 1500 2000 2500 3000
Time (min)

— Existing CP335 —— Detention Outflow

FIGURE 9




CONCLUSIONS

This section of the report primarily contains documentation and new information pertaining to the
selection of a recommended alternative based on the chosen alternatives. General conclusions of
the individual chosen alternatives have been included in the "pros" and "cons" sections of each
respective alignment and channel configuration alternative presented in previous sections of this
report. The following sections correspond to the specific segments of Bullard Wash. All information
used in the conceptual design and decision process for this report can be found within tlﬁs report,
Volume 1 - Design Concept Report, or in Volume 2 - Technical Data Notebook. The result of this
section will be a singular and continuous recommended alignment location for which to proceed into
the final phase of this design concept report. The discussion of the technical data developed for the
recommended alternative(s) is located in the next section of this report. Technical documentation

and calculations are located in the corresponding Appendices of this report.

A general consideration throughout the Bullard Wash Outfall Feasibility Study was the potential
co-use of the project alignment by the City of Goodyear for recreational facilities or a linear park.
Initial discussions with Goodyear involved the potential for both pedestrian and possibly equestrian
traffic. However, upon the receipt of the City of Goodyear Community Planning Program and City
Center Area Plan, it is evident that there are no plans to provide pedestrian or any other access to
the project corridor. The land use plan contained within the area plan document indicates an open
space or green belt corridor west of the existing Bullard Wash alignment and north of MC85. This
open space corridor does not extend south of MC85 to the Gila River. The Goodyear Area Plan
indicates future light industrial land use for the existing agricultural area south of MC85. The City
of Goodyear has indicated that there is no intention to combine open space or pedestrian access with

the Bullard Wash Outfall project within the study area.

Bullard Wash Segment 1

Segment 1 involves several basic design features and considerations. The first consideration is the
updated airport property line as illustrated in the Airport Master Plan dated July 1986. The original
topographic mapping used for the chosen alternatives displayed a fence line just west of Bullard
Wash which was assumed to be the airport property line. However, upon receipt of the current
Airport Master Plan which includes an Airport Layout Plan, it was found that the actual airport
property line extends southwest from the fence line on the topographic mapping. The additional
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property is intended to be used for a proposed utility runway located parallel to and approximately

1000 feet north of the existing runway.

The proposed runway also has an area associated with it called the Runway Safety Area. This area,
not to be confused with the Clear Zone, prohibits any depressions as well as above ground
obstructions. This area is defined by FAA regulations for specific aircraft and types of landing
instruments. This particular runway requires an area extending from the end of the runway
centerline that is 300 feet wide and 600 feet long. The proposed runway and corresponding safety
area force the proposed channel alignment to be located outside the airport property for
approximately 1000 feet and navigate two additional bends. The proposed channel turns back into
the airport property just outside the safety zone and then makes another turn within the airport
property back to the existing flow path to reduce the amount of required right-of-way. The extent
of the property line and the affects on the alignment location can be seen on Exhibit 5.

The adjusted alignment actually aids in the collection of flow at the upstream end of the study area.
As shown on Exhibit 5, the proposed channel alignment diagonally traverses almost the entire
existing floodplain width. West overbank flows will enter the channel along the northern or
upstream channel bank. The proposed bank lining will protect the channel from inflow scour. The
amount of additional berming to direct flow to the channel will be minimized due to the existing
hydraulic gradients of the adjacent fields. Final hydraulics and floodplain analyses required in the

final design will determine the potential need for additional berming.

Based on the chosen alternatives, there were two potential channel configurations and one potential
alignment location as revised above. However, with the new information contained within the
Airport Layout Plan and the associated Runway Safety Areas, there has been another channel
configuration considered. The use of fully lined channels in the original submittal was intended to
reduce the channel width and conserve land area thought to be required for airport runway
operations. With the new information and as a method of reducing total project costs a composite
channel section was investigated as a potential channel configuration for Segment 1. The composite
section investigated consisted of a total project width of approximately 150 feet which includes
freeboard and 20 foot wide maintenance corridors on both sides of the proposed channel. The

hydraulics for the composite channel are acceptable and are presented in the Recommended
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Alternative section. The cost estimates for the three types of channels are $1,775,600, $2,923,400
and $1,231,800 for the concrete, riprap, and composite section, respectively. The limited amount of
right-of-way, existing and proposed runway encroachments, and the corresponding safety zones were
considered in the decision process. The recommended channel configuration is the composite

channel.

The alternative of utilizing detention basins is not economically beneficial and has several potentially
negative impacts on other facilities in the study area. The initial concept was to reduce the peak
discharge downstream of the basin(s), therefore, reducing all costs associated with the channelization.
The best reduction in peak discharge was from 3200 cfs without detention basins to 1400 cfs with.
The reduced discharge reduces the cost of channelization. However, the total cost of the basin plus
the reduced channel was greater than the total cost of the 100-year channel alone. Table 3 reports
the costs as $12,932,200 for the detention basin with reduced channel option and $6,083,200 for the
100-year channel option without detention basin.. For comparison purposes, the detention basin cost
includes a preliminary composite outfall channel] through Segment 3 and an earth dredged channel
through Segment 4. The number reported above for the 100-year channel combines the concrete
lined channels for Segments 1 and 2, the composite channel for Segment 3, and the earth dredged
channel for Segment 4.

Other problems associated with the detention basin(s) were listed previously in this report.
Potentially adverse impacts to the PGA Superfund Site subunit A groundwater treatment system
might result from the use of detention basin(s). The comments received from the airport and
Superfund review were not supportive of the detention basin alternative(s) for various reasons. The
increase in bird population was a common comment received from airport and the City of Phoenix
personnel. The potential for groundwater affects and contaminated soil disposal were comments
received from Bartholomew Engineering and the City of Phoenix. The preliminary costs reported
above along with the potential problems associated with a detention basin(s) in Segment 1 have

eliminated the detention basin alternative from further consideration.
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Bullard Wash Segment 2

Based on the chosen alternatives, there are two potential channel configurations and two potential
alignment locations. First, upon review of the Airport Layout Plan and the FAA regulations
regarding the type of aircraft and landing instruments for the existing runway, the proposed
Alignment B in Segment 2 would interfere with the Runway Safety Zone and would need to be
routed around the outside limits of this zone. The safety zone is 500 feet wide and 1000 feet long
extending from the centerline of the existing runway. Although the safety zone forces the alignment
location further to the west, lengthens the channel segment, and potentially interferes with the 8"
natural gas line, this does not preclude Alignment B. The original Alignment B represented in the
chosen alternatives is still used for comparison with Alignment A. Alignment A is the recommended
alignment for Segment 2 and the new information regarding the safety zone would only tend to
support the selection by increasing the necessary length of channelization for Alignment B. The

following sections relate the recommendation and several design considerations for Alignment A.

The recommendation was made based on hydraulic and economic comparisons between the two
alignments. The existing wash was forced to make several severe bends to reach the historical
crossing of the railroad and MC85. The bends increased the length thus reducing the longitudinal
slope and increasing sediment deposition potential. These problems associated with the existingwash
were discussed more extensively in the Existing Study Area and Drainage Conditions section of this
report. Alignment B follows the existing wash main channel alignment and is subjected to the bends
and additional length. Alignment A does not contain any bends and lines up with both Segment 1
and Segment 3 providing .the shortest length channel between the segments. The other
channelization associated with Alignment A is a minor collector channel required from the existing
bridge crossings to the proposed channel along the north side of MC85 to convey local tributary flow.
The straight south alignment appears to be the best hydraulic design. However, the costs associated

with existing utilities and the potential use of the existing crossing structures need to be addressed.

The cost estimates prepared for each of the alternatives show that Alignment A is less expensive
than Alignment B. Table 3 reports the costs for the concrete lined section as $2,013,000 and
$3,633,300 for Alignment A and Alignment B, respectively. The difference in cost is attributed to
the difference in lengthsﬂof the two alternatives. Alignment B, approximately 5350 feet, is almost
three times as long as Alignment A, approximately 1800 feet. However, the cost of Alignment B is
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not three times as large as Alignment A. This is primarily because Alignment A involves the
relocation of several major utilities, two new crossing structures, and the local tributary flow collector
channel. Initial response indicated that all utilities can be relocated and that the railroad supports
the project and the location of the recommended alignment. It is anticipated that the cost of
Alignment B could not be reduced and that the cost of Alignment A could not be increased enough

to alter the cost comparison results.

Other important factors in the selection process were the comménts and direction received from the
local jurisdictions represented in the area. Throughout the development of this project there has
been continuous coordination with the City of Phoenix for the Phoenix-Goodyear Municipal Airport,
the Southern Pacific Transportation Company for the railroad, MCDOT for MC85, Bartholomew
Engineering for the Superfund site, and the City of Goodyear. Most of the above parties preferred
the straight south alignment. Only MCDOT had reservations concerning the alignment not following
the existing route. MCDOT, as mentioned previously, currently has plans for a new bridge located
at the existing MC85 bridge. The plans are on hold and waiting for the results of this study. Their
concern involved the bridge replacement and location of the new bridge. However, after discussing
the potential of relocating the new bridge to the proposed location, MCDOT appeared to be
receptive to the best hydraulic solution. The final arrangements and funding for the bridge portion
of this study that need to be addressed are outside the scope of this report. The other parties have
expressed, either by telephone conversations or written review comments, that Alignment A is the
preferred alignment. The reasons for the preferences are not given here. For a detailed report of

the telephone or written comments refer to the Technical Data Notebook.

The concrete lined channel is the recommended channel configuration in Segment 2. Alignment A
has a very steep existing slope and produced undesirable hydraulics in the preliminary analyses of
the concrete lined channel. However, the recommended alternative involving the concrete lined
channel includes three drop structures to reduce the slope and produce subcritical flow with
manageable flow velocities and depths. The original cost estimates for Segment 2 reported in
Table 3 are $2,013,000 and $1,928,500 for the concrete and riprap lined sections,. respectively.
Although the riprap lined channei appears to be less expensive, the concrete lining provides a better
material for constructing the drop structures than the riprap. Also, evidence of available rock in the

near vicinity was not found. Soil cement, as mentioned previously, is also not practical due to the
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natural soils in the area. For maintenance purposes, the concrete lined channel will be the most
efficient and, therefore, require the least amount of maintenance effort. Furthermore, the difference
in the original cost estimates may change because the drop structures, at some increase in cost, will
reduce the required thickness of the concrete from 8" for supercritical flow to 6" for subcritical flow,

for a decrease in cost.

The proposed channel alignment in Segment 2 provides a buffer of about 150 feet from the
IMSALCO aluminum plant. The IMSALCO plant was evaluated as part of the (Phase [
Environmental Assessment) conducted at the District’s request. This assessment did not include any
soil samples along the channel alignment adjacent to IMSALCO and no conclusions were made
regarding the presence of any contamination associated with the IMSALCO plant that would impact
the cost or feasibility of the Bullard Wash Outfall project. The Phase I Environmental Assessment

did, however, recommend that soil tests be performed prior to design.

The East Local Tributary flow will be conveyed to the main channel via a collector channel placed
on the north side of MC85. The design flow rate is 850 cfs and arrives from two drainage channels.
The collector channel will be concrete lined producing subcritical flow and manageable flow
velocities and depths. The collector channel will collect flow just upstream of the existing railroad
and MCB8S5 bridges. The collector channel will enter the main channel approximately 3 feet above
the main channel flow line. This drop into the main channel will help ensure that larger flows are
not allowed to back up into the lateral channel from the main channel. As mentioned previously,
the two estimated hydrograph peaks do not occur at the same time. Refer to the existing condition
section of this report for a descripfion of the local tributary inflow. The HEC-2 models for both the

main channel and the collector channel are located in Appendix D.

The existing EPA Superfund groundwater remediation effort has various facilities located throughout
Segments 1 and 2. Information regarding the Superfund operations was received on January 27,
1995 and March 20, 1995 and is provided in the TDN. The recommended alignment is located near
the far southwest corner of the airport where the Superfund activities are a minimum. The effects
of the channelization of Bullard Wash are unlikely to impact the existing groundwater tables in the
area. The alternative detention basins analyzed in Segment 1 were the primary concern of the City

of Phoenix and Bartholomew Engineering regarding the Superfund operations. The alternative of

gsb/tib:SEP053.60/12278.rpt 67 STANLEY CONSULTANTS, INC.




detention basins in Segment 1 has been eliminated for reasons stated in the previous section.
Locations of wells and piping associated with the Superfund site have been reflected on the
Recommended Alternative Exhibit 5. Several wells are in close proximity to both the main channel
and the collector channel. Precise survey is recommended to locate the wells prior to final design.
A thorough review by the responsible Superfund personnel will be necessary at all stages of the

development and design of the project.

Bullard Wash Segment 3

Based on the chosen alternatives, there are four potential channel configurations and three potential
alignment locations. Alignment A and B are approximately the same alignment but recognize
different design constraints within Segment 3. Alignment C provided the one alternative which was
located at the low point of the existing Bullard Wash channel. Alignment Cis not preferred because
the hydraulic concerns encountered along the west side of Estrella Parkway. The preliminary profile
of existing ground and preliminary hydraulic grades of the alternative channel indicated that a very
wide channel section would be required in this reach, approximately 150 feet for the concrete
channel and 600 feet for the earth channel. Also, the property adjacent to Estrella Parkway will
most likely be the frontage property of future light industrial development. A major channel along
Estrella Parkway would be an obstacle to the future land development of this area. Continuing the
channel further to the west only increases the length and therefore the costs of the channel
Alignment C is eliminated based on hydraulic inefficiency, high costs, and the potential to hinder
future development along Estrella Parkway.

An alignment in the vicinity of Alignments A and B has been delineated as the recommended
alignment. Actually, due to the Segment 2 alignment adjustment for the potential hazardous soil
contamination, Alignment A is essentially the recommendéd alignment. This is the shortest route
to the Bullard Wash outfall in the Gila River. The proposed alignment avoids the major utilities in
the area including the transmission towers, sewer line and water re-use line and manholes, small
utility poles, and various irrigation facilities. Alignment A and the recommended alignment in
Segment 2 form a continuous channel without the need for a bend. The alignment has a slight bend
just upstream of the BID canal to cross the canal at 90 degrees and connect with the recommended

alignment in Segment 4. Alignment A also meets an existing low point in the south bank of the BID
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canal believed to be a historical overflow point. This low point provides an excellent location at

which to enter the Gila River floodplain.

The potential channel configurations included an earth lined channel, a composite channel, a
concrete lined channel and a grouted riprap lined channel. The earth channel was eliminated based
on the type of soil in the area and the anticipated flow velocities in the channel. Also, the earth
channel was very wide and therefore increased the amount of right-of-way required and added length
to the crossing structures and utility relocation and/or protection efforts. The cost comparison in
Table 3 shows the earth lined section and the composite section to be essentially the same, however,

the geometry and hydraulics of the composite channel are more stable.

The grouted riprap section was eliminated based on the availability of rock in the area and the width
of the channel section. The riprap lined channel was potentially wider than the composite section

and much more expensive than the other alternatives.

The concrete channel was eliminated based on economic comparisons. Table 3 reports the costs for
Segment 3 as $ 2,944,100 and $ 2,084,000 for the concrete lined channel and the composite channel,
respectively. Also, the aesthetics of a composite section are typically more favorable to the general
public than a concrete lined section. The composite section produces manageable flow velocities and
depths considering the predominant soil characteristics in the study area. Actually, it appears that
a slightly degrading flow condition for the channel is preferred based on the potential sediment
deposition. The potential for scour and erosion are reduced in this area because of the location of
several defined "hard points". The BID canal, the Palo Verde pipeline, the City of Goodyear sewer,
and the MC85 culvert will be protected and thus provide channel bottom stability in Segment 3.
Based on the economic and hydraulic comparisons above, the recommended channel configuration

in Segment 3 is the composite section.

Bullard Wash Segment 4 »

There is only one potential alignment in Segment 4 corresponding to the recommended alignment
in Segment 3. The basic channel alignment extends the proposed channel from the end of Segment
3 and downstream of the drop structure approximately 1000 feet into the Gila River. The proposed

wash channel is essentially perpendicular to the BID canal. Segment 4 lies entirely within the 100-
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year Gila River floodplain limit and has a portion within the 100-year floodway limit. The proposed
outfall ends outside the Corps 404 Waters of the U.S. limit. Refer to Exhibit 5 Sheet 1 of 2 for the

recommended alignment location and the jurisdictional limits in Segment 4.

The proposed channel is an earth lined channel designed for the 100-year design dis.charge. The
existing land profile indicates several localized low points and uneven terrain which will require fill
material up to at least the 100-year Bullard Wash flow depth. The channel banks may require
considerable maintenance due to the Gila River flows and potentially erosive Bullard Wash flow
velocities. The Segment 4 channel will require the greatest maintenance consideration due to the
sediment load anticipated in Bullard Wash and the location within the Gila River floodplain.
Concrete, or other permanent lining is not recommended based on the potential of Gila River flood
flows to undermine or destroy the channel. The costs associated with permanent lining in Segment

4 are not considered acceptable, if subject to overflow and damage by Gila River flooding,

Provisions are recommended to protect the proposed Segment 4 channel from overbank flows in the
Gila River by placing fill on both sides of the channel. A potential benefit could be achieved for
both the District and BID if the excavated material from the channelization could be placed along
the Segment 4 channel. The fill would not only protect the proposed channel but also provide BID
with necessary fill material to help elevate the land out of the 100-year Gila River floodplain.
Placing fill in Segment 4 provides the District with a suitable disposal site for excavated earth. These
options should be addressed by BID personnel and District staff and do not dictate the feasibility
of this project. All cost estimates assume a 100 foot wide fill area along both sides of the Segment
4 channel. This concept is developed a little further in the Recommended Alternative section of this

report.

Access in Segment 4 was mentioned by BID as a potential problem. A system of fences and/or gates
along the proposed Bullard Wash channel will be utilized to restrict access to the adjacent lands.
The drop structure at the downstream side of the canal overchute will prevent access between
Segment 3 and Segment 4 within the proposed channel. The access allowed from the canal roads
and farm roads in the study area will need to be determined by the individual user. The District has
considered not fencing the entire project. However, fencing is typically used for flood control

projects and will need to be addressed in the final design of this project. At this time and for the

gsb/tib:SEP053.60/12278.1pt 70 STANLEY CONSULTANTS, INC.




purpose of developing cost estimates, it is assumed that there will be fencing along the length of the

project and gates will be installed at each major access point.

Southern Pacific Railroad and MC85 Crossings

The recommended alignment for Segment 2 requires new crossing structures to be constructed for
the railroad and MC85. The location is pre-determined by the alignment location illustrated on
Exhibit 5 Sheet 1 of 2. There are two potential structures considered for the railroad crossing. The
first structure is a trestle bridge similar to the existing major bridge on the main channel and other
wash crossings in the area. The second is a muitiple barrel concrete box culvert structurally capable
of railroad loading. The recommended crossing is a multi-barrel concrete box culvert. It is
anticipated that the cost associated with the railroad culvert would be significantly less than with the
railroad bridge as is typically the case with highway culverts and bridges. The estimated unit costs
are $75 and $45 per square foot for the bridge and culvert, respectively. The total costs are $100,500
and $61,200 for the bridge and culvert, respectively. This recommendation is contingent upon the
acceptance by the railroad for a culvert structure as opposed to a standard railroad trestle bridge.
If the culvert alternative is not acceptable, there is sufficient depth available to construct the standard
trestle bridge. The culvert structure consists of six 10 foot wide by 6 foot high reinforced concrete
box culverts. Upstream of the railroad crossing is a fully lined proposed channel section. The MC85
crossing is located approximately 150 feet downstream of the railroad crossing. The channel between
the crossings is also fully lined. There would be approximately 5 feet of fill placed on top of the

railroad culvert based on the proposed channel grade.

The MCS8S5 crossing also has two alternatives to be considered for the crossing. The first alternative
is a pre-cast standard girder bridge and the second is a multiple barrel concrete box culvert. The
recommended crossing for MC85 is the concrete box culvert. There are two reasons for this
recommendation. First, the cost of a culvert is significantly lower than for a bridge. And secondly,
the bridge would require MC8S5 to be raised above its existing profile elevation to accommodate the
bridge girders. The estimated unit costs are $50 and $25 per square foot for the bridge and culvert,
respectively. The total costs are $247,900 and $127,700 for the bridge and culvert, respectively. The
costs associated with the roadway improvements required for the bridge alternative are not included
in the above cost comparison. The preliminary bridge plans received from MCDOT indicate that

MC85 was to be raised approximately 8 feet. The bridge alternative for this study would raise the
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roadway approximately 3 feet. The culvert structure consists of six 10 foot wide by 6 foot high
reinforced concrete box culvert barrels. The channel upstream of the culvert will be fully lined.
Downstream, the proposed channel section is a composite section. It will require a fully lined
section for approximately 25 feet downstream of the culvert. The box culvert alternative will not

require raising the existing roadway profile.

Buckeye Irrigation District Canal

The recommended crossing structure for the BID canal is a' clear span slab bridge. Through
discussions with the Buckeye Irrigation District, it is evident that a clear span slab bridge best
accommodates their maintenance concerns. The invert of the 42" CMP overchute suspended from
the Estrella Parkway bridge is the lowest acceptable elevation above the canal flow line. This
criteria, in conjunction with the proposed Bullard Wash channel flow line and existing ground
elevations, precludes the use of pre-cast standard concrete girders for bridge design. The girders

were too deep and did not allow the necessary head room.

The multiple barrel concrete box culvert alternative provided the most head room but required two
vertical walls to be in the canal. The canal receives flows from the Gila River which, at times,
produces significant sediment load and debris. The maintenance problems associated with the
vertical walls and the potentially debris and sediment laden water caused concern. One solution to
the debris problem is to place a trash rack upstream of the culvert structure. However, the BID
stated that this was not a preferred alternative unless the trash rack had a mechanical automated
trash rake. Preliminary cost estimates and the required maintenance and operation of an automated
trash rake appeaf to exceed the existing effort required for the BID canal operation. A preliminary
cost estimate received for the trash rack and automated rake, not including the concrete structure
to contain the machinery or other necessary improvements, was $93,000. The total cost of a clear
span slab bridge is less than the total cost of a multiple barrel box culvert with an automated trash

rack. Refer to Appendix F for the quantity and cost estimate.

The clear span slab bridge provides the desired head room without the vertical wall obstructions of
the culvert. The slab thickness will be on the order of 24". The underside of the slab bridge would
not only be higher in elevation than the bottom of the existing 42" CMP overchute at the Estrella

Parkway bridge but would also provide more vertical headroom in relation to the canal water surface
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than at the 42" CMP. The top of the bridge deck will serve as the bottom of the Bullard Wash
channel. The abutments of the bridge will be vertical concrete walls and serve as the sides of the
canal. The canal bottom will be lined with reinforced concrete to support and facilitate the use of
maintenance vehicles. Additional channel protection within the canal approximately 25 feet
upstream and downstream will be required at both ends of the bridge. Preliminary HEC-2 runs for
the existing and proposed canal conditions are located in the TDN. The slab bridge overchute may
need to be designed to accommodate maintenance access by BID maintenance crews. The Bullard
Wash flows will be contained by vertical retaining walls on top of the bridge siab approximately 6
feet high. The maintenance access for the canal could utilize the slab bridge itself. Preliminary slab

bridge structural calculations are included in Appendix E.

On the downstream side of the canal there will be a drop structure. The structure will consist of a
vertical concrete drop or a steep slope concrete drop. The total height of the drop will be
approximately 3 feet. An energy dissipation structure, such as the baffle chute drop in Photo #11,
is not required because of the drop height. The Segment 4 channel will begin downstream of this
drop. The canal bridge crossing and drop structure will require structural design in the final design

of this project.

Utilities

The relocation and/or pfotection of utilities comprises a significant portion of the effort for this
project. All the major utilities listed previously have been iﬂvestigated and approximate procedures
for relocating or protecting them have been obtained from the utility companies directly. The
discussion on utility relocation and/or protection is preliminary and conceptual in nature. Pot-holing
of underground utilities has not been initiated. A vertical measure-down and confirmation of
elevation for the 96" diameter Palo Verde water re-use line and Goodyear 15" sewer line have been
done. The costs associated with utility relocation and/or protection are generated from the utility
companies preliminary estimates. The major utilities which require a significant effort or cost to
relocate and/or protect are described below. Those utilities not included below are easily relocated
at relativer low cost. All utility relocation cost estimates are included in either the TDN or

Appendix F for the Chosen Alternatives or Recommended Alternative, respectively.
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The 12" and 20" Santa Fe Pacific petroleum pipelines are major utility relocations and are relatively
difficult to relocate. It is possible to relocate the lines but the associated costs are high. The 12"
line is not currently in use and is filled with a stationary substitute fluid. The 20" line is in use and
will require expensive procedures for the line to be interrupted and relocated. Angled bends must
be used to go under the proposed channel as the depth of relocation is too great to under-excavate
and relax the pipe. The proposed main channel alignment and configuration requires the petroleum
lines to be relocated for approximately 2@0 feet. The East Local Tributary collector channel does

not cross the lines.

The City of Goodyear gravity sewer along Broadway Road will be capped or encased with concrete.
The proposed channel flow line is approximately 1.5 feet above the top of pipe. Survey shots of the
~ manholes were obtained to verify as-built information. The manholes are avoided by the proposed
channel alignment. The extent of the cap or encasement of the sewer will be completed in the final

design phase of this project and approved by the City of Goodyear.

The 8" El Paso natural gas high pressure line crosses both the main Bullard Wash channel and the
East Local Tributary collector channel. There is also a potential conflict with the horizontal location
of the natural gas line with respect to the collector channel. The natural gas line runs parallel to and
just south of the collector channel. Based on the utility maps, it appears that the collector channel
can be constructed without a lateral relocation of the natural gas line. Refer to Exhibit 5 Sheet 1
of 2 for the location of the collector channel and proximity of the natural gas line. The procedure
for vertical relocation of the natural gas line is relatively simple and inexpensive. Standard 45°r 90°
bends can be installed to accommodate necessary vertical clearance. The length of the relocation
is dependént on the existing depth of the natural gas line and the crossing locations of the channels.

Pothole locations of this natural gas line are recommended prior to design.

The 96" diameter Palo Verde water re-use line will be encased with reinforced concrete. The APS
and Palo Verde personnel have informed us that the desired minimum cover is 4 feet for ordinary
crossings. However, at this depth, the project would require a very wide channel crossing and would
increase costs dramatically. Subsequent telephone conversations have defined an alternative
minimum depth if encasement is provided. Based on the information provided about other current

encasement of the pipe, the proposed channel flow line is set approximately 1.5 feet above the top

gsb/tlb:SEPO53.60/12278.rpt 74 STANLEY CONSULTANTS, INC. ~




of pipe. This will allow for either a 12" encasement with a 6" reinforced concrete lined channel
bottom over the top of the pipe or an 18" encasement with the channel bottom lined from the pipe
encasement upstream and downstream. Toe downs designed at the upstream edge of the lined
section will prevent scour from impacting the pipe. The proposed flow line and top of pipe will be

reviewed by APS and comments will be addressed in the final design of this project.

Irrigation Facilities

The existing irrigation tailwater flows in the Bullard Wash main channel will need to be separated
from flood flows. The separation of irrigation flows is necessary to maintain the existing irrigation
practices south of MC85 and to remove constant nuisance flow from the flood control channel. In
Segment 1, the low flow channel will most likely be at the same grade as the main channel and
located within the main channel banks. There is an existing low flow turnout just downstream from
the end of Segment 1 and near the upstream end of Segment 2. At this approximate location, the
low flow/irrigation tailwater channel will begin separation from the proposed Bullard Wash channel
by grade as well. The low flow/tailwater channel will require a turn-out structure to separate it from
the flood control channel. In Segment 2, the low flow/tailwater channel will be on the west side of

and parallel to the main flood control channel.

The irrigation flows will need to cross the railroad and MC85 through a different structure than the
main channel. The size and type of structure will be determined by the maximum desired irrigation
flow based on input from local land users. A 36" diameter pipe is the size anticipated for the
irrigation flows. Any excess flows which may enter the irrigation channel at the turn-out structure
will be hydraulically restricted by the crossing structure under the railroad and MC85 and will
overflow back to the main channel. South of MC85, the irrigation flows will return to the existing

irrigation ditch and be conveyed to the west.

Irrigation tailwater flows also enter the study area via the East Local Tributary. These flows
currently cross the railroad and MC85 at the existing major bridge structures and enter an existing
tailwater sump south of MC85. These flows will be maintained and controlled in a manner similar
to the main channel irrigation flows. A control structure in conjunction with a crossing structure will
be used to deliver the desired maximum flow to the sump. Again, the amount of flow required will

be determined through input by the local land users. Flows in excess of the desired maximum will
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continue west in the East Local Tributary collector channel and enter the main channel. The intent
of the irrigation channels and control structures is to maintain the existing irrigation practices by
providing the desired amount of tailwater and, at the same time, to limit the amount of drainage or
flood flows entering the irrigation system. The capacity and design of the irrigation channels and
corresponding control structures for both the main channel and the local tributary will need to be

investigated further in the final design.

The extensive irrigation facilities that exist in Segment 3 will be impacted by the proposed channel.
There are seven existing irrigation ditches that cross the proposed alignment. Among them are an
existing tailwater ditch from the irrigation sump to the existing Bullard Wash and low flow
confluence just south of MC8S5, two minor tailwater ditches that drain local fields and are located
north of the east-west farm roads, one major tailwater ditch that drains several local fields and is
located just north of the BID canal, and three concrete-lined supply ditches that are located on the
south side of the farm roads and provide water to mulitiple fields. In general, irrigation occurs from

north to south and from east to west through the study area.

The excess irrigation flows which enter the existing sump from the East Local Tributary will outlet
to the proposed Bullard Wash channel instead of continuing to the west. This will eliminate the
tailwater ditch between the sump and the existing confluence. This is anticipated to be acceptable
based on the current use and availability of tailwater in Segment 3. The irrigation tailwater which
arrives from the East Local Tributary can either be stored in the sump and used for irrigation
purposes or, when the sump is full, bypassed to the proposed Bullard Wash channel. The irrigation
flows separated from the Bullard Wash channel in Segments 1 and 2 will continue to the west for
irrigation of the fields located west of Estrella Parkway. If the tailwater arriving from the East Local
Tributary is necessary for the irrigation practices west of Estrella Parkway, then either an inverted
siphon or a pump must be used to convey the water under the proposed channel and back to the
existing ditch. An inverted siphon may not be desirable due to the sediment load typically carried

in the tailwater.

The tailwater ditches are earth cut and relatively shallow. Irrigation practices in this area basically
flood the fields and, ideally, there would be no tailwater runoff to disposed of. The occasional

tailwater runoff will be conveyed to the BID canal via a small tailwater collector channel located
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along the east side of the proposed Bullard Wash channel. The collector channel will cross several
farm roads and the BID canal maintenance road by pipe culverts. Excess tailwater and storm runoff
that exceed the capacity of the collector channel will overflow the collector channel and enter the

proposed Segment 3 channel north of the BID canal.

The supply ditches in Segment 3 provide water for the irrigation of multiple fields throughout the
area and can not be removed. There are three supply ditches which will require inverted siphons
to convey the water under the proposed Bullard Wash channel and connect to the west. The
southern-most supply ditch of the three only supplies one field. If the operation and maintenance
of an inverted siphon is overly difficult, then that field could be supplied from the next supply ditch
to the north, thus, eliminating one inverted siphon. The design and implementation of the inverted
siphons will need to be addressed in the final design of this project. Irrigation practices may change
throughout the seasons and years. For the final design of this project, coordination with the current

land user will be required.

RECOMMENDED ALTERNATIVE

The purpose of this section is to provide technical documentation supporting the alternative and
alignment recommended in the previous section. Preliminary design calculations are presented in
Appendix E of this report. Individual segments of Bullard Wash now form a continuous
recommended alignment through the study area. The recommended alignment plan view and profile
are illustrated in Exhibit 5 - Sheets 1 and 2 of 2 at the end of this section. Table 4, at the end of
this section, contains the summary costs for each segment and the total project cost representing the
entire recommended alternative. Appendix F contains quantity and cost estimate calculations for

the recommended alternative.

General

The U.S. Anny Corps_of Engineers’ computer program HEC-2 (September 1990 version, as
implemented by the Boss Corporation, version 3.10) was used for hydraulic modeling of the Bullard
Wash Outfall channel. The development of the conceptual channel design was based on 1" = 400°
topographic mapping with 2-foot contour intervals. The mapping was prepared for the Flood
Control District of Maricopa County (District) by Cooper Aerial of Phoenix, Inc., flight date

December 22, 1989. Cross sections were taken from the topographic digital terrain model and input
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into the HEC-2 model. The channel was modeled using channel improvement cards (CI) to aid in

the optimization of channel geometry and to estimate cut and fill quantities for the project.

The 100-year flow of 3200 cfs was input into the hydraulic model. The starting water surface
elevation in the HEC-2 model corresponded to the 10-year water surface elevation in the Gila River.
The hydraulic capacity of the proposed channel was also evaluated for the 10-year channel flow (Q
= 1400 cfs) with a starting water surface corresponding to the 100-year water surface elevation- in
the Gila River. The 10- and 100-year Gila River flows correspoﬁding to the 10- and 100-year water
surface elevations are 95,000 cfs and 250,000 cfs, respectively. Flow rates and water surface elevation
information for the Gila River were obtained from the FEMA Flood Insurance Study, Maricopa
County, Arizona and INCORPORATED Areas, by Dames and Moore, revised December 3, 1993. The
vertical datum of the Dames and Moore Study is thought to be 1929 NGVD. However, no

benchmark data was available for this study so it was not possible to confirm this.

Manning’s "n" values were selected using the Maricopa County Flood Control District’s Drainage
Design Manual: Hydraulics as a guide. For concrete lined channel reaches, a Manning’s "n" value
of 0.019 was used; for earth lined channels, a value of 0.035 was used. For this analysis, composite
channel sections were modeled using a Manning’s "n" value of 0.025. These values may be further

refined during the final design.

Sloping drop structures presented in this report consist of a concrete approach slab, a 1:1 sloping
drop, and a concrete stilling basin below the drop to induce the hydraulic jump and prevent the

development of local scour. See Figure 10 for an illustration of the sloping drop structure geometry.

The channel was designed as an incised channel, as it will be collecting lateral inflows at various
locations along its length. At several places, where the natural ground is characterized by local low
spots, some fill may be required up to a maximum height of 2.5 feet in order to meet the District’s

freeboard requirements.

The channel profile was determined based in part on freeboard requirements as defined in the
District’s Drainage Design Manual. Additionally, the channel was designed to flow in the subcritical

flow regime with a Froude number less than 0.85, per District requirements.
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The exact channel geometry and longitudinal slope will need to be refined during the final design
process. It is recommended that new 1-foot contour interval topographic mapping be acquired for
final design. This will enable the designer to identify local areas that réquire fill or to adjust the
design to accommodate freeboard requirements. The following paragraphs describe the alternatives

considered for each segment and provide engineering analysis to support the recommended concept.

Bullard Wash Segment 1

Segment 1, from Lower Buckeye Road to the end of the Phoenix-Goodyear Airport runway, is
recommended to be a composite cross-section with an earth bottom and concrete banks. The
channel bottom width varies from 85 feet upstream of section 9870 to 55 feet downstream of section
9570, and the longitudinal slope is 0.0017 ft/ft. At the upstream end of the project, the banks will
be feathered out to match the existing ground. See Figure 11 for an illustration of the typical
Segment 1 channel geometry.

Although the composite channel is recommended, a fully concrete-lined channel was also considered.
The full concrete lining was originally proposed in the Design Concept Report for Chosen Alternatives
in order to minimize the channel width near the airport runway clear zone. Since then, the channel
alignment was moved further west, away from the airport, and the channel width restriction is no
longer the major design constraint. Construction cost is now the major constraint, and is significantly

reduced by using the composite section as opposed to the concrete section.

Due to the lack of nearby suitable native material, soil cement may not be feasible material for the
hard banks of the composite section. Results of a "Mechanical Analysis of Soil and Aggregate" by
Speedie and Associates dated 1/13/95 indicate that there is a high percentage of fine material
(greater than 75 percent passing the #200 sieve) in all reaches of the proposed channel. There does
not appear to be enough sand or larger aggregate present to result in a cost-effective use of soil
cement. The results of the soil analysis can be found in Appendix E. Also, due to the lack of a
nearby source of stone, riprap lining would be prohibitively expensive. Therefore, concrete lining
is recommended for bank protection.. However, this assumption should be reviewed prior to final

design. The concept is workable with any of these materials.
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A drop structure is required at the upstream end of the project where the natural ground transitions
into the incised channel. The drop structure serves as a hard point to prevent upstream headcutting
of the channel and to dissipate energy as the flow in Bullard Wash falls approximately 7 feet as it
enters the channel. It also provides upstream property owners the opportunity to extend the

channelization in the future.

Although the channel profile has been set véfith the goal of maintaining a minimum freeboard of one
foot, fill is necessary at some isolated locations where there is a low spot in the natural ground. In
those cases where the fill extends beyond the purchased channel right-of-way, temporary construction
easements may be required. At these locations, the fill will be tied into the natural ground such that

lateral flows are directed to the channel. The existing drainage patterns will not be changed.

The hard bank toedown depth for Segment 1 was calculated as 6 feet, with exceptions as discussed
in the following sentences. Between cross sections 10170 and 11323, a west bank toedown depth of -
approximately 12 feet is recommended due to lateral inflows entering the channel from the west.
Along the east (outside) bank of the 300-foot-radius curve at approximately Section 11275, a
toedown depth of 9 feet is recommended as protection against bend scour. Calculations supporting

these toedown depth recommendations can be found in Appendix E.

Another consideration in the design of the channel in Segment 1 is the conveyance of irrigation
tailwater flows from upstream and adjacent fields. Presently, these flows are carried by a small ditch.
A separate tailwater ditch to the west of the proposed channel was considered as a possible way to
carry these flows. This concept was eliminated from further consideration because the steep slopes

would require excessive earthwork or special hydraulic structures.

After large storm events, maintenance can be reduced by combining the tailwater channel within the
main channel. Itis therefore recommended that tailwater flows be carried by a typical concrete lined
low flow ditch (see Exhibit 2) within the Bullard Wash channel at the toe of the west bank. This low
flow channel should be sized to carry the same quantity of flow as the existing irrigation ditches. The
tailwater flows will be carried into Segment 2, where they will be diverted out of the channel, as
discussed in the following section. Maintenance access into the channel in Segment 1 would need

to be provided by down-ramps.
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Bullard Wash Segment 2

Segment 2 is mainly characterized by a steep natural ground gradient just north of the Southern
Pacific Railroad tracks. In order to maintain a subcritical flow regime in the channel, drop structures
are proposed within this reach. Between the drop structures, the channel is characterized by a slope
of 0.0017 ft/ft, a bottom width of 55 feet (widening to 65 feet just north of the Southern Pacific
Railroad tracks), and concrete lining. See Figure 12 for an illustration of the typical Segment 2

geometry.

Two drop structure options were considered for this reach. One is a two-drop option that would
require drop structure heights of approximately 7.5 feet. The other is a three-drop option that would
require drop structure heights of approximately 5 feet. As a general guideline, drop structures less
than 6 feet in height are proposed wherever possible for public safety reasons. Therefore, the three
drop structure option is recommended for Segment 2 of Bullard Wash. These concrete drop
structures are the "sloping drop" type of structure (see Figure 10), with concrete stilling basins to

induce a hydraulic jump and minimize scour.

Drop structure stilling basins in Bullard Wash can be drained by using several design options. These

options are described in the following paragraphs and are illustrated in Figure 10.

1) Design the stilling basin bottom simply as an extension of the downstream channel, rather
than being depressed one or two feet below the adjacent channel bottom. The stilling basin
sill would consist of a concrete baffle structure proiruding one or two feet above the channel
bottom. A notch approximately one foot in width would be provided near the center of the
channel to provide a direct outlet for water upstream of the baffle structure. Since the
stilling basin is an extension of the channel bottom, it would be sloped to drain towards these

notches in the baffle structure.
2) Use a baffle structure-type stilling basin sill as described in Item 1, but instead of a notch,

provide a nuisance drain pipe extending form the stilling basin bottom to the downstream

channel.
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3) Eliminate the stilling basin entirely. Stilling basins are normally provided to control the
location of the hydraulic jump. This is necessary when the downstream channel is totally or
partially unlined to ensure that the high-velocity supercritical flow areas stays within the lined
reach. In this case, however, the entire Segment 2 is lined. Therefore, there is no scour
concern if the hydraulic jump extends further downstream than would otherwise occur with

a stilling basin in place.

All of the above stilling basin options are feasible, but must be analyzed further in the final design

phase before selecting a design alternative.

Although flow is subcritical between the drop structures, full concrete lining is recommended for this
entire reach, specifically, between cross section 6865.9 and cross section 8100, to prevent scour and

undermining of the drop structures.

A low flow diversion structure will be required for irrigation tailwater. It will consist of a vertical
dam within the low flow channel, with a 36" pipeline inlet into which the low flows will enter. The
36" pipeline carries the irrigation tailwater flow to a proposed open ditch just west of the Bullard
Wash channel. This ditch then carries flows southward to the Southern Pacific railroad where a 36"
CMP enables flows to pass under the railroad. A similar structure also passes flows under MC8S5.
The irrigation tailwater then flows into an existing irrigation ditch just south of MC85 and just west

of the proposed Bullard Wash channel in Segment 3.

Just north of the Southern Pacific railroad tracks, a collector channel (capacity of 850 cfs) enters the
Bullard Wash channel from the East Local Tributary. This proposed channel is concrete lined and
carries runoff from the Phoenix-Goodyear Airport as well as from land east of the airport and north
of the railroad tracks. The channel has an 8-foot bottom width and 2:1 side slopes. The channel
extends approximately 2400 feet from the main channel to the existing Bullard Wash crossing of the

Southern Pacific Railroad tracks. See Figure 13 for an illustration of the collector channel geometry.

The east bank of the proposed Bullard Wash channel is notched to accommodate the collector
channel inflow. The collector channel flow line at the notch is approximately three feet above the

main channel flow line, providing a small drop for the lateral inflows. Another drop structure is
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proposed at the upstream end of the lateral channel where overland flows transition into the incised
channel. This drop is six feet in height and is a sloping drop similar to the others along the main
channel. Upstream of the proposed drop structure, the channel bottom is unlined and is feathered

to match natural ground approximately 200 feet upstream of the drop.

Guide dikes or berms are proposed to direct overland flows upstream of this drop structure into the
collector channel. These guide dikes extend from the top of the drop structure for a distance of
approximately 200 feet and are approximately three feet in height. The recommended alignment of
the north dike is a curved, quarter-ellipse shape per Arizona Department of Transportation spur dike
standards. The recommended alignment of the south dike is parallel to the Southern Pacific
Railroad tracks. The upstream end of the dike ties in to the railroad embankment to ensure that

all flow along the embankment is directed into the channel.

At the Southern Pacific Railroad tracks, either a box culvert or a trestle bridge could be used. In
the HEC-2 file, a 6-barrel 10’ x 6’ box culvert is modeled, providing a 100-year crossing with
approximately 3.5 feet of freeboard to the top of the proposed channel lining. The box culvert
model is the hydraulically worst case scenario. The standard trestle provides more conveyance and
thus more freeboard than the box culvert. The box culvert is the recommended option because of
cost savings. However, input and approval from Southern Pacific Railroad is required prior to the

final design. The box culvert would be designed to support heavy loads due to the railroad.

A box culvert is recommended for the MC85 crossing of Bullard Wash. The proposed box culvert
is a 6-barrel 10’ x 6° RCBC, which allows approximately 1 foot of freeboard at the roadway and
matches the 65-foot upstream channel bottom width. The 6-foot high RCBC was selected because
it produced no impact to the existing MC85 roadway profile.

As in Segment 1, fill is necessary at some isolated locations where there is a low spot in the adjacent
_ natural ground. Due to the use of drop structures, maintenance access into the channels in
Segment 2 would need to be provided by down-ramps from the adjoining maintenance roads. Access
also needs to be provided to the proposed irrigation low flow channel and airport property between

the proposed Bullard Wash channel and the IMSALCO property.
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Bullard Wash Segment 3

The profile of Segment 3 of the Bullard Wash Outfall channel was largely detehnined by utility
constraints. Specifically, two underground pipe utilities cross the channel alignment within Segment
3. One is the City of Goodyear 15" diameter sewer line and the other a 96" diameter reclaimed
water pipeline for the Palo Verde Nuclear Power Generating Station. The presence of these
pipelines sets a minimum elevation for the channel flow line at both locations. A cover depth of 1.5
feet was allowed over the top of pipe in both cases. The 96" line is approximately 250 feet north_ of

the BID Canal and the 15" line is located in the Broadway Road alignment.

In addition to these constraints, the box culvert at MC85 imposed a maximum channel flow line
elevation, since a major goal in setting the channel profile was to minimize the impact to the MC85
roadway at the culvert crossing. The Southern Pacific Railroad crossing, on the other hand, did not
impose a restriction on the channel profile, as the railroad track elevation is 3.5 feet higher than the
MCS85 pavement elevation. As a result of these constraints, the channel longitudinal slope is 0.0017
ft/ft.

Two channel lining options were considered for this segment of the channel: 1) a composite lining
and 2) a concrete lining. Option 1, the composite lining, consists of an 85-foot wide earth bottom
with 2:1 concrete sides. The depth of the channel ranges from 5 to 6 feet. Additional protection
is necessary just upstream of the BID canal where overland flows from the east will enter the

channel.

Option 2, the concrete lining, consists of a fully-lined channel section, with a 65-foot bottom width

and 2:1 side slopes. The channel depth is the same as the composite lining option.

The composite channel lining option is recommended because scour is not a major concern in this
reach of the channel. See Figure 14 for an illustration of the typical Segment 3 channel geometry.
The presence of the "hard points" in the channel, including the box culverts at MC8S5, the pipeline
crossings, and the BID canal crossing, reduce the likelihood of significant scour in the channel. The

resulting cost savings is also significant compared to the concrete lining option.
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In general, a minimum hard bank toedown depth of 6 feet is recommended for Segment 3. This
value is based on examination of low flow channel incisement and bed form scour. Toedown

calculations are provided in Appendix E.

Just north of the BID canal near cross section 2730, local inflow from the east will neéd to enter the
channel. Refer to Figure 16 for profiles of the east channel bank and the water surface near cross
section 2730. In that figure, a dip in the natural ground profile can be seen. At this location, the
east bank of the channel must be notched for approximately 200 feet to accommodate the local
inflow, meaning that no freeboard is provided. In this notched reach, an additional toedown depth
corresponding to the depth of the notch is recommended. Placement of fill along the east bank at
this location is recommended to provide additional freeboard as long as the notch is provided to
allow lateral flows to enter the channel. Continuous fill along the west bank to provide one foot of

freeboard within this reach of the channel is recommended.

The local inflow to Segment 3 at this location occurs from drainage sub-basins 364 and 365 of the
White Tanks/Agua Fria ADMS. The 100-year discharge from these areas is estimated at
approximately 800 cfs. This local drainage should be analyzed in more detail in final design.

At the BID canal, two crossing options were considered. The first is a 3-barrel 10’ x 10’ box culvert
to carry canal flows. Bullard Wash channel flows would pass over the top of the box culvert

structure. The second option, a slab bridge, would span the canal without any piers.

The slab bridge is recommended because the lack of piers allows canal flows to pass underneath with
less risk of debris clogging. This option may be the more costly, but was chosen due to its increased
hydraulic performance. Preliminary structural calculations for the slab bridge are included in

Appendix E.

As a measure to reduce the cost of the canal crossing, it was attempted to minimize the width of the
bridge slab crossing structure. Since the recommended width, 65 feet, is less than the upstream
channel bottom width, a constriction transition just upstream of the canal crossing is necessary. The
transition will be concrete lined and will extend upstream beyond the Palo Verde pipeline. This will

provide scour protection for the pipeline.
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Immediately downstream of the BID canal crossing, a 3-foot drop structure is needed both as a hard
point to prevent headcutting into the BID canal and to lower the channel flow line as the channel
daylights in the Gila River floodplain. An 8-foot cutoff wall depth is recommended at the
downstream end of this drop structure, based on scour depth as calculated using the Schoklitsch

(1932) equation. Refer to Appendix E for supporting calculations.

Two configurations for this drop structure Were considered: a vertical drop structure and é sloping
drop structure. The vertical drop structuré is recommended because it is the most effective in
preventing access between Segments 3 and 4, and because it is a more efficient energy dissipator.
The drop structure design will be refined once the BID and the District personnel have provided

input.

Bullard Wash Segment 4

Segment 4 consists of a mostly incised channel from the BID canal to the point where the channel
daylights in the Gila River. As the channel passes through low points in the natural ground along
its alignment, some fill is necessary to build up the channel banks to the 100-year Bullard Wash

channel water surface elevation.

Downstream of roughly cross section 2410, the 10-year water surface elevation of the Gila River
exceeds the banks of the incised channel, meaning that some reconstruction of these fill

embankments may be necessary following flow events in the Gila River.

As an option, cut material from the proposed channel upstream of the BID canal could be placed
on the west side of the Segment 4 channel, extending from the channel all the way to Estrella
Parkway. The fill would be placed to an elevation matching the 100-year Gila River water surface
elevation. This fill would provide significant protection to the west channel bank and would help

to reduce maintenance requirements.

As a further option, additional fill could also be placed on the east side of the channel for
approximately one hundred feet upstream in the Gila River in areas where the channel passes low
points in the natural ground. In this way, the east channel banks would also be better protected

from Gila River flows and would thus require less frequent maintenance.
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This overbank area of the Gila River is a fringe district and relatively ineffective from a hydraulic
standpoint. Placing fill as recommended will not have a significant impact on the Gila River flood
water surface. However, environmental and archeological considerations may have an impact on

options involving fill.

Segment 4 of the proposed channel system will be susceptible to scour/deposition from the Gila
River. This segment will require annual maintenance to limit the growth of vegetation (salt cedar)
and may require significant debris clearance following major flows in the Gila River. Periodic
monitoring and maintenance of the channel, including clearing out any such growth is necessary to
ensure that it performs as designed. Due to the relatively high potential of flood damage, capital

expenses were minimized in the concept design of Segment 4.

A concrete lined channel was initially considered for Segment 4. However, this option was
eliminated because the risk of damage to the lining from Gila River flows was too great considering
the high cost of concrete lining. An earth channel, while requiring more frequent maintenance, costs

much less to construct and maintain following flows in the Gila River.

The recommended alternative for Segment 4 involves a composite section in the north approximately
one half of the segment (from the BID canal downstream to cross section 1940) and an earth section
in the south approximately one half of the segment (from cross section 1940 downstream to cross
section 1340). The composite section would utilize wire enclosed rock or "gabion mattress" lining
on the channel sides and an earth bottom (see Figure 15A). This lining would stabilize the Segment
4 channel and prevent lateral migration. The gabion mattress lining is more flexible than concrete
lining and better able to withstand potential overflows from the Gila River without significant
damage. Gila River overflow would occur if the land adjacent to the Segment 4 channel were not
filled as suggested previously. In any case, gabion mattress lining would require toe-down and turn-

down at the top, bottom and ends to prevent undermining.

Cross section 1940 was selected as the downstream limit of the composite channel. Existing ground
elevations in the Gila River drop significantly and Gila River low flow channels are encountered at
this location. If lining were extended below this point, it would be subject to greater failure risk

unless a large amount of fill were placed upstream of the Segment 4 channel and/or some extensive
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continuous hard bank were established on the north bank of the Gila River. Downstream from

cross section 1940, the channel would be earth sides and bottom with essentially the same cross

section and slope as the composite channel (See Figure 15B).

Summary

The following is a summary of the recommended designs for each segment. Refer to the correct
HEC-2 models BULRECOM.DAT and EASTLAT2.DAT for the water surface profiles and flow

conditions.

Segment 1:

lining:

bottom width:
side slopes:
longitudinal slope:
drop structures:

reach length:

approx R.O.W. width:

Segment 2:

lining:

bottom width:
side slopes:.
longitudinal slope:
drop structures:
SPRR crossing:
MCS8S crossing:
reach length:

approx R.O.W. width:

gsb/tlb:SEP053.60/12278.rpt

composite (earth bottom, concrete sides)

55 to 85 feet

2:1

0.0017 ft/ft

1 sloping drop, 7.9 feet high
3200 feet

150 feet

concrete sides and bottom

55 to 65 feet

2:1

0.0017 ft/ft

3 sloping drops, 5.2 feet high each
6-barrel 10’ x 6 RCBC recommended
6-barrel 10’ x 6’ RCBC

1800 feet

130 feet
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Segment 2 East Local Tributary collector channel:

lining: concrete sides and bottom
. bottom width: 8 ft
side slopes: 2:1
longitudinal slope: 0.0028 ft/ft
drop structures: 2 sloping drops; 1-6 foot high @ upstream end, 1-3 foot high @
downstream end (main channel) '
reach length: 2400 feet
approx R.O.W. width: 70 feet
Segment 3:
lining: composite (earth bottom, concrete sides)
bottom width: 85 feet, narrowing to 65 feet north of BID canal
side slopes: 21
longitudinal slope: 0.0017 ft/ft
. drop structures: 1 vertical drop, 3 feet high south of BID canal
BID canal crossing: _ Clear span slab bridge
reach length: 4200 feet
approx R.O.W. width: 150 feet
Segment 4:
lining: upstream =+ 500 feet-composite (earth bottom, gabion mattress sides)

downstream * 600 feet-earth (no lining)

bottom width: . 65 feet
side slopes: 4:1
longitudinal slope: 0.0017 ft/ft
drop structures: none
‘ reach length: 1100 feet
approx R.O.W. width: 150 feet

gsb/tlb:SEPO53.60/12278.rpt 89 STANLEY CONSULTANTS, INC.




TABLE 4
. SUMMARY OF COSTS FOR RECOMMENDED ALTERNATIVE

Location Description Cost
Segment 1 Composite Channel (Alignment modified for
future airport runway) - $ 1,808,500
Segment 2 Concrete Channel (Alignment A, Shifted East) - { § 2,695,600
Segment 3 Composite Channel (Alignment A) - | $ 2,485,900
Segment 4 Composite/Earth Channel (Alignment A) $ 346,800
TOTAL PROJECT COST $ 7,336,800

Note: Costs represent general construction costs, necessary crossing structures, major utility
relocation and/or protection, 10% construction contingency, and right-of-way acquisition. Culvert
structures as opposed to bridges are reflected for the SPRR and MCS85 crossings. A clear span slab
bridge is reflected for the BID canal crossing as opposed to a box culvert. Segment 2 includes the
East Local Tributary collector channel cost. Supporting quantity and cost calculations are included

. in Appendix F. Total costs for each segment differ from those in Table 3 due to refinements and
additions through the course of study.
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HEC-1 AND HEC-2 FILENAMES AND DESCRIPTIONS

HEC-1

ADMS_H1

12278H1A

12278H1B

12278H1C

HEC-2

- ADMS_H2A

12278H2A

BULRECOM.DAT

EASTLAT2.DAT
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Original White Tanks/Agua Fria ADMS HEC-1 by the WLB Group provided
by the District.

Revised HEC-1 for Bullard Wash reflecting flood control improvements, 100-
year, 24-hour storm, and NOAA Atlas 2 depth-area reduction factors.

Same as 12278H1A except for a 100-year, 6-hour storm and FCDMC
Hydrology Manual depth-area reduction factors.

HEC-1 model of Detention Basin 1.

Original White Tanks/Agua Fria ADMS HEC-2 by the WLB Group provided
by the District. The model includes the reach downstream of Yuma Road.

Revised HEC-2 model incorporating revised 100-year peak flow rates from
12278H1A.

Proposed HEC-2 model of the main Bullard Wash channel for the
Recommended Alternative.

Proposed HEC-2 model of the East Local Tributary for the Recommended
Alternative.

101 STANLEY CONSULTANTS, INC.




REFERENCES

White Tanks/Agua Fria Area Drainage Master Study, Flood Control District of Maricopa

1.

County, The WLB Group, Inc., October 1992.

2. Flood Delineation Study of Salt-Gila Rivers (Preliminary), Flood Control District of
Maricopa County, Michael Baker Jr., Inc., July 1994.

3. Gila River Study, Flood Control District of Maricopa County, Dames & Mooré, Revised
December 3, 1993.

4. Aerial Topography for White Tanks/Agua Fria Area Drainage Master Study, Flood Control
District of Maricopa County, The WLB Group, Inc., Cooper Aerial of Phoenix, Inc., Flight
Date: December 22, 1989, Contour Intervals: 2 Feet.

5. Standard Drawings, June 1992, Arizona Department of Transportation, Highways Division,
Structures Section.

6. Construction Costs 1993, Arizona Department of Transportation, Highway Division,
Contracts and Specifications Section.

7. HEC-1 Flood Hydrograph Package, Version 4.0, U.S. Army Corps of Engineers, Hydrologic
Engineering Center, Davis, California, September 1990.

8. HEC-2 Water Surface Profiles, Version 4.6.2, U.S. Army Corps of Engineers, Hydrologic
Engineering Center, Davis, California, May 1991.

9. Drainage Design Manual for Maricopa County, Volume I - Hydrology, Flood Control
District of Maricopa County, June 1992.

10. Drainage Design Manual for Maricopa County, Volume II - Hydraulics, Flood Control
District of Maricopa County, November 1991.

11. Drainage Design Manual for Maricopa County, Volume III - Erosion Control, Flood Control
District of Maricopa County, January 1993.

12. Phase I Environmental Site Assessment of Areas Affected by the Bullard Wash Outfall
Project in Goodyear, Arizona, Flood Control District of Maricopa County, Growth
Environmental Services, Inc., May 1, 1995.

13. An Archeological Inventory of the Bullard Wash Outfall Project Area of Southern Goodyear,
Arizona, Flood Control District of Maricopa County, Scientific Archeological Services, April
21, 1995.

14. Vegetation Survey for Bullard Wash Outlet Project, Flood Control District of Maricopa
County, March 7, 1995.

15. MCDOT Construction Staging Report, Estrella Parkway from McDowell Road to Vineyard
Avenue, Maricopa County Work Order #D 80440, Kirkham, Michael and Associates, July
199s.

gsb/tlb:SEP053.60/12278.rpt 102 STANLEY CONSULTANTS, INC.




(Extended)”

(Extended)

SEGMENT 4 SEGMENT 3

Cgaeurngo S

C(Extended) - T

SEGMENT |

EARTH TRAPEZOID SECTION COMPOSITE TRAPEZOID SECTION

(EARTH BOTTOM,CONCRETE SIDES)

RVER ——

Road

* . SEGMENT 2 +
| CONCRETE TRAPEZOID SECTION .

' COMPOSITE TRAPEZOID SECTION
(EARTH BOTTOM,CONCRETE SIDES)

demué
/5 SEWER

GILA

INE
RAT

cT)
1SSION L
INIST

I

TRANSM
et R ADM

ANSMI>

PROJE

ER
R TR
POWE

RHEAD
RHE

(SALT
ovE
At

T RBFoaawal

v OVE
g%N AREA
(U.S.SPRINT)
FIBER OPTIC CABLE
230 KV OVERHEAD TRANSHISSION LINE

Southern

500 KV
230
WEST

’--w—"-'wﬂ—’dw

e

e

8

-0l

bl-l

-~ Bullerd oo 70 0 B

: .’{/A/RPORT
PROPERTY

s ey S— Wr—  ——  t———
— — .
’ T | — i
S ey onm—
TGS

N

;b§§§

NG

Qm
3
ro
S

N
S

0K
\
d N\

. _‘.__,____-__—-——-——.———-——‘-‘-——-w—-_.
s  ————)

[
\

re-8q

(3
&

Sa

s
al-of

AL

EH
Bytkeye

b1-0/ ®67-9
.ol

(Extended)

EPA GROUNDWATER

 REMEDIATION FACILITIES

LEGEND

@  MONITOR WELL
p  INJECTION WELL

= NU_ ® COMPLETED PILOT BORING

. —— comvEcTNG PPE

BULLARD WASH OUTFAL
FEASIBILITY STUDY -

'FLOOD CONTROL DISTRICT |
- OF MARICOPA COUNTY = |
“(FDC 94-06) |-

 {(L) CHANNEL ALIGNMENTS ARE ILLUSTRATIVE AND

NOTES:

DO NOT REPRESENT ACTUAL WIDTH.
(2) DESIGN DISCHARGES ARE BASED ON WHITE TANKS/
GROUP REVISED BY STANLEY CONSULTANTS

TANKS *3 FLOOD CONTROL PROJECTS.

LEGEND

RECOMMEMDED CHANNEL
ALIGNMENT LOCATION

| DESIGN DISCHARGE
. ——— 850 cfs AND FLOW DIRECTION

SEGMENT LIMITS

FIBER OPTIC CABLE  ——— UTILITY '
(US.SPRINT) —— UTILITY OWNER

“-ll- lllll

US.JURISDICTIONAL LIMIT

FLOODPLAIN LIMIT

BULLARD WASH
FLOODWAY LIMIT

-~
O S — — T— — —

TO REFLECT FUTURE DYSART DRAIN AND WHITE |

1  CULVERT OR BRIDGE

' . OVERHEAD ELECTRIC (WITH | -
SELECTED POLES\TOWERS) -~ | 7

N [ Sy
R i P
. . - ey
e PRI L3 1)
G

. CORPS 404 WATERS OF THE = |

~____ BULLARD WASH OR LOCALIZED |

400 200 0 400 800 1200 - - ‘
SCALE : 1" = 400 o
CQNTOUR iNTERVAL=2' B

(FCD 89700 . .

BASE MAP: WHITE TANKS/AGUA FRIA ADMS | -

~ MAPPING COMPANY: COOPER AERIAL OF - |
PHOENIX INC. FLIGHT DATE 122289 | -

FLOOD CONTROL DISTRICT =~
OF MARICOPA COUNTY
D (FCD 94-06) S

7} EXHIBIT 5

ALTERNATIVE

BULLARD WASH OUTFALL ~  ° | !
_ FEASIBILITY STUDY |

L, CETET SR
; Lot o
R

RECOMMENDED | |

IBELAXIQF ‘XXIEE‘V': |  "f i33.¥Vi

DES. S.W. CKD. G.SB.| -

B

= V‘A‘_'ST"ANLEYf CpNSUL‘TAN'T_'S"ﬁmC{ DATE  6-26-95 -

S, 2929 FAST CAMELBACK ROAD, SUTE 130

ESsmmm PHOENX, ARIZONA B5016 » (602 912-6500 -~ | St=1 T OF 2+ o

DWG.

i

AGUA FRIA ADMS HEC-1 MODEL BY THE WLB |

b

B v B v - . * Wit
e T ’

MWWM o




) @ " : mW v m
< ;1,0 S : ' 2 efs)s)-
= = m B mW <2 m Fx, N Slalsl,
= 29 s pEE 3z . EZ  £EE g = %% Zo el 3"
=5 EE : fgi? ZEg By oE o0 o -t S [
o K 23 :og.3ip  BaEiicgfr SEzEdE o SN T 2 £ [de]38
p A © “ S &z w m == SE3E & 55 B mS @S "5« e =k B «
O 3 2B a3 AR S x EEEE Za Sb <B 24° <45 o B xZ 8 88 S S
S - 3% 8d°.3 sE 8 =l 50 Rz & NERE P L 284 o =
5 X 8 «x : GBp5E 5 2E0 ER8C oo T2 o2 5% UE 3R Be | 3% 5S¢ cCER ,
=B S 2i7i. g ESE_S8FEE ) ¥Zagas =% 28 88 | g 82F ;
s 5 B8 p< E0ESE g ESiEirEas T £2 18 1% iz dg g2 | i5 EBs B a7 :
| C . - ! 7 &) - : o] - Pt ! —
= &=E i gr.28  E<BE2E8ed « BY ES ES 25 e® .| g8 8%° = Oy 3
] Z [~ ) I . B\) ° &) m & [+9] - \ WE o
2 % a3 1S < g S | . = S.| &8 g8 =R .
. « OM o oo u
A Q 5 23 s 0 Q2 _ X A o 5 == = — L
Sa Q & = SEZHp o E 5 S & Z
. | e R <
3= g£° ; X mmwmm | o3 | ¢ g ZE = gzt B
75 S o Z SRR |
U 5 mm mwme | X m m e mmmmmw
B Z, @ @ /- . B €<0mae

! AN :
, .#. .‘: ] . ,_ s
: | ! i e
1 ' _ ' h /,,
. | | !
\ y, v
3 i
N, v 4
P Lo o o
| _ m : " !
! 1] .
i . |
§ i

s, ) ‘
> ) .& /
, , . | |
T arerds ~E§§ RS [ SR e G G
\\2(.&. h -
'
e m w ' i K
t\»\ »_
Y | |
. K . . /
/. a ’ e - C
. E
! - G55 m |
, g - sl

N e ) . - . :
.,,w F
| N ‘

\ )
o :
| m i

i 1
“ ,1” ’ .
. .. | ;
| \O
,,.f, . . Qn
_/

T

i

ﬁ .
\ ] H o ,, i ) * :
T N .mi.\u%mmﬁ SNYUL AVIHHTAO AY 052
ke ARORWBRRT) - WGl et e AREMRR O G e e
v . LS AL EOAD) T
v i 7 L FTEYA 01Ld0 H3G14
- _ « . : [ . .
, _ S ,,ﬁ oo JUNIHAS °S°N)
. ,,.. vt < : . /f; .. A . . | . \
‘w_ . 5 w W m i _ /../ L !
w \ w_ , o m _/ i : i
W | ) : ! \ i
| g ; oEIG N v
ﬂ M b ) \ i
| I T, N .
| Vv mm K pesy i J
- ! ,.T;.; ,,_e.w ' . E ” m , . r,_
\ .7 R = _ mm \ h
,,,/,., “ G m E _.,
) . , Ly R S
,,, T _é?f ! S < . S X ~ S . -
! e R R P ‘ |
, ; | D= R TN
i | pezv -t 5
i W Vg ol
o | o k
“ e eeee T QU
I | S .
M ! “MS G
h oe 9 =0
W )
| L] GF
W_w B m EJQ} »,.;
i ' . " .
I P \ |
| preet— Dnm
M T &
I & e
G2
e
S "
— "

:;‘J;A%,MJA@@@CBPX&%, F@

)

.
'

e S T ; NG . - oudevanogs

N 16bl ‘b "Ld3S QISMAY " :

s 3BLAZICTIYE doW . FLvy N

<+ . 3ONWHNSNI 00074 "WlW'3'd ¥3d [ . - ,

‘ Y LYARAYMA00 T4 ONY NIYT14000714 :
*310N

v G e e N . . : R B &, iy . e




APPENDIX B

REVISED WHITE TANKS/AGUA FRIA ADMS
HEC-1 HYDROLOGY



1 PSS 2 S e L s 2 A s s s ettt it et s s s s ) e

* * *
*  FLOOD HYDROGRAPH PACKAGE (HEC-1) * * U.S. ARMY CORPS OF ENGINEERS
* SEPTEMBER 1990 by * HYDROLOGIC ENGINEERING CENTER
* VERSION 4.0 . * 609 SECOND STREET
* * DAVIS, CALIFORNIA 95616
* RUN DATE 10/29/1994 TIME 10:38:33 : * $16) 756-1104
* *
P 222 s st sassasasessasasasssasiissataasls] AR TTRRT T T TR TN AAI AL LR R TR R TR Awy
X X OXXXXXXX  XXXXX X
X X X X X XX
X X X X X
XXXXXXX  XXXX X XXXXX X
X X X X X
X X X X X X
X X OXX000XXX  XXXXX XXX
THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HEC1 (JAN 73), HEC1GS, HEC1DB, AND HEC1KW.
THE DEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTURE.
THE DEFINITION OF -AMSKK- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS IS THE FORTRAN77 VERSION
NEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY,
DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL  LOSS RATE:GREEN AND AMPT INFILTRATION
KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM
1 HEC-1 INPUT PAGE 1
LINE 1Dz s llerre o v r YR B oo atae L serrias St e 6 nnmres Taerateisile - T 9ennnn 10
1 ID BULLARD WASH OUTFALL FEASIBILITY STUDY STANLEY CONSULTANTS, INC.
2 ID FLOOD CONTROL DISTRICT OF MARICOPA COUNTY SCI #12278
2 %g (FCD #94-06) INPUT FILE: 12278H1A
5 D 100-YEAR, 24-HOUR STORM
6 D SCS TYPE II RAINFALL DISTRIBUTION
7 ID NOAA ATLAS 2, VOLUME VIII-ARIZONA DEPTH-AREA REDUCTION
8 1D ONLY BULLARD WASH CONTRIB AREA CONSIDERED; HC FIELD 2, TAREA ADJUSTED
B B e sseer
1 D THIS MODEL IS DERIVED FROM THE WHITE TANKS/AGUA FRIA AREA DRAINAGE MASTER
12 ID STUDY (ADMS) CONDUCTED BY THE WLB GROUP FOR FCDMC AND DATED OCTOBER 1992.
13 ID THE BASIC ADMS MODEL PARAMETERS AND METHODOLGY HAVE NOT BEEN CHANGED. THE
14 ID SUB-BASINS CONTRIBUTING TO BULLARD WASH HAVE BEEN ISOLATED FROM THE REST
15 ID OF THE ORIGINAL WLB MODEL. THIS MODEL REFLECTS PROPOSED DYSART DRAIN AND
16 D WHITE TANKS #3 FLOOD CONTROL IMPROVEMENTS.
18 I
*D ] AGRAM
19 IT 5 300
20 10 5
21 IN 15
22 JD 4.03 001
23 PC .000 .002 005 .008 .01 .014 .017 .020 .023 026
24 PC .029 .0 .035 .041 . .052 .056 060
25 PC .064 .072 076 .080 085 090 o 100 105
26 PC 110 <115 .120 126 .133 140 147 155 163 172
27 PC 181 191 .203 .218 .236 257 283 .387 663 707
28 PC 735 .758 5 791 .804 .815 .825 .834 .842 849
29 PC 856 5 .869 875 .881 .887 .893 .898 903 908
30 PC 913 .918 922 .926 .930 .934 E .942 .946 .950
31 PC .953 956 959 : .965 .968 R4 974 977 980
32 PC .983 989 992 995 .998 1.00 1.000 1.000 1.000
33 JD 3.99 10
34 Jo 3.83 50
35 JD 3.76 100
36 JD 3.70 200
37 KK 159
38 KM RUNOFF HYDROGRAPH FROM SUB-BASIN 159
39 BA .58
40 LG <35 34 3.81 .65 .00
41 Ul 66. 169. 316. 407. 539. 797. 641. 495. 375. 269.
42 Ul 139. 105. 66. 33. 20. 20. 20. 0, 0. 0.
43 ul 0. 0. 0. 0. 0. 0. 0. 0 0 0.
A7 KK R159
45 KM ROUTE FLOW FROM CP159 TO CP160
46 RS 1 -1 0
47 RC .022 .022 .025 830 .0036
48 RX 1000 1001 1002 1020 1060 1150 1320 1440
49 RY 1265 1265 1265 1264 1264 1266 1268 1270
1 HEC-1 INPUT PAGE 2
LINE | I | — D Ap— R R o ls (S TS ata e Beveuunn 9eennnn 10
50 KK 160
51 KM RUNOFF HYDROGRAPH FROM SUB-BASIN 160
52 BA .39
53 LG .35 33 3.98 .34 .00

54 Ul 41, 92. 184. 238. 301. 435. 474. 354. 279. 216.



—_
— 2

—_aa
PO
VN VIHW N-=O

Ul
)
ul
KK
KM
HC

DT

150. ) 64. 41. 22 13. 13. 13. 13. 0.
0. 0 0. 0. 0 0. 0. 0. 0. 0.
0. 0 0. 0. 0 0. 0. 0. 0. 0.
CcP160
ADD HYDROGRAPHS AT CP160
2 .97
R160
~3RGJTE FLOW FRCN1CP160 18 cP161
075 .04 .06 2650 .0072
1000 1001 1210 1630 1670 1688 1689 1690
1259 1259 1258 1256 1256 1257 1257 1257
161
SORUNOFF HYDROGRAPH FROM SUB-BASIN 161
49 .03 4.09 .77 .00
26. 24. 24, 70. 92.  114.  127. 140.  155.  176.
195. 236, 297. 307. 258. 225. 202.  18.  161.  145.
127. 115, 93. 70. 43. 42. 40. 36. 2. 2.
23. 7. 7. 7 7. 7. 7. 7. 7. 7.
7. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
cP161
ADD HYDROGRAPHS AT CP161
2 1.47
161
6nours FLOW FRm1CP161 o cP163
.08 .04 .06 5280 .0074
1000 1500 1910 2455 2470 2488 2489 2490
1226 1226 1222 1220 1220 1221 1221 1221
162
zsnunosr HYDROGRAPH FROM SUB-BASIN 162
-50 .00 3.9 .59 .00
22. 35. 8. 114, 137. 169. 233.  270.  206.  170.
138.  110. 78. . 37. 26. 22. 7. 7. 7.
7. 7. 0. 0. 0. . 0. 0. 0. 0.
0. 0. 0. 0. 0.~ 0. 0. 0. 0. 0.
HEC-1 INPUT
....... eeneiiZesinneBenenencheeennaBerecnesboreneeiTereeeeiBiaeenn9en....10
162
aRwTE FLOW FRCH1CP162 18 cP163
.08 .04 .06 5460 .0062
1000 1500 1910 2455 2470 2488 2489 2490
1226 1226 1222 1220 1220 1221 1221 1221
163
75nunosf HYDROGRAPH FROM SUB-BASIN 163
-50 .00 3.70 .42 .00
37. 37. 37.  107. 140. 173.  193.  212.  235.  267.
296. 341, 456.  458.  383. 336. 303. 274. 240.  216.
187. 170.  133.  101. 65. 3. 60. 51. 37. 37.
30. 1. 19, 1. 11. 11. 1. 11. 1. 1.
11. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
11163
ADD HYDROGRAPHS AT CP163
2 1.0
CcP163
ADD HYDROGRAPHS AT CP163
2 2.47
D163
DIVERT TO CP176A FROM CP163
DI176A
72 427 1229 2615 4708 5777 6545 8336 11092
0 0 0 0 0 0 9 95 329 762
D163
RETURN DIVERT AT CP163
DI176A
R163
6RGJTE FLOW FRM1CP163 rg CP176A
035 .035 .075 5280 .0040
j000 1001 1002 1010 1025 1320 1620 1845
1197 1197 1197 1196 1196 1198 1200 1202
76A
62RUN0FF HYDROGRAPH FROM SUB-BASIN 176A
'50 .00  4.09 42 .00
2. 24, 2. 2. 7. 89.  106.  118.  131.  139.
151. 166, 182,  200. 236. 283.  318. 279. 245.  221.
203. 189, 171.  155.  142. 129.  117.  105. 87. 9.



ul 46. 43, 41. 40. 37. 2. 2. 2. 21. 7.
ul 7. 7. 7. 7. 7. 7. 7. 7. 7. 7.
ul 7. 0. 0. 0. 0. 0. 0. 0. 0. 0.
ul 0. 0 0. 0. 0. 0. 0. 0. 0. 0.
HEC-1 INPUT PAGE &
1 U U r YO SUUU SSU. S Y y ST . T 9ennn. 10
KK CP176A
KM  ADD HYDROGRAPHS AT CP176A
HC 2 3.09
KK D176A
KM DIVERT TO CP191 FROM CP176A ]
DT  DI191
oI 0 47 166 349 497 1107 2599 4968 8289
DQ 0 0 0 0 0 60 278 719 1444
KK 74
KA 45RUN°FF HYDROGRAPH FROM SUB-BASIN 174
LG .35 .33 3.90 .33 .00 ,
ul é2. 218. 346. 474, T35. S57h. 418,  29.  145. %. ,
ul 57. 19. 19. 19. 0. 0. 0. 0. 0. 0. |
ul 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
KK 74
KM 7RCLITE FLOW raon1cp174 rg CP176
RS -
RC  .025 .025 .025 7020 .0073
RX 1000 1040 1100 1200 1600 1620 1630 1750
RY 1223 1222 1220 1218 1218 1220 1222 122
KK 7
KN ZBRUNOFF HYDROGRAPH FROM SUB-BASIN 175
LG '35 .33 3.87 .33 .00 |
ul 38. 128, 207. 2. 440.  364.  267. 192.  103. 63. |
Ul 38. 15. 12. 12. 0. 0. ) 0. 0. 0.
Ul 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
KK 75 |
KM DIVERT TO CP175A FROM CP175 |
DT DI175A
DI 0 53 200 459 B854 1367 2546 4308 6658 9613
DQ 0 53 200 459 854 1047 1478 2105 2915 3906
KK 175
K 5;zours REMAINDER, FROM cpg?S 10 CP176
RC  .025 .022 .022 6500 .007%
RX 1000 1100 1300 1420 1470 1558 1559 1560
RY 1226 1226 1222 1220 1220 1222 1222 1222
KK 176
KN £ RUNOFF HYDROGRAPH FROM SUB-BASIN 176
LG .35 36 4.03 .35 .00
ul 66. 128. 279. 362. 449. 588.  B17.  642.  515.  407.
ur 319, 208.  115. %. . 37. 20. 20. 20. 20.
Ul 0. 0. 0. 0. 0. 0. . 0. 0. 0.
ut 0. 0. 0. 0. 0. 0. 0. 0. 0.
HEC-1 INPUT PAGE 5
Deeennnn f..... O T SU beeeeeiSeriaas BeeereesTunnnnnn Baverens 9rnnnn 10
KK 11176
KM ADD HYDROGRAPHS AT CP176
HC .95
KK CP176
KM ADD HYDROGRAPHS AT CP176
HC 2 1.40
KK R176
KN JROUTE FLOW FROM CP176 0 cP191
RC  .035 035 .075 5540 .0067
RX 1000 1001 1002 1025 1100 1400 1720 2050
RY 1163 1163 1163 1162 1162 1166 1166 1168
KK 7
KM RETURN DIVERT AT CP175
DR DI175%A
KK 7
KM zaoure FLOW r-Ron1cp175 10 CP175A
RS -
RC  .022 .022 .025 1560 .0013
RX 1000 1001 1062 10206 1055 1150 1190 1390
RY 1136 1136 1136 1136 1134 1136 1138 1140
KK 175A
K (FUNOFF HYDROGRAPH FROM SUB-BASIN 175A
LG .35 .33 3.80 .65 .00
ul 42, é6. 162. 215. 258. 317.  439. 507.  388.  320.
Ut 258. 207.  147. 82. 89. 48. 41. 13. 13. 13.




ul

1D
Ul
ul
ul
ul
Ul
KK
HC
KK
KM
DT

Da

13. 13. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
CP175A
ADD HYDROGRAPHS AT CP175A
2 .75
R175A
11R0JTE FLOW FRw1CP175A 80 cpPi189
022 .02 .025 3300 .0009
1000 1001 1002 1020 1035 1170 1460 1720
1233 1233 1233 1232 1232 123 1236 1238
189
51RUN(.)FF HYDROGRAPH FROM SUB-BASIN 189
.35 35 4.17 .40 .00 :
§2. 110,  229. 298. 372. 516.  631.  471.  376.  293.
219.  118. as. 59. 43, 16. 16. 16. 16. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0 0. 0. 0. 0. . 0. 0. 0. )
HEC-1 INPUT ; PAGE 6
....... TovreneeZeneneesBeneeeeshhoneseeiSeeneesibusesesTeeeeeiBerenai9enn.. 10
cP189
ADD HYDROGRAPHS AT CP189
2 1.26
189
8rzoure FLOW FRM1CP189 rg CP190
.08 .035 .035 6900 .0057
1000 1270 1700 2040 2090 2118 2119 2120
1212 1210 1208 1206 1206 1207 1207 1207
190
86RUNOFF HYDROGRAPH FROM SUB-BASIN 190
-50 .00 4.18 42 .00
. bh. 4. 141. 176.  209. 238. 261. 292.  331.
381.  482. 570.  492.  422. 374. 339. 297. 264.  232.
207.  167.  12. 77. 76. 72. 59. bby. 4. 31.
13. 13. 13. 13. 13. 13. 13. 13. 13. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
CcP190
ADD HYDROGRAPHS AT CP190
2 2.12
R190
5Rouna FLOW rnon1cp19o T0 CP191
075 .035 .035 5280 .0076
1000 1260 2080 2310 2330 2358 2359 2360
1182 1180 1178 1176 1176  1irr  iirr 1177
176A
91RETURN DIVERT AT CP176A
76A
ARwTE FLOW FRm1CP176A 50 cP191
.035  .035 .08 5280 .0062
j000 1001 1002 1025 1100 1400 1720 2050
1163 1163 1163 1162 1162 1166 1166 1168
11191
ADD HYDROGRAPHS AT CP191
3 6.33
91
”RUNOFF HYDROGRAPH FROM SUB-BASIN 191
.50 .00 3.59 41 .00
39. 39. 39. 40. 127. 146.  170.  189.  210.  223.
243.  267. 293, 322. 381. 459. 509.  443.  389.  353.
HEC-1 INPUT PAGE 7
...... 4 o cooseis waBor s sunonn e ucnin o el winsernin Shmsare orasasaBlnmences wonlfla's s it B o ssds s s 570
324. 301. 272. 247. 227. 204. 186.  166.  135.  111.
70. 68. 65. 3. 56. 39. 39. 39. 30. 12.
12. 12. 12. 12. 12. 12. 12. 12. 12. 12.
12. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
cP191
ADD HYDROGRAPHS AT CP191
2 7.32
cP191
08DIVED'(T TO CP208 FROM CP191
80 468 1339 2000 3000 4000 5000 6000
0 80 468 1339 1339 1339 1339 1339 1339



RY

KK

KK

KK

KK

RY

ID

KK

R191
5R(LITE REMAINDER FROM CPa91 TO CP192A
=

.08 .04 04 2640 0045

1000 1350 1800 2200 2225 2278 2279 2280
1148 1146 1146 1142 1162 1143 1143 1143
1924
50RUNOFF HYDROGRAPH FROM SUB-BASIN 192A
.50 .00 4.18 41 .00
22. 22. 53, 50. 79. 96. 110.  122. 133.  146.
164.  180.  217. 267. 291. 246. 215. 19%. 178.  160.
142.  129. 114,  105. 8s. b4. 43. 40. 37. 37.
25. 22. 22. 17. 7. 7 7. 7. 7. 7.
7. 7. 7. 7. 0. 0. 0. 0 0. 0.
0. 0. 0. 0. 0. 0. 0. 0 0. 0.
CP192A
ADD HYDROGRAPHS AT CP192A
2 7.8
R192A
9RGJTE RENAINDER1FRG4 CPa9ZA TO CP192
.08 .04 .04 2640  .0045
1000 1350 1800 2200 2225 2278 2279 2280
1148 1146 1146 1142 1162 1143 1143 1143
192
50RUNOFF HYDROGRAPH FROM SUB-BASIN 192
.50 .00 4.18 .41 .00
22. 22. 22. 51. 80. 9.  110. . 136, 147.
165.  182. 219. 270. 290. 245. 215 193.  178. 159
1%2.  129. 114,  104. 83, 64. 41 40. 37. 37
2. 22. 22. 16. 7. 7. 7 7- 2 7.
7. 7. 7. 7. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0 0
HEC-1 INPUT PAGE 8
..... PR SUUNURE: SPTUTY SR S SO SO SO - SO [
cP192
ADD HYDROGRAPHS AT CP192
2 8.32
92
DIVERT TO CP209 FROM CP192
D1209
0 126 480 965 3703 6169 9453
0 126 419 853 3404 5491 8154
92
DIVERT TO CP210 FROM CP192
DI1210
61 112 299 678 1299 2208
0 0 0 0 0 433 736
188
19RUNOFFF HYDROGRAPH FROM SUB-BASIN 188
.35 33 611 .51 .00
29. 120. 179. 27. 32. 221.  152. 76. %, 2.
9. 9. 0. : i 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
R188
3RU..’TE FLOW ka1cp1aa TO CP207A
025  .022 .05 5460 .0079
j000 1100 1200 1210 1230 1335 1355 1510
1240 1214 1212 1210 1210 1212 1214 1240
07A
50RUNOFF HYDROGRAPH FRCM SUB-BASIN 207A
.35 36 4.03 .55 .00
§3.  124. 24k. 314, 400. 593. 595. 448.  350.  270.
176. 93. 76. 53. 20. 16. 16. 16. 0. 0.
0. 0. 0. 0. 0. 0. i 0. 0. 0.
CP207A
ADD HYDROGRAPHS AT CP207A
2 0.69
R207A .
2RtlJ‘I’E FLOW FRCH1CP207A TO CP214
022 .022 .05 3200 .0069
j000 1020 1030 1045 1065 1085 1325 1490
1179 1176 1172 1170 170 12 1176 1176
HEC-1 INPUT PAGE 9
..... OO YN, SRR TN, VRRINEN SRR, SR . MU - SR, |
214



16RUNOFF HYDROGRAPH FROM SUB-BASIN

.35 35 4.6 .38 .00
22, 81. 127. 176.  267.
18. 7. v 7. 0.
0. 0. 0. 0. 0.
cP214

ADD HYDROGRAPHS AT CP214
2 0.85

R214
1RC1.|TE FLOW FRG41CP214 TO CP215

.022 .022 . 055 2250  .0049
1000 1010 1030 1045 1070
1061 1060 1058 1056 1056

215A
45RUNOFF HYOROGRAPH FROM SUB-BASIN
.35 33 3.9 .34 .00
68. 251. 379.  628.  557.
18. 0. 0. 0. 0.
R215A

JROUTE FLOM FRCM1CP215A T0 CP215
.025 .02 .025 2800 .0046

1000 1190 1425 1435 1455
1158 1156 1154 1152 1152

215
35RUNOFF HYDROGRAPH FROM SUB-BASIN
.35 346 3.71 .31 .00
39. 95. 181, 233,  303.
98. 65. 45. 29. 12,
0. 0. 0. 0. 0.

11215

Ao HYDROGRAPHS AT cP215
cP215
ADD HYDROGRAPHS AT CP215
2 1.55
HEC-1 INPUT
..... DR SUNURE. ST SRR,

215
3R(lJTE FLOW FRM1CP215 TO CP233

02 .02 .025 5280 .0032
1000 1010 1020 1030 1050
1063 1042 1040 1038 1038

233
ORUNOFF HYDROGRAPH FROM SUB-BASIN

.5
.35 .35 4.22
206.

.39 .00
49. 9%. 267. 331.
49.

24(2]. 163. 86. 76.

0. 0. 0. 0.
0. 0. 0. 0. 0.

cP233
ADD HYDROGRAPHS AT CP233
2 2.05

233
2RCIJTE FLOW FRM1CPZ33 TO CP234

.075 .035 . 02;:5 2640  .0057
1000 1200 1540 1930 1965
1031 1030 1028 1026 1026

216
1RUNOFF HYDROGRAPH FROM SUB-BASIN
.46 .09 4.21 .40 .00
26. 26. r7 48 88. 108.
240. 304. 3462. 285. 246.
117, 89. 63. 47. 4b.
8. 8. 8. 8. 8.

0. 0. 0. 0. 0.

16

l‘RwTE FLOW FRG41CP216 TO CP234
.02 .02 .04 5280 .0044
1000 1015 1020 1035 1070
1031 1030 1028 1026 1026
234

5:’,RUNOFF HYDROGRAPH FROM SUB-BASIN

.50 .00  4.25 .40 .00

214

201. 146. 100. 47. 31.
0. 0. 0. 0. 0.
0. 0. 0. 0. 0.
1150 1190 1310
1058 1060 1062
215A
376. 232. 101. 62. 19.
0. 0. 0. 0. 0.
1478 1479 1480
1159 1159 1159
215
457. 398. 306. 235. 177.
12. 12. 12. 0. 0.
. 0. 0. 0. 0.
PAGE 10
....... 6 i s sl s siae 29y & s #Paa s 10
1070 1190 1540
1040 1042 1044
233
430. 604. 483. 386. 306.
31. 15. 15. 15 15.
. 0. 0. 0. 0.
0. 0. 0. 0. 0.
1980 2009 2010
1028 1029 1029
216
128. 145. 160. 180. 203.
220. 198. 172. 154. 134.
43. 27. 26. 26. 9
8. 8. 8. 0, 0.
0. 0. 0 0. 0.
1080 1140 1400
1028 1030 1032
234



22. 22. 22. 35. 74. 87. 103. 113.  124.  134.
148. 164, 179, 214. 259.  289.  250. 219. 197.  181.
167.  149. 136, 122.  110.  100. 82. 63. 43, 39.
37. 36. 30. 22. 22. 22. 1. 7. 7. 7.
T 7. 7. 7. 7. 7 7 T 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
HEC-1 INPUT
....... ; R I S SN SR SRR SN SN - SOOI
11234
ADD HYDROGRAPHS AT CP234
2 1.04
cP234
ADD HYDROGRAPHS AT CP234
2 3.09
D234
woxvsnr FROM CP234 TO CP248
0 290 677 3521 13393
0 0 176 1826 10224
23
3ROUTE REHAINDER1FROH CP234 TO CP235
.06  .025 .025 2640 .0023
1000 1460 1900 1915 1930 1958 1959 1960
1018 1016 1016 1014 1016 1015 1015 1015
207
DoRUNOFF HYDROGRAPH FROM SUB-BASIN 207
.50 .00 3.9 .39 .00
39. 39. 39. 39.  125. 143.  169. 187.  209.  222.
241. 263, 291. 316. 37h.  445. 510.  454. 399.  358.
329. 306, 280. 252. 231. 210. 191. 17.  145.  111.
83. 8. 66. 63. 83. 40. 39. 39. 39. 14.
12. 12. 12. 12. 12. 2 2. 12. 12. 12.
12. 12. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0207 -
08DIVERT FROM CP207 TO CP208
0 1709 12182
0 1316 6607
207
8m:ure nsmuoen1raa4 CP207 TO CP217
.035 .035 .075 5280 .0057
j000 1001 1002 1015 1060 1490 1740 2250
1151 1151 1151 1150 1150 1152 1154 1156
217
‘qaunorr HYDROGRAPH FROM SUB-BASIN 217
50 .00  4.19 .38 .00
22 22. 22. 54. 81. ° 98. 112. 126.  135.  150.
167. 188. 233. 278. 278. 235. 207. 188. 172.  152.
137. 122.  109. 95. 73. 54. 40. 38. 37. 31.
22. 22. 22. 7. 7. 7. 7. 7. 7. o
HEC-1 INPUT
..... TusssnesdonmnsnsBussvemibosnesnsSavesessBusesanalonsnnssBananessPueeenell
7. 1. 7 7 0. 0. 0. 0. 0. 0.
0. 0. 0. 0 0 0 0. 0. 0. 0.
cP217
ADD HYDROGRAPHS AT CP217
2 1.49
D217
18mvsm FROM CP217 TO CP218
0 ) 884 6576 28127
0 51 163 1840 10674
217
7R0UTE RENAINDER1FROM CP217 TO CP235
.02 .03  .075 5280 .0036
1000 1020 1035 1040 1050 1300 1640 1790
1015 101 1015 1014 1014 1016 1018 1019
235
47;zuuorr HYDROGRAPH FROM SUB-BASIN 235
.50 .00 4.27 .40 .00
19. 19. 19. 28. 63. 7%. 89. 98.  106.  115.
126. 140, 152, 178. 216. 251. 228. 198. 177.  162.
150.  135. 122.  112. 9. 91. 7. 62. 49. 34.
33. 31. 31. 21. 19. 19. 19. 6. 6. 6.
6. 6. 6. 6. 6. 6. 6. 6. 6. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.

PAGE 11

PAGE 12



11235
ADD HYDROGRAPHS AT CP235
2 1.96

CP235
2ADD HYDgOGRAPHS AT CP235
D235
leVERT FROM CP235 TO CP248
0 158 313 4490 9737
0 0 155 2380 5077

235
5RC).JTE REHAINDER1FRC)4 cP235 TO CP236

.04 .02 .02 5280 .0051
1000 1640 1660 1675 1685 1778 1779 1780
1097 109 1095 1094 1096 1095 1095 1095
HEC-1 INPUT PAGE 13
.......  FUUUUTRT SUUURTE. JURU SN S SN AR SR - SO ||
191
" RETURN DIVERTED HYDROGRAPH AT CP291 IN THE WTPHS1 HEC-1 MODEL
191
5R(’JTE FLOW FRU41CP191 Tg CcP208
022  .022 .050 5280 .0040
1000 1001 1002 1045 1110 1130 1160 1890
1143 1143 1143 1142 1162 1143 1141.5 1150
208
OORUNOFF HYDROGRAPH FROM SUB-BASIN 208
50 .00 4.18 42 .00
40. 40. 40. 57. 133.  156.  188.  206. 226.  243.
265. 294. 320. 371. 453. 523.  489. 424. 379.  34b.
321. 290, 262. 239. 215. 195. 1r2. 137.  110. 72.
72. 67. 67. 50. 40. 40. 40. 17. 12. 12.
12. 12. 12, 12. 12. 12. 12. 12. 12. 0.
0. 0. 0. 0. 0. 0. 0. ) 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
11208
ADD HYDROGRAPHS AT CP208
2 8.32
07
RETURN DIVERT AT CP207
07
snoum FLOW FRCH1CP207 TO CP208
075 .035 .035 5280 .0059
1000 1001 1350 2000 2020 2038 2039 2040
1056 1056 1054 1052 1052 1053 1053 1053
cP208
ADD HYDROGRAPHS AT CP208
2 9.32
D208
19mvem FROM CP208 TO CP219
0 599 5129 9299
0 406 1039 1295
D208
DIVERT FROM CP208 TO CP209A
DI1209A
193 4090 8004
0 193 4066 7610
HEC-1 INPUT PAGE 14
....... TevreeiZeeeeeeBeneeeashereneeSeeeeneiboeeeeeiTonieeeBarieen9......10
R208
5RUTE REMAINDER FROM CP208 TO CP218
025 .025 .035 5280 .0047
j000 1001 1002 1010 1040 1055 1100 2010
1123 1123 1123 1122 1122 1125 1126 1130
218
oonuuorr HYDROGRAPH FROM SUB-BASIN 218
.50 .00 4.20 .39 .00
39. 39. 39. i1, 128. 145. 172.  191.  212.  225.
246.  269.  295. 325. 385. 463. S514.  447.  393.  356.
327. 304, 275. 249. 229. 206. 188.  168. 136.  112.
71. 69. o 6b. 57. 39. 39. 39. 3. 12.
12 12. 12. 12. 12. 12. 12. 12. 12. 12



12. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
11218

ADD HYDROGRAPHS AT CP218
2 10.32
D217
18RETURN DIVERT AT CP217
R217
oROUTE FLOW FRM CP217 TO cP218
.075  .035  .035 5280 .0047
1000 1190 1650 1980 2030 2048 2049 2050
1123 1122 1120 1118 1118 1119 1119 1119
cP218
ADD HYDROGRAPHS AT CP218
2 10.81
D218
237DIVERT FROM CP218 TO CP237
68 1086 10670
0 68 664 2533
D218
moxvsar FROM CP218 TO CP219
0 422 8137
0 0 9 2661
HEC-1 INPUT

.......  DUURRURE SUUUUUTE SO SR SRR U SO : SRS - JUNE 1\
218
ROUTE REMAINDER FROM CP218 TO CP236
.02 .02 .075 5280 .0040
1000 1001 1002 1020 1090 1100 1210 1720
1097 1097 1097 1096 1096 1099 1098 1102
236
00RUNOFF HYDROGRAPH FROM SUB-BASIN 236
.50 .00 3.88 .45 .00
38. 38. 38. 38. 193. 137. 160. 180. 199.  2%4.
229.  251. 276. 297. 343.  419.  470.  474.  411.  366.
334. 310. 288. 261. 236. 220. 196.  181.  161.  132.
108. 70. 67. 6. 62. 0. 38. 38. 38. 3.
12. 12. 12. 12. 12. 12. 12. 2. 12. 12.
12. 12, 12. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0 0.
11236

ADD HYDROGRAPHS AT CP236
2 11.87
cP236
ADD HYDROGRAPHS AT CP236
2 15.37
D236
49oxvsnr FROM CP236 TO CP249
236 411 6597 30351
0 0 38 2223 8777
236
DIVERT FROM CP236 TO CP250
10250
236 313 4376 21576
0 0 126 2251 8636
236
ZRCUTE REMAINDER1FR04 CP236 TO CP237
.02 .02 .02 2640 .0038
1000 1070 1100 1120 1150 1178 1179 1180
1079 1075 1082 1076 1076 1077 1077 1077
209A
0RUNOFF HYDROGRAPH FROM SUB-BASIN 209A
250 .00 4.27 4 .00
22. 22. 22. 42. 75. 89. 103. 115. 12.  137.
152.  166.  191. 238. 275. 260. 22. 199.  181.  167.
149.  134.  121.  108. %. 80. 62. 40. 38. 36.
35. 26. 22. 22. 20. 7. T z 7. 7.
HEC-1 INPUT

....... DU JUUUTUE. JURRRRY S, SUDUUUIY SUR SPU : MUY - SO [
7. 7. 7 7. 7 7 0. 0. 0 0.
0. 0. 0. 0. 0 0. 0. 0. 0 0.
D208

PAGE 15
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687

689
690
691
692
694
695
697

698

RETURN DIVERT AT CP208
D1209A
208
2RQJ’I'E FLOW FROM CP208 TO CP209A
-1
.75 .03 .03 2640  .0045
1000 1490 1890 1950 1970 1998 1999 2000
1130 1128 1126 1126 1126 1125 1125 1125
CP209A
ADD HYDROGRAPHS AT CP209A
2 9.8
09A
DIVERT FROM CP209A TO CP220
10220
0 57 5215 28650
0 3 1907 3775
D209A
WDIVERT FROM CP209A TO CP209
0 18 3308 24875
0 0 900 10854
R209A
7RC!JTE REMAINDER1FR04 CP209A TO CP219
035  .035 .075 5280 .0045
1000 1001 1002 1010 1200 1500 1880 2100
M3 1113 1113 1112 1112 1116 1116 1117
208
9RETURN DIVERT AT CP208
208
ZRGJTE FLOW FRm1CP208 TO CcP219
.07  .075 .075 6070 .0059
7000 1001 1002 1270 2570 2698 2699 2700
1115 1115 1115 1116 1116 1115 1115 1115
219
SoRUNOFF HYDROGRAPH FROM SUB-BASIN 219
.50 .00 4.21 .40 .00
22. 22. 22. i5. 77. 92. 105. 119. 128 140.
158.  173.  202. 247. 289. 253. 220. 196. 180 164.
1%6. 132, 119.  106. 93. 72. 55. 39. 38. 36.
HEC-1 INPUT
....... TeeeeeeaZoneeeaBueneeshbeeeeeeSeeeneasbuneeeeeToneeneiBuueeea9unnn. 10
33. 22. 22. 2 12. 7. 7. 7. 7 z.
7. 7. 7 7. 7. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0 0.
11219
ADD HYDROGRAPHS AT CP219
2 .82
21219
Zmo nmgcmns AT CP219
218
RETURN DIVERT AT CP218
218
12noure FLOW FRm1CP218 10 CP219
.075 g .06 2640  .0045
1000 1110 1290 1600 2050 2108 2109 2110
1101 1100 1098 1096 1096 1097 1097 1097
cP219
ADD HYDROGRAPHS AT CP219
2 11.81
D219
DIVERT FROM CP219 TO CP238
0 70 1410 16774
0 68 990 10452
D219
DIVERT FROM CP219 TO CP220
20220
2 420 6322
0 0 17 3073
219
| ROUTE REMAINDER FROM CP219 TO cP237
.035  .035 .075 5280 .0036
1000 1001 1002 1020 1300 1820 2099 2100
1087 1087 1087 1086 1086 1088 1089 1089

PAGE 17



767
769

LINE

KK
KM
DR

D218
RETURN DIVERT AT CP218
237
HEC-1 INPUT PAGE 18
....... Lo BeeeeeeiheneneeSeeeeeeiboeeeeeiTeueeeeBannnnni9eena. 10
218
1{‘RG..ITE FLOW FRM1CP218 TO cpP237
035  .035 .075 6700 .0046
1000 1001 1002 1020 1300 1820 2099 2100
1087 1087 1087 108 1086 1088 1089 1089
237
5ORUNOFF HYDROGRAPH FROM SUB-BASIN 237
.50 .00 3.61 46 .00
20. 20. 20. 23. é5. 7%. 8s. 98.  108.  115.
126. 139.  151. 169. 204. 261.  255. 219.  195.  176.
162.  150. 135. 123.  113.  100. 93. 80. 62. 49.
35. 35. %0, 32. 3. 20. 20. 20. 9. 6.
6. 6. 6. 6. 6. 6. 6. 6. 6. 6.
6. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
237
ADD HYDROGRAPHS AT CP237
2 11.31
237
ADD HYDROGRAPHS AT CP237
2 12.31
cP237
ADD HYDROGRAPHS AT CP237
2 16.87
D237
50mvsm FROM CP237 TO CP250
0 292 346 629 3340 24038
0 0 0 103 1577 11878
D237
DIVERT FROM CP237 TO CP250A
1D250A
0 292 346 526 1763 12160
0 0 54 203 97 3738
R237
RouTE REMAINDER, FROM cP237 TO CP238
.04 .02 .02 2640 .0049
1000 1545 1560 1570 1585 1618 1619 1620
1069 1066 1067 1062.5 1062.5 1067 1067 1067
HEC-1 INPUT PAGE 19
....... O W SN, TS S SN SO S . R |,
10192
RETURN DIVERTED HYDROGRAPH FROM WTPHS?1 HEC-1 MODEL
192
snoute FLOW rnou1cp19z rg CcP209
.035  .035 5 5280  .0045
1000 1001 1002 1015 1200 1470 1840 2300
1111 1111 1111 110 1110 1112 1146 1116
09
soauuoss HYDROGRAPH FROM SUB-BASIN 209
.50 .00 3.85 .46 .00
22. 22. 22. 51. 80. 97. 111. 123.  134.  148.
166.  183.  221. 273. 289. 24k. 215. 193.  178.  158.
141. 128. 113.  103. ] 6. 40. 40. 37. 37.
23. 22. 22. 1. 7 7 7. 7. 7 7.
7 7. 7. 1 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
11209
2AI'JD HYDgOGRAPHS AT CP209
209A
RETURN DIVERT AT CP209A
09
R209A
7nwre FLOW FRCM1CP209A T0 CP209
075  .035  .035 2640 .0057
1000 1240 1700 1980 1990 3028 3029 3030
1117 1116 1116 112 1112 1113 1113 113



KK
HC
KK
DT
ba
KK
DT
DQ

CP209

ADD HYDROGRAPHS AT CP209

2 11.32

9

DIVERT FROM CP209 TO CP221
10221

0 39 3983 16787

0 34 1666 5085
D209

10DIVERT FROM CP209 TO CP210

5 2317 11702
0 0 703 5354
HEC-1 INPUT
....... Tain mrarniniaBasrons siss Jnmuimreinslhniars siamieDnislornere sOseis simasnl sasinis s B noiainisPssuss-ereie 10
R209

7ROUTE REHAINDER1FR0H CP209 TO CP220
.035 .035 .075 5280 .0040

1000 1001 1002 1015 1180 1560 1820 2050
1091 1091 1091 1090 1090 1092 1094 1095
9A
RETURN DIVERT AT CP209A
R209A
12R0JTE FLOW FRM1CP209A TO CP220
075  .075  .075 6230 .0058
1000 1001 1002 1090 1280 1298 1299 1300
1140 1107 1107 1106 1106 1107 1107 1140
220
ORUNOFF HYDROGRAPH FROM SUB-BASIN 220
.50 .00 4.13 .61 .00
22. 22. 22. WM. 5. 89. 103. 115.  124.  136.
151. 166,  189. 237. 272. 262. 22. 199. 182.  167.
150.  13. 122. 109. 100.-  81. 62. 42. 38. 36.
35. 27. 2. 22. 21. 7 1 7. 7. 7.
7. 7. 7. 7. 7. 7. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
11220
zmo HYDROGRAPHS AT CP220
21220
ADD HYDROGRAPHS AT CP220
2 .82
D219
RETURN DIVERT AT CP219
20
219
3RCLITE FLOW raon1cpz19 T0 CP220
.075  .020 .020 2640 .0045
1000 1460 1670 1700 1730 1768 1769 1770
1088 1085 1087 1080 1080 1087 1087 1087
cP220
ADD HYDROGRAPHS AT CP220
2 13.81
HEC-1 INPUT
....... Teveeeee2eveeeesBennneeshereeeeSeneneeibuoneeeeaToveeeeiBuneaan9.0....10
220
DIVERT FROM CP220 TO CP239
D1239
0 735 9080 34764
0 537 3765 9314
D220
21mvsar FROM CP220 TO CP221
0 198 5315 25450
0 176 4011 17035
R220
SROUTE REMAINDER FROM CP220 TO CP238
.035 .035 .075 5280 .0038
1000 1001 1002 1020 1150 1670 1869 1870
1033 1033 1033 1032 1032 1034 1036 1036

19
RETURN DIVERT AT CP219

R219

PAGE 20
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KK
HC
KK
KM
DT
Da
KK
DT

[
pa
KK
RC

RX
RY

KK
KM
DR
KK
RC
RX
RY
KK
KM
HC
KK
KM
RS

.035  .035 .075 6230 .0051 .
1000 1001 1002 1020 1150 1670 1869 1870
1033 1033 1033 1032 1032 1034 1036 1036
50RUNOFF HYDROGRAPH FROM SUB-BASIN 238
.50 .00  3.52 .47 .00
21. 21. 21. 34. 70. 83. 98. 108. 118.  127.
140,  156.  170.  204. 247. 273. 234.  206. 185.  170.
157.  140.  127.  115.  104. 93. 76. 60. 39. 37.
35. 34, 27. 21. 21. 21. 9. 6. 6. 6.
& 6. 6. 6. 6. 6. 6. 6. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
11238
ADD HYDROGRAPHS AT CP238
2 12.31
21238
ADD HYDROGRAPHS AT CP238
2 16.31
HEC-1 INPUT
....... PR SUUUUUIE: TOURRY SRR SO SRR SRR S - SO [
238
ADD HYDROGRAPHS AT CP238
2 19.37
8
DIVERT FROM CP238 TO CP250A
2D250A
180 568 2711 8584 18252
0 0 184 837 2617
DIVERT FROM CP238 TO CP251
10251
568 2527 7747 15635
0 0 522 2262 4829
238
FoutE REMAINDER FROM CP238 TO CP239
.075 .02 .02 2640 .0023
1000 1230 1780 1790 1800 1810 1829 1830
1062 1060 1058 1056 1056 1058 1059 1059
192
,oRETURN DIVERTED HYDROGRAPH FROM WTPHS1 HEC-1 MODEL
92
ROuTE FLOW an1cp19z 0 cP210
15 A5 A5 5900 .0054
1000 1001 1002 1050 2400 2548 2549 2550
1113.5 1113 1113 1112 1112 1113 1113 11135
10
| RUNOFF HYDROGRAPH FROM SUB-BASIN 210
250 .00 3.8 .52 .00
20. 20. 20. 42. 7. 85. 97. 110.  118.  130.
146. 160, 188.  230. 266.  232. 202. 180.  165. 151
133.  121.  108. 97. 8. 65. 49. 36. 35. 33
. 20. 20 20. 9. 5. 6. 6. 6.
6. 6. 6. 6. 6. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0.
11210
ADD HYDROGRAPHS AT CP210
2 8.78
HEC-1 INPUT
....... TerneaZereneasBeeeeeesdienneeeBuneeeeiboreeeeileneeeniBunnnna 90002210
D209
10RETUI‘!N DIVERT AT CP209
209
JOUTE FLOW FRC)!1CP209 T0 CP210
075  .035  .035 2560 .0030
1000 1001 1630 2120 2250 2268 2269 2270
1162 1102 1100 1098 1098 1099 1099 1099

8R(J.ITE FLOW FROM CP219 TO CP238
1

CP210

ADD HYDROGRAPHS AT CP210
2 11.78

210
1I‘RCIJTE FLOW FRQ41CP210 To crP221

PAGE 22
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996 RC .035 .035 .075 5450  .0033

997 RX 1000 1001 1002 1020 1280 1880 2469 2470

998 RY 1083 1083 1083 1082 1082 1084 1086 1088

999 KK D209
1000 KM RETURN DIVERT AT CP209
1001 DR  1D221
1002 KK R209
1003 KM - ROUTE FLOW FROM CP209 TO CP221
1004 RS 22 all
1005 RC .075 .075 .07 5910  .0044
1006 RX 1000 1001 1002 1120 2150 2278 2279 2280
1007 RY 1091 1091 1091 1090 1090 1091 1091 1091
1008 KK 221
1009 KM RUNOFF HYDROGRAPH FROM SUB-BASIN 221
1010 BA .48
1011 LG .50 .00 3.53 .48 .00
1012 ul 20. 20. 20. 36. 69. 82. 96. 106. 116. 126.
1013 ul 139. 154. 172. 210. 250. 258. 220. 194. 176. 162.
1014 ul 147. 132. 120. 107. 97. 84. 66. 50. 36. 35
1015 ul 33. 33. 20. 20. 20. 15. 6. 6. 6. 6.
1016 Ul 6. 6. 6. 6. 6. 6. 6. 0. 0. 0.
1017 ul 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
1018 KK 11221
1019 KM ADD HYDROGRAPHS AT CP221
1020 HC 2 11.80
1021 KK 21221
1022 KM ADD HYDROGRAPHS AT CP221
1023 HC 2 12.26

HEC-1 INPUT PAGE 24
LINE [0ececnse o oo Unomcond @ winie o it Bivamman G s wmis D sers o5 P T o v 8.innsn Qs s sisims 10
1024 KK D220
1025 KM RETURN DIVERT AT CP220
1026 DR 20221
1027 KK R220
1028 KM ROUTE FLOW FROM CP220 TO CP221
1029 RS 4 -1
1030 RC .075 .035 .035 2200 .0023
1031 RX 1000 1001 1470 1870 2160 2178 2179 2180
1032 RY 1082 1082 1080 1078 1078 1081 1081 1081
1033 KK CP221
1034 KM ADD HYDROGRAPHS AT CP221
1035 HC 2 16.75
1036 KK R221
1037 KM ROUTE FLOW FROM CP221 TO CP239
1038 RS 20 =1
1039 “RC .075 .075 .075 5750 .0032
1040 RX 1000 1001 1002 1320 2850 2998 2999 2999
1041 RY 1100 1071 1071 1070 1070 1071 1071 1100
1042 KK D220
1043 KM RETURN DIVERT AT CP220
1044 : DR DI239
1045 KK R220
1046 KM ROUTE FLOW FROM CP220 TO CP239
1047 RS 21 21
1048 RC .075 .075 .075 5750 .0045
1049 RX 1000 1001 1002 1320 2850 2998 2999 3000
1050 RY 1071 1071 1071 1070 1070 1071 107 1071
1051 KK 239
1052 KM RUNOFF HYDROGRAPH FROM SUB-BASIN 239
1053 BA .48
1054 LG .50 .00 3.56 .47 .00
1055 ul 21. 21. 21 41. 2. 86. 100. 112. 120. 133.
1056 ul 148. 161. 188. 231. 269. 247. 213. 191. 173. 159.
1057 ul 142. 128. 115. 104. 92. 74, 59. 37. 37. 34,
1058 ul 34. 23. 21. 2% 17. 6. 6. 6. 6. 6.
1059 ul 6. 6. 6. 6. 6. 6. 0. 0. 0. 0.
1060 ul 0. 0. 0. 0. 0. 0. 0 0. 0. 0.
1061 KK 11239
1062 KM ADD HYDROGRAPHS AT CP239
1063 HC 2 16.29
1064 KK 21239
1065 KM ADD HYDROGRAPHS AT CP239
1066 HC 2 15.23
HEC-1 INPUT PAGE 25

LINE 1¥l50a0mm0 Riurmie s it Cavsiens L Qs s 5 Seivmens (e T sroiwie v . — S 10
1067 KK CP239
1068 KM ADD HYDROGRAPHS AT CP239
1069 HC 2 20.79
1070 KK

D239
1071 KM DIVERT FROM CP239 TO CP251



PR S Y

_d_a__
Gn=o38

-
—
=
m

NN NNNNNIN = -3 b b w2

20251
0 283 389 786 3215
0 0 69 333 2481
R239
SROUTE REMAINDER1FR0H CP239 TO CP240
.05 .02 .02 2640 .0007
1000 1510 1755 1765 1775 1785 1809 1810
1058 1056 1056 1052 1052 1054 1055 1055
240
40RUN0FF HYDROGRAPH FROM SUB-BASIN 240
.50 .00 3.59 .48 .00
19. 19. 19. 53. 71. 89. 99.  110.  121.  136.
151.  180.  225. 249. 209. 182. 163.  149.  131.  117.
104. 92. 9. 59. 41, %, 32. 32. 21. 19.
19. 11. 6. 6. 6. 6. 6. 6. 6. 6.
6. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
CP240
ADD HYDROGRAPHS AT CP240
2 21.19
240
SROUTE FLOW FR0H1CP240 TO CP241
.025 .02 .02 3600 .0011
1000 1280 1620 1745 1770 1798 1799 1800
1056 1054 1052 1050 1050 1051 1051 1051
213
35RUNOFF HYDROGRAPH FROM SUB-BASIN 213
.35 .35 3.50 .28 .00
31. §1.  124.  16k. 197. 2%4. 345. 37.  285.  235.
189.  151.  103. 56. 52. 32. 26. 10. 10. 10.
10. 10. 0. 0. 0. 0. 0. 0. 0. . 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
13
8RG.ITE FLOW FRG1CP213 TO cP212
025  .022 .025 4060 .0002
1000 1001 1140 1220 1290 1478 1479 1
1077.7 1077.7 1076 1074 1076 1076 1077.7 1077.7
HEC-1 INPUT
....... DO WU, TUONEER  NONENEL "SRG SNSRI, SRS NN . W .
212
54auuorr HYDROGRAPH FROM SUB-BASIN 212
.50 .00  3.59 .49 .00
18. 18. 18. 18. 3%. 59. 69. 80. 87. 95.
102. 109. 116, 127. 137. 148. 171. 205. 226.  232.
203. 183, 167. 155. 146.  135. 124.  114.  106. 97.
89. 8% 70. 57. 49. 32 32. 31. 30. 30.
22, 18. 18. 18. 17. 6. 6. 6. 6. 6.
6. 6. 6. 6. 6. 6. 6. 6. 6. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
SR212
STORAGE ROUTE THROUGH CP212
17 STOR 0 0
0 2.48 13.7% 26.18 63.33
0 0 0 483 6314
1077.1 1078 1079.4 1080 1081
cpP212
ADD HYDROGRAPHS AT CP212
2 0.8
R212
11murs FLOW rnon1cpz1z T0 CP221A
.025 .02 .025 5000 .0002
1000 1001 1070 1090 1220 1287 1289 1290
1077 1077 1076 1074 1076 1079 1079 1079
211
L RUNOFF HYDROGRAPH FROM SUB-BASIN 211
.50 .00 3.69 .52 .00
21. 21. 21. 40. 7. 8. 100. 112. 121.  132.
147. 162. 183.  231. 264. 258. 220. 196.  178.  165.
1%7. 132. 120,  107. 98. 1 60. 43. 37. 35.
35. 28. 21. 21. 21. 8. 6. - 6. 6.
6. 6. 6. 6. 6. 3 0. A 0. 0.
0. 0. " 0. 0. 0. 0 0. 0. 0. 0.
1
<Rreours FLOW FRCM1CPZ11 T0 CP221A
.035  .035  .075 5400 .0009
1000 1001 1002 1020 1100 1620 2119 2120
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222 A dedededa —aea -

222 A2 ededed 32—
NO&
oo

SRER2E J&N ANUNY

— 2 e b 2
[T i

01
ROUTE FLOW FROM CP201 TO CP223

1081 1081 1081 1080 1080 1082 1084 108
HEC-1 INPUT PAGE 27
....... D SRR SRR SR SO SURPRRRT JUNEY SRR - SO [«
1A
31Ruuorr HYDROGRAPH FROM SUB-BASIN 221A
'50 .00 3.66 .53 .00
12. i2. i2. 12, 36. 43. 50. 57. 63. 67.
72. 79. 87. 9. 109. 132.  151.  145. 126.  113.
103. 96. 88. 80. 73. 67. 60. 56. 48. 38.
32. 21. 21. 20. 1. 17. 12. 12. 12 9.
& 4. 4. 4. 4. 4. 4. 4. G, 4.
4. 4. 4. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
11221A
ADD HYDROGRAPHS AT CP221A
2 .80
SR221A
STORAGE ROUTE THROUGH CP221A
1 STOR 0 0
0 1.31 8.04 28.16 40
0 0 0 2250 5262
1077 1078 1078.9 1080 1080.5
cP221A
ADD HYDROGRAPHS AT CP221A
2 1.69
R221A
6RCXJTE FLOW FRW1CP221A TO CP222
025  .022 .022 7800 .002
1000 1001 1070 1090 1220 1287 1289 1290
1077 1077 1076 1076 1074 1079 1079 1079
222
10RUNOFF HYDROGRAPH FROM SUB-BASIN 222
231 .35 3.59 .29  15.00
3%. 3%, 34. 3. 3. 112.  121.  135.  158.  168.
184. 194,  205. 219. 237. 257. 272. 305. 354.  407.
455.  414. 370. 337. 311. 291. 274. 257. 236.  218.
204. 189. 173. 163.  148.  130. 98. 87. 60. 60.
58. 56. 56. 47, 3%, 3%. 3. 3. 2. 10.
10. 10. 10. 10. 10. 10. 10. 10. 10. 10.
10, 10. 10. 10, 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
cP222
ADD HYDROGRAPHS AT CP222
2 2.7™
HEC-1 INPUT PAGE 28
....... PR SUUPR: JUUURRY SRR SUSTUTIY- SUR SRS SO - SR [
22
8Rours FLOW raon1cpzzz T0 CP241
.03 .05 .03 5770 .0022
1000 1100 1320 1540 2350 2470 2630 2710
1057 1056 1056 1052 1052 1054 1056 1057
226
18RUNOFF HYDROGRAPH FROM SUB-BASIN 226
.15 .26 3.53 .34 17.00
134.  343. 641.  827. 109. 1619. 1306. 1008.  765.  549.
283.  214.  13. 68. 41, 41, 41. 0. 0. 0.
0. 0. 0. 0. 0. : 0. ) 0. 0.
SR226
STORAGE ROUTE THROUGH CP226
17 STOR 0 0
0 0.26 3.3¢ 18.04 51.46 102.86 171.74
0 0 21 136 428 875 1487
1075.2 1075.5 1076 1076.5 1077 1077.5 1078
R226
26Rours FLOW FR0M1c9226 10 cP223
.05 .05 .05 7840 .0011
1000 1200 1300 1500 1600 1800 1900 2000
1100 1074.5 1076 1073 1073 107 1074.5 1100
201
“RUNOFF HYDROGRAPH FROM SUB-BASIN 201
.35 35 3.56 .29 .00
38, 96. 180. 233. 304. 457. 381. 29%.  225.  166.
86. 6b. 40. 2. 12. 12. 12. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.



1235 RS 19 -1 0

1236 RC .05 .035 .050 7000 .0017

1237 RX 1000 1200 1300 1500 1600 1800 1900 2000

1238 RY 1078 1074.5 1074 1073 1073 1074 1074.5 1078

1239 KK 223

1240 KM RUNOFF HYDROGRAPH FROM SUB-BASIN 223

1241 BA 1.26

1242 LG .12 .33 5.09 .20 72.00

1243 ul 119. 218. 491. 643, 786. 1003. 1453. 1254. 993. 797.

1244 ul 634. 465. 257 200. 140. 112. 37. 37. 37. 37.

1245 ul 37. 0. 0. 0. 0. 0. 0. 0. 0. 0.

1246 ul 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
HEC-1 INPUT PAGE 29

LINE ID. oiemimss | . — Beeis siniers Geconnns D mine beucinees s Sy 8l ssasas D e 10

1247 KK 11223

1248 KM ADD HYDROGRAPHS AT CP223

1249 HC 2 1.60

1250 KK  CP223

1251 KM ADD HYDROGRAPHS AT CP223

1252 HC 2 2.78

1253 KK D223

1254 KM DIVERT FROM CP223 TO CP225

1255 DT  DI225

1256 DI 0 60 400 1000 4000 8000

1257 pa 0 60 60 60 60 60

1258 KK R223

1259 KM ROUTE REMAINDER FROM CP223 TO CP224

1260 RS 4 =1

1261 RC .03 .025 .03 2900 .0017

1262 RX 1000 1120 1350 1590 1780 1960 2129 2130

1263 RY 1067 1066 1064 1063 1063 1064 1065.5 1065.5

1264 KK 224

1265 KM RUNOFF HYDROGRAPH FROM SUB-BASIN 224

1266 BA .80

1267 LG 35 .32 4.03 .25 .00

1268 ul 9. 258. 469. 606. 833, 1145. 854. 655. 492. 310.

1269 ul 163. 121. 7. 29. 29.” 29. 29. 0. 0. 0.

1270 ul 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.

1271 KK  CP224

1272 KM ADD HYDROGRAPHS AT CP224

1273 HC 2 3.58

1274 KK R224

1275 KM ROUTE FLOW FROM CP224 TO CP241

1276 RS 7 =

1277 RC .03 .025 .03 5460 .0027

1278 RX 1000 1100 1320 1540 2350 2470 2630 2710

1279 RY 1057 1056 1054 1052 1052 1054 1056 1057

1280 KK 241

]gg; gﬂ RUNOFF HYDROGRAPH FROM SUB-BASIN 241

A s

1283 LG .38 .28 4.04 .40 .00

1284 ul 133. 206. 513. 682. 817. 1005. 1376. 1635. 1253. 1036.

1285 ul1 834. 673. 488. 276. 223. 162. 133. 50. 4. 41.

1286 ul M. 41. 0. 0. 0. 0. 0. 0. 0. 0.

1287 ul 0. 0. 0 0. 0. 0. 0. 0. 0. 0.
HEC-1 INPUT PAGE 30

LINE IDicccesce VssiwsinmsBiatsiome ndwers v bossonen Suvannan (- TR omoretaan Borseenr o 10

1288 KK 11241

1289 KM ADD HYDROGRAPHS AT CP241

1290 HC 2 5.09

1291 KK 21241

1292 KM ADD HYDROGRAPHS AT CP241

1293 HC 2 7.88

1294 KK  CP241

1295 KM ADD HYDROGRAPHS AT CP241

1296 HC 2 29.07

1297 KK  SR241

1298 KM STORAGE ROUTE THROUGH CP241

1299 RS 1 STOR 0 0

1300 sV 0 .09 .65 .9 8.45 16.94

1301 sQ 0 4 280 324 1773 7505

1302 SE 1042.2 1044 1046 1046.3 1048 1049

1303 KK R241

1304 KM ROUTE FLOW FROM CP241 TO CP253

1305 RS b =

1306 RC .075 .03 .075 5700 .0039

1307 RX 1000 1001 1440 1565 1585 1700 2324 2325

1308 RY 1030 1030 1028 1026 1026 1028 1030 1030

1309 KK 253

1310 KM RUNOFF HYDROGRAPH FROM SUB-BASIN 253

1311 BA 1.00



11248 '
ADD HYDROGRAPHS AT CP248
2 4.09

21248
ADD HYDROGRAPHS AT CP248
2 4.59

D235
48RETURN DIVERT AT CP235

35
ROUTE FLOW FROM CP235 TO CP248

42. &2 42 67. 140 164 195.  214.  235.  253.
280 310 339,  406. 491 545 470. 413, 371, 341.
314 280 255.  230. 207 188 153.  119. 80. 73.
70 68 56. %2, 42 42 20. 13. 13. 13.
13 13 13. 13. 13 13 13. 13. 0. 0.
0 0 0 0. 0 0 0. 0. 0. 0.
11253
ADD HYDROGRAPHS AT CP253
2 30.07
53A
zsnuuorr HYDROGRAPH FROM SUB-BASIN 253A
.32 33 4.04 .37 .00
29. 75. 139, 179, 239.  349.  27%.  211.  160.  111.
57. 43. 29. 12. 9. 9. 9. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
HEC-1 INPUT
....... D SUUUTU SO SRR SURETIY S SUIT: SURRE - SO I
R253A :
10R0JTE FLOW FRM1CP253A TO CP253
075  .075  .075 2800 .0030
ijo00 001 1010 1110 1320 1480 1709 1710
1027 1027 1026 1025 1025 1026 1027 1027
21253
ADD HYDROGRAPHS AT CP253
2 30.32
247
50RUNOFF HYDROGRAPH FROM SUB-BASIN 247
.50 .00 4.21 .40 .00
21. 21. 21. 38. 72. 8. 100.  111.  121. 131,
145. 161, 180,  219.  261. 269. 229.  203.  183.  169.
153,  137. 125. 111.  101. 8s. 68. 52. 37. 37.
35. 3. 21. 21. 21. 15. 6. 6. 6. 6.
6. 6. 6. 6. 6. 6. 6. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
D247
61mvsnr FROM CP247 TO CP261
3183 4006 8756 30610
0 0 293 4086
247
6RGJTE REHAXNDER1FRG4 CP247 TO CP248
.075 .03 .03 5280 .0049
1000 1370 1800 1950 2080 2108 2109 2110
1100 1098 1096 109 1094 1095 1095 1095
48
oaunorr HYDROGRAPH FROM SUB-BASIN 248
.50 .00 4.22 .40 .00
37. 37. 37. 37. 108. 13. 156. 177.  19%.  210.
225. 245. 269. 290. 328. 399.  454.  482.  417.  371.
338, 312, 291, 264, 261. 221. 201. 18.  169.  142.
107. 8. 86. 65. 1. 61. 45. 37. 37. 37.
2. 11. 11. 11. 11. 11, 11. 11. i 11.
11. 1. 11. . 0. i 0. 0. 0. 0.
0. 0. 0. 0 0. 0 0. 0. 0. 0.
23
RETURN DIVERT AT CP234
10248
HEC-1 INPUT
..... T JUUUREE: SO SUUPUDE- SUSUY. SO JURRIY  SUPRRIE - SRS (i
234
SRwTE FLOW FROM CP234 TO CP248
.02 .02 .06 6550 .0050
1000 1001 1002 1040 1090 1100 1130 2000
1101 1101 1101 1100 1100 1101 1100 1102
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1390
1391
1392
1393

1394
1395
1396

1397

1464
1465
1466

KK
HC

4 &
.02 .02 .04 5280 .0051
1000 1001 1002 1040 1090 1100 1130 2000
1101 1101 1101 1100 1100 1101 1100 1102
CcP248
ADD HYDROGRAPHS AT CP248
2 12.55
D248
6201vsm FROM CP248 TO CP262
0 691 6380 18685
0 683 5565 15348
248
 ROUTE REMAINDER1FR04 CP248 TO CP249
.075 .035  .035 5280 .0036
1000 1290 1690 1970 2000 2028 2029 2030
1085 1084 1082 1080 1080 1081 1081 1081
249
1 o UNCFF HYDROGRAPH FROM SUB-BASIN 249
'50 .00 3.98 .48 .00
37. 37. 37. 37.  1i2.  136.  159. 179.  197.  213.
228.  249.  274.  29. 338.  415. 461. 478.  412.  368.
335 310 290. 261. 238. 220. 198.  181.  163.  135.
108. 75. 66. 4. 62. 62. 39. 37. 37. 37.
17. 11, 11. 1. 11. 11, 1. 11. 1. 1.
11. 1. 1. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
HEC-1 INPUT
.......  PUTEY SRR SUY SR SO SN SN : ST - S [
11249
ADD HYDROGRAPHS AT CP249
2 13.55
6
RETURN DIVERT AT CP236
236
6RGJTE FLOW FRon1CP236 T0 CP249
.02 .02 .075 5280 .0036
1000 1001 1002 1040 1100 1110 1280 1520
1073 1073 1073 1072 1072 1074 1076 1078
CcP249
zmo um;osm\pus AT CP249
49
DIVERT FROM CP249 TO CP264
D1264
0 72 656 2109 5685
0 0 66 481 1756
49
6Rours Rmxuoen1raan CP249 TO CP250
.05 .03 .03 5280 .0040
1000 1580 1660 1670 1705 1728 1729 1730
1100 1058 1059 1058 1058 1059 1059 1100
0236
RETURN DIVERT AT CP236
236
Sqacme FLOW rm1c9236 T0 CP250
075  .075  .075 7540 .0047
1000 1001 1002 1140 2330 2718 2719 2720
1071 1071 1071 1070 1070 1071 1071 1071
250
Agaunon HYDROGRAPH FROM SUB-BASIN 250
.50 .00 3.73 47 .00
21. 21. 21. 40. 7. 8. 100. 112. 121.  132.
147.  161.  183.  230. 263. 258. 221. 196.  178.  165.
147.  132. 121.  107. 98. 82. 60. 43. 37. 35.
35. 28. 21. 21. 21. 8 6. 6. 6. 6.
6. 6. 6. 6. : 6. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
HEC-1 INPUT
....... DU JUUUPUTE: SUUUR SO SR SO SUUNE - SO - SRR |
11250

ADD HYDROGRAPHS AT CP250
2 15.86
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KK
DR
KK
RS
RC

RX
RY

KK
DT
DQ
KK
KM
RC
RX
RY
KK
DR
KK

D237
50RETURN DIVERT AT CP237

37
10RC1JTE FLOW FRCH1CPBT T0

CP250

035 .035 .075 5280 .0032
i000 1001 1002 1010 1120 1670 1929 1930
1058.5 1058.5 1058.5 1058 1058 1060 1061 1061
21250
ADD HYDROGRAPHS AT CP250
2 17.36
CP250
ADD HYDROGRAPHS AT CP250
2 19.86
250
SRWTE FLOW FROM CP250 TO CP250A
.05 .03 .03 3050 .0036
1000 1580 1660 1670 1705 1728 1729 1730
1100 1050 1051 1050 1050 1051 1051 1100
7
RETURN DIVERT AT CP237
1D250A
R237
12RWTE FLOW FRm1CP237 TO CP250A
02 .035 .075 6550 .0040
1000 1030 1050 1070 1220 1580 1839 1840
1051 1050 1051 1050 1050 1052 1054 1054
0A
51RUN0FF HYDROGRAPH FROM SUB-BASIN 250A
250 .00 3.59 47 .00
50.  30. 3. .  &. 7. 9. 102. 111.  120.
1500 145, 157, 178, 220, 251, 257, 221. 196.  179.
165, 152, 13. 125. 113, 102 A S-S ¥y
3%, 3. 3. 33 2. 20 20 18 Hy 5.
6. 6. 5. 5. 6. 6. 6. 6. 6. ‘.
0. 0. 0 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
HEC-1 INPUT
....... S SUUTT SRR SUUUUUOr SRR SO SURURY JUPRURY: WP - TR I
112504
ADD HYDROGRAPHS AT CP250A
2 17.38
0238
RETURN DIVERT AT CP238
20250A
R238
o OUTE FLOV FROH CP238 TO CP250A
02 .035 .075 5280 .0030
1000 1030 1050 1070 1220 1580 1839 1040
1051 1050 1051 1050 1050 1052 1054 1054
212504
0D, HYDROGRAPHS AT CP250A
CP250A
ADD HYDROGRAPHS AT CP250A
2 22.87
oA
DIVERT FROM CP2S0A TO CP265A
DI265A
825 2520 4782 10712
0 0 13 176 958
D250A
6601VERT FROM CP250A TO CP266
0 825 2507 4608 9754
0 0 1091 2626 4520
R250A
(ROUTE REMATNDER FROM CP25O0A TO CP251
075 .03 .03 2550 .0031
000 1001 1440 1650 1680 1708 1709 1710
1043 1063 1042 1040 1040 1041 1041 1041

D238
5‘|RETURN DIVERT AT CP238

R238
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1546
1547
1548
1549
1550

AZRwTE FLOW FROM CP238 TO CP251

.075  .075  .075 5910 .0041
1000 1001 1002 1120 2210 2488 2489 2490
1047 1047 1047 1046 1046 1047 1047 1047
HEC-1 INPUT PAGE 36
.......  PUPUUTRY USRI JUY SRR SRR SUURTE JUUUEY: SR - SO 11
251
5ORUNOFF HYDROGRAPH FROM SUB-BASIN 251
.50 .00  3.53 .48 .00
21. 21. 21. 34. 70. 83. 98.  108.  118.  127.
161.  156. 171. 204, 248. 273. 234.  206. 185.  170.
157.  140.  127.  115.  104. 93. 75. 60. 3. 37.
35. 3. 27. 21. 21. 21. 9. 6. 6. 6.
6. 6. 5 6. 6. 6. 6. 6. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0 0.
11251
ADD HYDROGRAPHS AT CP251
2 19.87
D239
51RETURN DIVERT AT CP239
9
6RGJTE FLOW FROM CP239 TO CP251
.035  .035 .075 5280 .0034
7000 1001 1002 1055 1095 1770 1959 1960
1049 1049 1049 1048 1048 1050 1051 1051
21251
ADD HYDROGRAPHS AT CP251
2 21.29
cP251
ADD HYDROGRAPHS AT CP251
2 2.7
D251
&oxvem FROM CP251 TO CP266
0 70 825 2936
0 48 687 2384
51
6RwTE nsmnosn1mm CP251 TO CP252
075 .035 .035 2640 .0019
1000 1001 1240 1880 1970 1998 1999 2000
1039 1039 1038 1036 1036 1037 1037 1037
52
oguuon HYDROGRAPH FROM SUB-BASIN 252
.50 .00  4.45 .40 .00
21. 21. 21. 33. é9. 81. 97. 106.  116.  125.
138.  153.  167. 19. 241.  27e. 7. 207. 187. 17.
158.  141. 128. 116.  104. 9. . 59. 43. 37.
HEC-1 INPUT PAGE 37
....... TeveeeeaZeneeeesBenennnhoseeeeiSeeeneeeboeenesaToeeeeeBiieeei9oe....10
35. 3%. 30. 21. 21. 21. 13. 6. 6. 6.
6. 6. 6. 6. 6. 6. 6. 6. 0. 0.
" 0. 0. 0. 0. 0. ‘ 0. 0. 0.
cpP252
ADD HYDROGRAPHS AT CP252
2 25.29
252
DIVERT FROM CP252 TO CP267
D1267
0 67 2745 5417 10449
0 66 2582 5037 8991
R252
| ROUTE REMAINDER FROM CP252 TO CP253
075 0.35 .035 2900 .0028
j000 1001 1002 1910 1930 1958 1959 1960
1032 1032 1030 1028 1028 1029 1029 1029
cP253
ADD HYDROGRAPHS AT CP253
2 34.82
SR253
STORAGE ROUTE THROUGH CP253
1" STOR 0 0
0 .045 3.58 16.31 29.98 43.46 60.96
0 2 190 380 1145 3731 6823
1021.1 1022 1024 1025.3 1026 1026.5 1027.0



1623

53
7RCIJTE FLOW FRCH1CP253 TO CP268
075 .03 075 5280 .0023

267
50RUNOF F HYDROGRAPH FROM SUB-BASIN 267

1000 1001 1002 1400 1520 2630 2629 2628
1100 1022 1022 1020 1020 1022 1022 1100
268
95RUNOFF HYDROGRAPH FROM SUB-BASIN 268
'50 .00 5.00 .38 .00
36. 36. 36. 3. 116. 134.  158.  176.  196.  209.
226. 247, 273.  295. 346.  413.  479.  436.  381.  343.
314. 291, 269. 260, 222. 201. 182.  1&9.  141.  109.
86. 6. 4. 60. 60. 43. 36. 36. 36. 20.
11. 11. 11. 31- 11. 1. 1. 11. 11. 11.
11. 1. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
HEC-1 INPUT
....... DU SUUURR SUUURTRY SRR, SO SRR SO SO - SO [
11268
ADD HYDROGRAPHS AT CP268
2 35.77
0A
RETURN DIVERT AT CP250A
R250A
15R0JTE FLOW rnon1cpzsoa O CP266
.03 .03 .075 6230 .0034
1000 1001 1002 1060 1110 1838 1839 1840
1031 1031 1031 1030 1030 1032 1032 1032
66
RUNOFF HYDROGRAPH FROM SUB-BASIN 266
.50 .00 3.50 47 .00
12. j2. i2. i2. 28. 40. 46. 5. 59. 64.
68. 73. 79. 87. 9. 108. 131.  145. 150.  130.
116.  106. 98. 92. 8-  77. 7. 65. 59. 55.
48. 39. 3%. 21. 21. 20. 19. 19. 13. 12
12. 12. 8. 4. & 4. 4. 4. 4 4.
& L. 4. 4. 4. 4. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
11266
ADD HYDROGRAPHS AT CP266
2 23.20
51
RETURN DIVERT AT CP251
20266
251
6RWTE FLOW FROM CP251 TO CP266
.03 .03 .075 5280 .0025
1000 1601 1002 1060 1110 838 1839 1840
11700 1031 1031 1030 1030 1032 1032 1032
CcP266
ADD HYDROGRAPHS AT CP266
2 25.12
D266
a3mvem FROM CP266 TO CP283
0 231 647 1811 5693
0 38 e 203 1051
HEC-1 INPUT
....... | . S N N SR RS S (e I 1
66
‘RwTE REMAINDER1FR01 CP266 TO CP267
075 .035  .035 2500 .0036
1000 1001 1002 1480 1890 1908 1909 1910
1100 1021 1021 1020 1020 1021 1021 1100
D252
RETURN DIVERT AT CP252
67
252
stTE FLOW FRG41CP252 TO CP267
.02 .03  .075 5280 .0032
1000 1020 1050 1065 1085 1590 1919 1920
1027 1026 1027 1026 1026 1028 1029 1029
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1701

KK
DT
Da
KK
RC

RX
RY

KK
HC
KK
RC

RX
RY

.50 .00 5.36 .36 .00
21. 21. 21. 33. 69. 31. 97.  106.  116.  125.
138. 153, 167,  199. 241. 272. 237. 207. 187.  171.
158.  141. 128, 116.  104. 9. 7. 59. 43. 37.
35. 3%. 30. 21. 21. 2. 13, 6. 6. 6.
6. 6. b 6. 6. 6. 6. 6. 0. 0.
0. 0. 0 0. 0 0. 0. 0. 0. 0.
11267
ADD HYDROGRAPHS AT CP267
2 25.79
CP267
ADD HYDROGRAPHS AT CP267
2 26.12
67
DIVERT FROM CP267 TO CP284
D1284
0 5.4 506 3382
0 5.4 412 1981
67
5‘R(lJ’I'E REMAINDER1FRO| CP267 TO CP268
.075 .035 .035 2350 .0013
1000 1001 1220 1600 1890 1928 1929 1930
1017 1017 1016 1014 1014 1015 1015 1015
HEC-1 INPUT
....... Booe siniassnBasns o wmss Do s s n snnDnnunsnoBansesnelas samssBysssssads s suns 10
268
ADD HYDROGRAPHS AT CP268
2 36.60
68
STORAGE ROUTE THROUGH CP268
1 STOR 0 0
0 7.0 46.85 92.08 12.01
0 0 288 3172 8930
1008.3 1009.3 1011 1012 1012.5
R268
11aoms FLOW FRG!1CP268 T0 CP286
.075 .05 .075 6700 .0031
1000 1001 1260 1650 2410 2870 2059 2060
1003 1003 1002 1000 1000 1002 1004 1004
286
S RUNOFF HYDROGRAPH FROM SUB-BASIN 286
'50 .00 5.06 .37 .00
30. 30. 30. §3.  101. 120.  141.  156.  170.  185.
205. 226. 253. 312. 367. 375. 320. 283. 256.  236.
214, 191, 175.  155.  141.  121. 93. 1. 53. 51.
49. 46. 30. 30. 30. 19. 9. 9. 9. 9.
9. 9. 9. 9. 9. 9. 9. 0. 0. 0.
0 0. 0. 0. 0. 0. 0. 0. 0. 0.
11286
Zmo umgosmns AT CP286
288
zznuuorr HYDROGRAPH FROM SUB-BASIN 288
.50 .00  7.50 19 .00
8. 8. 8. ; 27. 31. 37. &1. 46. 49.
53. 58. 6h. 69. 82. %8. 112.  100. 8s. 7.
72. 7. 62. 56. 51. 46. 42. 39. 32. 2%
18. 15 15. 14. 14. 9. 8. 8. 8. 3.
3. 3. 3. 3. 3. 3. 3. 3. 3. i
3. 3 0. 0. 0. 0. 0. 0. 0. 0.
0. 0 0. 0. 0. 0. 0. 0. 0. 0.
288
3'acsms FLOW FRG!1CP288 TO CP286
.03 .035 .075 1500 .0033
jo00 1001 1002 1040 1055 1280 1849 1850
997 997 997 996 996 998 1000 1000
HEC-1 INPUT
....... TRV W SNRY TN NOTNIIDR PSRN JYRNPRGRT . NN - SRS, |
286
ADD HYDROGRAPHS AT CP286
2 37.52
286
Zaoure FLOW FRw1CP286 T0 cP287
075 .075  .075 1100 .0027
1000 1001 1210 1510 1950 2360 2529 2530
1000 993 992 990 950 992 993 1000
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KK

LG
ul
ul
ul
ul
KK
HC
KK
KM
DR
KK
RS
RC
RX
RY
KK

BA
LG

ul
ul
ul
Ul
KK

HC

287
23RUN0FF HYDROGRAPH FROM SUB-BASIN 287
.50 .00 3.77 .38 .00
i5. i5. 39. é3. 77. 89. 103. 121.  158.  19%.
165.  138.  120.  102. 87. Ta. 56. 36. 27. 25.
18. 15. 11. 5. 5. 5. 5. 5. 5. 5.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
11287
ADD HYDROGRAPHS AT CP287
2 37.75
D266
RETURN DIVERT AT CP266
83
R266
12RGJTE FLOW FRW1CP266 TO CP283
.03 .03 .075 5900 .0017 .
1000 1001 1002 1030 1050 1240 1479 1480
1021 1021 1021 1020 1020 1022 1023 1023
283
| RUNOFF HYDROGRAPH FROM SUB-BASIN 283
'50 .00 3.52 47 .00
7. 7. T 13, 23. 28. 32. 36. 39. 42,
i7. 52. 58. 7. 8. 85. 7. 85. 58. 54.
49. 4. 40. 35. 32. 28. 21. 16. 12. 12.
11. 10. 7. 7. 7« 4. 2. 2. 2. 3
2. 2 2. 9 2. 2 2. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
cP283
ADD HYDROGRAPHS AT CP283
2 25.28
HEC-1 INPUT
....... NS NUUPIE: SRU "ONUOON . TONE  WRIRPRES. SRR . (O - R |
283
5Rours FLOW Fnon1cpzas 10 CP2858
075  .075  .075 1100 .0045
1000 1001 1002 1070 1700 1748 1849 1850
1001 1001 1001 1000 1000 1001 1001 1001
58
oeRUNOFF HYDROGRAPH FROM SUB-BASIN 2858
50 .00 3.50 47 .00
7. 20. 36. &7, 65. 86. 63. 48. 36. 21.
12. 9. 5. 2, 2. 2. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
CcP2858
ADD HYDROGRAPHS AT CP285B
2 25.3%
SR2858
STORAGE ROUTE THROUGH CP285B
1" STOR 0 0
0 .7 5.8 7.8 10.0
0 16 227 435 1468
1005.5 1006.9 1009.5 1010.0 1011.0
D2858
7omam FROM CP285B TO CP297
0 16 227 435
0 16 227 274
R2858
7RGJTE REMAINDER  FROM CP2858 TO CP285A
075 .035 .035 1072 .0009
1000 1001 1002 1280 1550 1598 1599 1600
1011 1011 1011 1010 1010 1015 1015 1015
D267
RETURN DIVERT AT CP267
84
267
9RU..ITE FLOW FRG!1CP267 TO CP284
025  .025 .05 6080 .0008
1000 1001 1002 1040 1060 1190 1740 1940
1013 1013 1013 1012 1012 1016 1016 1017
HEC-1 INPUT
....... T v wnsssBnsnn nniae warene slisais e wais Vs danme shiies s aws PrammesaBis s Tumwus 10

84
RUNOFF HYDROGRAPH FROM SUB-BASIN 284
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1898

1930
1931

1936
1937

.50 .00 3.5 .46 .00
21. 21. 21. 33. 71. 8. 100. 110.  120.  130.
143. 158, 173,  204. 247. 282.  248.  216.  195.  178.
165.  148. 133, 122.  108.  100. 84. 63. 47. 38.
37. 35. 33. 21. 21. 21. 15. 7 7 7.
7. 7. 7. 7 7. 7. 7 7 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
CP284
ADD HYDROGRAPHS AT CP284
2 26.64
84
STORAGE ROUTE THROUGH CP284
1" STOR 0 0
0 .18 25.77 34.058 60.22 83.97
0 0 0 0 457 2222
1007.6 1008 1010 1010.3 1011 1011.5
R284
ZRGJTE FLOW FRw1CP284 TO CP285A
.07  .075  .075 1050 .0076
1000 1001 1002 1020 1440 1448 1449 1450
1050 1009 1009 1008 1008 1009 1009 1050
285A
06RUNOFF HYDROGRAPH FROM SUB-BASIN 285A
'50 .00 3.50 Fd .00
7. 18. 33. 3. 57. 8. 66. 51. 38. 27.
T4, 10. 7. 3. 2. 2. 2. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
11285A
ADD HYDROGRAPHS AT CP285A
2 26.70
CP285A
ADD HYDROGRAPHS AT CP285A
2 26.92
SR285A
STORAGE ROUTE THROUGH CP285A
1" STOR 0 0
0 A3 4.35  4.40  5.19 6.89 15.46
0 35 193  196.5 246.5 925.5 3914
999.7 1000.7 1005.47 1005.5 1006.0 1006.5 1007.5
HEC-1 INPUT PAGE 44
....... TeverreeZonaeneaBeceneechoceeescSunneeesboreeeeeloeeeeeeBunenna90.....10
D285A
DIVERT FROM CP285A TO CP297A
1D297A
35 193 196 266 925
0 35 193 196 218 237
R285A
2Rours REMA!NDER1FR04 CP285A TO CP285
.07 .02 .025 1745  .0029
1000 1001 1530 1540 1550 1560 1570 1610
1010 999 998 996 996 998 1000 1010
285
MRUNOFF HYDROGRAPH FROM SUB-BASIN 285
.50 .00 3.50 47 .00
5. 14. 25. 3. 46. 58. 42. 32. 23. 12.
8. 5. 1 1z 1. 1. ) 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
cP285
ADD HYDROGRAPHS AT CP285
2 26.96
SR285
STORAGE ROUTE THROUGH CP285
1" STOR 0 0
0 A7 1.61 0 6.19
0 82 69 1687
1002.8 1003 1003.5 1004
285
DIVERT FROM CP285 TO CP297A
20297A
0 82 69 1687
0 3 188 462
285
2R(lJTE REMAINDER1 FROM CSZBS 70 cP287
.075 .02 .025 2660 .0061
1000 1001 1530 1540 1550 1560 1570 1610
999 999 998 996 996 998 1000 1010
cP287



KM ADD HYDROGRAPHS AT CP287
HC 2 38.59
HEC-1 INPUT
IDeveennn Jo— A  JR—— 4 iate aloe 5ennns Buvunnnn T swinre s . (AR—— O ire e 10
KK  SR287
KM STORAGE ROUTE THROUGH CP287
RS | STOR 0 0
sV 0 14.18 61.23 266.05 356.54 502.54
sQ 0 373 2288 4167 5000 6570
SE 988 990 992 994  994.5 995.23
KK  R287
g SROJTE FLOW ka1cpza7 rg cP298
RC .05 .03 .05 4370 .0023
RX 1000 1200 1380 1500 1890 2090 2330 2560
RY 990 988 986 984 984 986 988 990
KK 298
gn “RUNOFF HYDROGRAPH FROM SUB-BASIN 298
A .
LG .50 .00 3.53 .46 .00
ul 40. 40. 40. 105. 146. 181. 203. 225. 247. 277.
Ul 306. 360. 445, 521. 449. 388. 347. 316. 282. 250.
Ul 224. 199. 175. 137. 102. 70. 68. 65. 54. 40.
uI 40. 36. 12. 12. 12. 12. 12. 12. 12. 12.
Ul 12. 12. 0. 0. 0. 0. 0. 0- 0. 0.
uI 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
KK CP298
KM ADD HYDROGRAPHS AT CP298
HC 2 39.43
KK  SR298 ’
KM STORAGE ROUTE THROUGH CP298
RS 1 STOR 0 0
sV 0 .08 7.03 9.28 32.19 53.97
sQ 0 0 0 0 2881 8075
SE  975.5 976 978 978.3 980 981
KK  R298
KM 6R0JTE FLOW Fkon1cpz98 tg cP316
RS -
RC .05 .03 .05 5280 .003
RX 1000 1100 1210 1410 1830 2030 2140 2310
RY 980 978 976 974 974 976 978 980
KK 316
gn 2Ruuorr HYDROGRAPH FROM SUB-BASIN 316
A 1
LG .50 .00 3.57 42 .00
Ul 33. 33. 33. 43, 108. 125. 151. 165. 181. 195.
uI 212. 236. 255. 293. 363.  410. 409. 352. 314. 286.
ut 264. 243. 217. 198. 180. 163. 147. 121. 9%, 65.
ul 58. 55. 54. 48. 33. 33. 33. 2. 10. 10.
uI 10. 10. 10. 10. 10. 10. 10. 10. 10. 10.
ut 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
Ul 0. 0. 0. 0. 0. 0. 0. 0. 0.
HEC-1 INPUT
D eiaisismn . P | s P Y | TR Gisiiomasiilsansves [ — .- SRS 10
KK CP316
KM ADD HYDROGRAPHS AT CP316
HC 2 40.25
KK 16
g ROUTE FLOW FRCH1CP316 Tg cP334
RC .06 .03 .06 3280 .003
RX 1000 1360 1570 1590 1780 2070 2280 2400
RY 966 960.5 961 960 960 962 964 965
KK 34
KM “RUNOFF HYDROGRAPH FROM SUB-BASIN 334
BA :
LG .50 .00 3.57 .43 .00
uI 30. 30. 30. 76. 109. 133. 151. 167. 182. 204.
uI 227. 259. 327. 382. 351.  300. 267. 2463, 219. 194.
ul 176. 153. 140. 115. 86. 57. 53. 49. 49. 30.
ut 30. 30. 16. 9. 9. 9. 9. 9. 9. 9.
ul 9. 9. 9. 0. 0. 0. 0. 0. 0. 0.
Ul 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
KK 11334 .
KM ADD HYDROGRAPHS AT CP334
HC 2 40.89
KK 85
KM RETURN DIVERT AT CP285
DR 2D297A
KK 285
E: 5Roure FLOW FRQ41CP285 Tg CP297A
RC .03 .03 .07 3950 .003
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1000 1001 1002 1020 1050 1460 1819 1820
1050 997 997 996 996 998 999 1050
A
RETURN DIVERT AT 285A
1D297A
R285A
5Rc:ure FLOW FROM CP285A go CP297A
-1
.03 .03 .07 4370 .0041
1000 1001 1002 1020 1050 1460 1819 1820
997.5 997 997 996 996 998 999 99
97A
27RUN('M-'F HYDROGRAPH FROM SUB-BASIN 297A
.50 .00 3.50 47 .00
Y6 14. i7. 48. 59. 70. 79. 88.  100.  112.
136.  175.  178.  147. 128.  115.  102. 89. 78. 69
HEC-1 INPUT PAGE 47
.......  PUUUUTEY SO SO SR SRS SN SURRUUEE: SN - R [+
58. 42 26 25 23 19. 14. 14 9. 4.
4. 5 4 A 4 4. 4. 0 0. 0.
0. 0 0 0. 0 0. 0. 0 0. 0.
11297A
ADD HYDROGRAPHS AT CP297A
2 27.19
CP297A
ADD HYDROGRAPHS AT CP297A
2 27.23
R297A
19m:urs FLOW FR011CP297A 10 CP315
075 .075 .075 5620 .0032
7000 1001 1002 1090 1910 2148 2149 2150
1000 985 985 984 984 985 985 1000
315 "
“7RUN0FF HYDROGRAPH FROM SUB-BASIN 315
.50 .00 3.56 47 .00
18. 18. 18. 18. 59. 67. 79. 98.  104.
113. 124,  136.  148. 175. 209. 239. 21. 183.  168.
155. 144,  131. 119.  109. 9. 90. 82. 9. 52.
39. 32. 31. 30. 30. 19. 18. 18. 18. 7.
6. 6. 6. 6. 6. 6. ; % 6. 6.
6. 6. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
cP315
ADD HYDROGRAPHS AT CP315
2 27.70
R315
11RGJTE FLOW ka1c9315 T0 CP334
.06 .06 .06 4370  .0046
1000 1001 1002 1130 2070 2208 2209 2210
963 963 963 962 962 963 963 963
CcP334
ADD HYDROGRAPHS AT CP334
2 41.63
R334
zncms FLOW FRG!1CP334 TO CP335
.04 .02 .04 3450 .0035
1000 1380 1430 1450 1485 1470 1540 2040
1054 1050 1051 1050 1050 1051 1050 1054
HEC-1 INPUT PAGE 48
...... U JUUURUE: SURURURY SR SO SN AUUIY - SUPUE - SO [
335
35RUMOFF HYDROGRAPH FROM SUB-BASIN 335
50 .00 4.39 .39 .00
18. 18. 20. 61. 75. 89. 100. 111.  126.  141.
169. 214,  234.  19%. 168. 150.  134. 117.  104. 91.
78. 59. 40. 32. 30. 29. 18. 18. 16. 6.
6. 6. 6. 6. 6. 6. 6. 6. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
cP335
ADD HYDROGRAPHS AT CP335
2 41.98
335
3RUJTE FLOW FRm1CP335 TO CP336
.04 .02 .06 4520 .0022
1000 1070 1170 1210 1270 1290 1410 1450



2095
2096

%4 92 940 938 938

99

4 oRUNOFF HYDROGRAPH FROM SUB-BASIN
.50 .00 4.62 .40 .00
19. 19. 19. 9. 9.
144.  166.  207. 243.  217.
109. 95. 86. 68. 53.
19. 19. 7. 6.

6. 6. 0. 0 0.

0. 0. 0. 0 0.
R299

21nours FLOW FROM CP299 TO CP317

1
.06 .06 06 5460 .0033

940 942 943

299

84. 95. 106. 115. 129
186. 166. 151. 136. 120.
33. 33. 31. 29. 19
6. 6. 6. 6. 6
0. 0. 0. 0. 0.
0. 0. 0. 0. 0

1000 1001 1002 1420 1840 2220 2514 2515
980 980 980 978 978 980 982 982
317
|, RUNOFF HYDROGRAPH FROM SUB-BASIN 317
.50 .00 3.52 .47 .00 '
22. 2. 2. 5. 7. 8. - 100.  111. 122.  130.
142. 157. 171. 190. 226. 272. 292.  252. 223.  202.
186.  172.  155.  140.  130.  115.  106. 93. 73. 59
40. 40.  37. 37. 29. 22. 22 22. 13. 7
7. 7. 7. 7. 7. 7 7 7. 7. 7
7. 0. 0. 0. 0. 0. 0 0 0. 0
0. 0. 0. 0. 0. 0. 0 0 0. 0
HEC-1 INPUT
....... U JUUNUS: ST SR SO SURIY SRR SO - SO [
cP317

ADD HYDROGRAPHS AT CP317
2 .97

317
13R('.I.ITE FLOW FRW1CP317 TO CP336

.04 .02 .06 12170 .0032
1000 1070 1170 1210 1270
944 942 940 938 938

00
RUNOFF HYDROGRAPH FROM SUB-BASIN

.39
.50 .00 6.36 .30 .00
22 22. 39 80. 101.

1290 1410 1450
940 942 943

300

118. 132. 150. 172. 208.

271. 278. 227. 197. 176.  152.  133.  1%4. 97. 7.
46. 39. 37. 29. 22. 22. 9. 7. 7. 7.
7. z. 7. 7. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
300
ROUTE FLOW FRG!1CP300 70 CP318
.05 .05 .05 5620 .0028
1000 1001 1002 1190 1800 2268 2269 2270
975 975 975 97 974 976 976 976
318
c RUNOFF HYDROGRAPH FROM SUB-BASIN 318
.27 A6 3.66 .39 12.00
43. 43.  119. 181, 222. 254. 299. 35. 475.  537.
428.  363. 313.  264. 222. 183.  12. 76. 7. 58.
43. 36. 13. 13. 13. 13. 13. 13. 13. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
cP318
ADD HYDROGRAPHS AT CP318
2 1.01
318
ROUTE FLOM Fch1CP318 TO CP337
.03 .03 .03 2000 .0029
1000 1001 1280 1440 2180 2620 2469 2470
1063 1063 1062 1061 1061 1062 1063 1063
HEC-1 INPUT
....... * IO U “NRUN SN - U, UL NS SN - NS, |«
301
30RUNOFF HYDROGRAPH FROM SUB-BASIN 301
226 .28 5.79 .23 10.00
80.  269.  426.  Ghb.  427. 263.  110. 61. 17. 17
0. 0. 0. 0. 0. 0. 0. 0. 0. 0
0. 0. 0. 0. 0. 0. 0. 0. 0 0

301
2I‘RCIJTE FLOW FRN1CP301 TO CP319
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.05 .05 .05 6260 .0024
1000 1001 1002 1250 2020 2280 2349 2350
973 970 972

973 972 970 973 973
319
54RUNOFF HYDROGRAPH FROM SUB-BASIN 319
.23 .18 3.50 40 14.00
45. é1. 167. 225. 268. 32. 414. 570.  471.  383.
317.  259.  208.  140. 80. 74. 48. 4. 14. 1%.
14. 14. 1%. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
cP319
ADD HYDROGRAPHS AT CP319
2 .84
R319
6RC]..ITE FLOW FRm1CP319 TO CP337
.03 .03 .03 2400 .0027
1000 1001 1280 1440 2180 2620 2469 2470
1063 1063 1062 1061 1061 1062 1063 1063
337
49RUN0FF HYDROGRAPH FROM SUB-BASIN 337
19 .30 3.60 .33 23.50
68. 238. 378. 5i9. 803. 626.  455. 319.  156.  101.
61. 21. 21. 2. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
cP337
ADD HYDROGRAPHS AT CP337
3 2.3%
SR337
STORAGE ROUTE THROUGH CP337
1 STOR 0 0
0 .06 3.1 15.08 45.28 110.59 221.78 290.4k 449.81
0 10 100 250 370 380 383 383 8928
951.3 952 954 956 958 960 962 962.8 964
HEC-1 INPUT PAGE 51
.......  PUUUUURT JUU: S A SO SRR AU SO - SRS |

37
DIVERT FLOW IN 96" STORM DRAIN TO AGUA FRIA RIVER AT CP367

D1367
0 10 100 250 370 380 383 383 8928
0 10 100 250 370 380 383 383 383

R337
11RGJTE FLOW FRG41CP337 TO CP336

.03 .03 .03 9830 .003
1000 1080 1130 1240 1660 1770 1810 1830
1057 1056 1054 1052 1052 1054 1056 1057

11336
ADD HYDROGRAPHS AT CP336
2 3.31

21336
ADD HYDROGRAPHS AT CP336
2 45.29

336
28RUNI:!FI" HYDROGRAPH FROM SUB-BASIN 336

.43 .05 3.50 .43 13.50
32. 32. 325 32. 32.
150. 159. . 7.

264. 291. 330. 380. 408. 429. 386. 352. 326. 305.
288. 272 260. 248. 230. 215. 203. 193. 181. 168.

159. 150. 135. 124. 9. 93. 63. 57. ST 56.
53. 53 53, 40. 32. 32. 32. 32. 32. 20.
10. 10. 10. 10. 10. 10. 10. 10. 10. 10.
10. 10. 10. 10. 10. 10. 10. 10. 10. 0.

0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.

336
ADD HYDROGRAPHS AT CP336
2 46.57

36
STORAGE ROUTE THROUGH CP336
STOR 0 0
4.49 5.79 15.91 32.49

1
0 56 1.72
0 1400 2075 2335 2414 2800 8534
922.3 930 932 932.8 933 934 935
336A
5 RUNOFF HYDROGRAPH FROM SUB-BASIN 336A
.51 .02 3.8 46 2.00
9. 9. 9. 9. 9. 9. 25. 30. 3. 37.
42. ik, 4T 50. 52. 55. 58. 61. 65. 89.



2295
2296

2301

RY

RX
RY

K
BA
LG
Ul
ul
ul
ul
KK
RS

RX
RY

KK

BA
LG

364
78RUNOFF HYDROGRAPH FROM SUB-BASIN 364
-50 .00 4.22 .43 .00

72. 7. 88. 101. 107. 122. 116.  105. 97.
HEC-1 INPUT PAGE 52
....... PR SUN SNSRI SO SO SUSUY: SURUUY - SO I
85 80. 76. 73. 69. 4. 60. 57. 56. 51.
47 45. 42. 38. 35. 27. 26. 18. 16. 16.
16 15. 15. 15 12. 9. 9. 9. 9. 9.
8 3. 3. 3. 3. 3. 3. 3. 3. 3.
3 3. 3. 3 3. 3. 3. 3. 3. 3.
3 0. 0. 0 0. 0. 0. 0. 0. 0.
0 0. 0. 0 0. 0. 0. 0. 0. 0.
CP336A
ADD HYDROGRAPHS AT CP336A
2 46.9
R336A
2RClJTE FLOW FRCH1CP336A TO CP364A
.03 .02 .03 4210  .0056
1000 1020 1025 1030 1070 1100 1180 1310
1050 1030 1028 ~ 1026 1026 1028.5 1027 1050
364A
07RUN0FF HYDROGRAPH FROM SUB-BASIN 364A
.35 .35 3.50 .28 .00
i0. 33, 53. 7. 12, 90. 66. 47. 2%. 15.
10. 3. 3. 3. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
11364A
ADD HYDROGRAPHS AT CP364A
2 47.01
3368
08RUN0FF HYDROGRAPH FROM SUB-BASIN 3368
.35 35 4.07 .36 .00
83.  262. 198. 57. i3. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
368
STORAGE ROUTE THROUGH CP3368 AT S.P.R.R.
17 STOR 0 0
0 2.37 5.42 7.76
0 110 169 1249
921.3 924 925 925.5
R3368
3RCUTE FLOW FRCH1CP3368 50 CP364A
025  .025 .05 1250 .0048
1000 1001 1015 1030 1340 1380 1430 1510
921 921 920 918 918 921 919 920
HEC-1 INPUT PAGE 53
....... T s s w oDy wontscrre Bacarere o sradby « sraurceBers ceosalin smsincs T b xiti s » ks siswrs 510
CP364A
1mnn HYDROGRAPHS AT CP364A
2 47.09
D364A
DIVERT FROM CP364A TO CP363
D1363
0 112 925 3216
0 12 325 1166
R364A
Saoure REHAINDER1FR01 CP364A TO CP364
075 .035 .035 3400 .0015
1000 1001 1270 1800 2070 2088 2089 2090
917 917 916 914 914 915 915 915
365
3mnuuorr HYDROGRAPH FROM SUB-BASIN 365
.50 .00 4.1 .73 .00
22. 22. 37. 78. 98. 114. 128.  145.  167.  200.
261.  272. 222. 192. 172.  148.  130. 111, 9. 7.
47, 38. 36. 29. 22. 22. 9. 7 7. 7.
7. 7. 7. 7 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
65
zénoure FLOW FRCM1CP365 10 CP364
.035 .035 .075 7020 .0017
1000 1001 1015 1140 1560 1700 2009 2010
915 915 914 913.5 913.5 914 915 915



2336

2340

37. 37 37. 99. 136.  169.  190.  210.  230.  258.
286. 338, 418, 484,  615.  359.  321.  293.  261.  231.
207. 18 161,  125. 92. 65. 63. 61. 49. 37.
37. 31. 1. 11. 11. 1. 11, 1. 1. 1.
1. 1. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0 0. 0. 0. 0. 0. 0. 0. 0.
11364
ZADD HYDROGRAPHS AT CP364
) HEC-1 INPUT PAGE 54
....... TevenenaZaneeaeBunnheneeeeSeeennasbueeeeeTeueneaiBunnnnnn9unnnna10
CP364
ADD HYDROGRAPHS AT CP364
48.25
SR364
STORAGE ROUTE CP364 BEHIND BUCKEYE CANAL
1 STOR 0 0
0 91  4.65 6.8 14.06 22.19 33.52
0 0 0 21 506 4186 7154
908 910 911 911.3 912 912.5 913.0
D364
DIVERT FROM CP364 TO GILA RIVER
DIGILA
0 21 506 4186
0 21 163 597
R364
16R0JTE REMAINDER1 FROM CP364 TO CP363
.075 .06 .075 5770 .0016
1000 1001 1040 1200 2040 2180 2239 2240
950 907 906 905 905 906 907 950
A
RETURN DIVERT AT CP364A
D1363
364A
| ROUTE FLON rnou1cpsm TO CP363
.075 .06 .075 5460 .0020
1000 1001 1040 1200 2040 2180 2239 2240
907 907 906 905 905 906 907 907
&auuorr HYDROGRAPH FROM SUB-BASIN 363
'50 .00 3.71 46 .00
3. 23. 23. 23. é8. 8. 98. 112. 122. 132.
142. 154, 170. 183.  207. 252. 286. 303. 262.  234.
213, 196. 183,  166.  152.  139.  127. 116.  106. %0.
67. 53. 41. 41. 3s. 38. 28. 23. 23. 23.
15. 7. 7. 7. 7. 7. 7 7. 7. A
7. 7. 7. T 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
11363
ADD HYDROGRAPHS AT CP363
2 47.72
HEC-1 INPUT PAGE 55
...... I TR JUUR. SRR S SURUY SR JUSUIY SN - S |
21363
ADD HYDROGRAPHS AT CP363
2 48.88
314
o RUNOFF HYDROGRAPH FROM SUB-BASIN 314
.50 .00 3.50 47 .00
20. 20. 20. 51. 72. 8. 101. 111. 122.  136.
151. 176, 219. 257. 227. 195. 17.  158.  142.  126.
114.  100. 90. 71. 56. 35. 3%. 32. 29. 20.
20. 20. 7. 6. 6. 6. 6. 6. s. 6.
6. 6. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
314
2SRQJTE FLOW FRM1CP314 TO CP333
.07  .07% .075 5770 .0040
1000 1001 1200 1690 2100 2788 2789 2790
967 967 966 964 96k 966 966 966
333
RUNOFF HYDROGRAPH FROM SUB-BASIN 333
.50 .00 3.50 47 .00
26. 26. 26. 59. 93. 112. 128. 143.  156.  172.
192. 212,  256. 316. 336, 283. 249. 224.  206.  184.
164.  149.  132.  119. 9. 7. 46. 46. 43. 43,
27. 26. 26. 17. 8. 8. 8. 8. 8. 8.



2491
2492

8. 8. 8. 8. 0. 0. 0 0. 0. 0.
0. 0. 0. 0. 0. 0. 0 0. 0. 0.
cP333
ADD HYDROGRAPHS AT CP333
2 1.0
333
aaoure FLOW FROM CP333 TO CP348A
.06 .04 .06 2700 .0048
1000 1001 1005 1600 2210 2560 2900 3020
947 97 96 94k bk %6 948 949
348A
22RUNOFF HYDROGRAPH FROM SUB-BASIN 348A
.50 .00 3.62 46 .00
i7. i8. é1. 81. 97. 115.  138.  190.  211.  164.
138. 114, 95. 77. 52. 30. 28. 20. 17. 8.
5. 5. 5. 5. 5. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
HEC-1 INPUT PAGE 56
....... U TN ORISR SURUDUY SRR JUY SO - SO |
CP348A
ADD HYDROGRAPHS AT CP348A
2 1.22
ARCUTE FLOW FRM1CP348A TO CP3488
.03 .03 .075 4050 .0077
1000 1005 1010 1040 1100 1370 1450 1470
1032.5 1032.5 1032 1030 1030 1032 1034 1034.5
488
66RUN(JFF FROM SUBBASIN 3488
.49 .06 3.59 .45 .00
2. 26. 5% 2. 60. 82. 9%. 110. 120.  130.
138,  150. 163. 178. 192.  223. 268. 303. 293.  257.
230, 211, 196. 18.  166.- 153.  140.  128.  117.  109.
92. 72. 60. 42. 42, 39. 39. 36. 2. 2.
2. % 9. 7. 7. 7. 7 7. 7. 7.
7. 7. 7. 7. 7. 7. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
CP3488
ADD HYDROGRAPHS AT CP348B
2 1.88
SR3488
STORAGE ROUTE BEHIND S.P.R.R. AT CP3488B
1 STOR 0 0
0 .08 8.33 14.16 23.37
0 50 285 778 4586
908.5 910.1 914 915 916
3488
wnoure FLOW FRm1CP3488 10 CP363
.075 .06  .075 3100 .0029
7000 1001 1040 1200 2040 2180 2239 2240
907 907 906 905 905 906 907 907
31363
ADD HYDROGRAPHS AT CP363
2 50.76
“RUNOFF HYDROGRAPH FROM SUB-BASIN 348
.50 .00 3.70 .45 .00
20. 20. 35. 71. $0. 104. 117.  133.  153.  187.
264,  239. 196. 171. 152.  131. 114 98. 83. 60.
37. 3%. 33. 22. 20. 18. 6. 6. 6. 6.
6. 6. 6. 6. 0. 0. 0. 0. 0 0.
0. 0. 0. 0. 0. 0. 0. 0 0. 0.
HEC-1 INPUT PAGE 57
....... T TOUUURE: SURUR SRR SO S SURURIE SURR - DU |1
SR348
STORAGE ROUTE BEHIND SOUTHERN PACIFIC RAILROAD
1 STOR 0 0
0 0 72 2.12  15.51  22.03
0 .5 5 9 3101 5661
906.6 907.6 908 908.3 909.6 910
48
DIVERT FROM CP348 TO CP347
0 3083 5640
0 0 165
R348



INPUT
LINE

NO.
37

50

58

61

67

80

9%

100

110

113

123
121

124

130

141

146
144

149

156

162

171
169

174

180

191

2493
2694
24695
2496
2497

2498
2499
2500
2501

KM
RS
RC
RX
RY

KK
KM
HC
2z

BROUTE REMAINDER FROM CP348 TO CP363
-1

.075 .06 .075 1600  .0025
1000 1001 1040 1200 2040 2
907 907 906 905 905

CP363
ADDS?Y?SOGRAPHS AT CP363

SCHEMATIC DIAGRAM OF STREAM NETWORK

(V) ROUTING (--->) DIVERSION OR PUMP FLOW
(.) CONNECTOR (<---) RETURN OF DIVERTED OR PUMPED FLOW
159
v
v
R159
160
CP160. e eeeennnnn.
v
v
R160
161
CP16T e eeaeaannns
v
v
R161
162
Vv
Vv
R162
. 163
(15[~ DR——
CP163.eeeennnn.
------- DI176A
D163
Kemeannn DI176A
D163
v
R163
176A
CPATOA. < ennnnn
R >  DI9Y
D176A
174
v
v
R174
. 175
— > DI175A
D175
v
v
R175
176
M6 eernannnns
CP176u e

180
906

2239
907

2240
907



194

202
200

203

209

217

220

226

234

237

243

253

256

264
262

265

271

274

285

290
288

293

299

309

312

318

328

333
331

338
336

341

348

354

361

364

Kmmmm——— DI175A
D175
v
v
R175
g 175A
CPI75An e eeennnnnns
v
v
R175A
189
CP189......... g
Y
v
R189
. 190
CP190.......
v
v
R190
. RS
- D176A
y v
. v
. R176A
191
------- > DI208
192a
192
------- > DI209
------- > DI210
188
v
v
R188
; 207A
CP207A......
v



370

377

380

386

392

398

405

408

4N

417

425

428

434

443

449

459

462

467
465

470

476

489
487

492

498

508

v
—
- N

516

522

533

536

541
539

544

552
550

s S
R214
215A
Vv
v
R215A
. 215
1215 e eeennnnnn
cP215..... eenen
v
v
R215
233
CP233eenenrnnnnn
v
v
R233
216
v
v
R216
. 234
M23h.eeeennnnnn.
CPBheennnnnnn.
P > 10248
D234
v
v
R234
207
. — > 20208
. D207
. v
. v
R207
g - 217
. CP217 e eeeenannn .
. R > DI218
D217
v
v
R217
. 235
N U5 |
P35 eeenennnnns
GRERETEE > 20248
D235
v
v
R235
Kmmmmm- D1208
0191



553

559

570

575
573

576

582

587
585

592
590

595

601

612

618

624

629
627

634
632

637

643

654

657

662
660

667
665

670

676

689

695

700
698

705
703

708

. cP218

. D218
5 v

209A

R DI209A



716
714

717

733

736

741
739

742

748

753
71

758
756

761
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