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1.0 INTRODUCTION

This report documents the conceptual planning and design of the Santan Channel Project. The
project is jointly sponsored by the Arizona Department of Transportation (ADOT) and the Flood
Control District of Maricopa County (FCDMC). When completed, it will provide a drainage
outlet for the Price and Santan Freeways and flood control benefits for East Valley communities
and unincorporated areas. It is identified by FCDMC as the Southeast Valley Regional Drainage
System (SEVRDS). The Santan Channel parallels the Santan Freeway and drains a portion of
the Price Freeway (formerly Price Expressway) shown in Figure 1.

The project is being developed in three phases. Major features of the project are shown in Figure
2. Phase 1 included the design and grading construction of Basin B and associated basins.
Phase 1 construction was completed in November 1997. The plans for Phase 1 are included in
Section 6. Phase 2 consists of the construction of the Outfall Channel from Basin B to the Gila
Drain Floodway on the west side of 1-10, and some of the piping facilities in the Basin B
complex. The 100% Plans for the Outfall Channel and Basin B piping are also included in
Section 6. Construction of Phase 2 is currently scheduled to begin in September 1998 and the
construction duration is estimated to be 15 months. The FCDMC is providing construction
contract administration for both Phases 1 and 2.

Phase 3 was tentatively divided into two parts, Phase 3A and Phase 3B, in November 1997 as
shown in Figure 2. At that time ADOT was considering accelerating Phase 3A design and
construction as a back-up plan if unresolved water quality and right-of way issues would prevent
Phase 2 construction from beginning in summer of 1998. This would have allowed FCDMC to
continue to meet its funding schedule for the project. However, in early 1998 the Phase 2 issues
were on schedule for resolution and the acceleration of Phase 3A was placed on hold. ADOT
and FCDMC are currently developing a revised schedule for Phase 3.

The scope of this report includes the final design of Phases 1 and 2 and the conceptual design of
the elements of Phase 3 that are related to and are an integral part of the design of the Basin B
facilities. The general plan of the basin complex, consisting of the Basin B primary retention
basin, the Equalization Basin and the two cells of the wetland treatment system, is discussed in
Section 5. The Kyrene South Pump Station is a key facility in Phase 3 and has the multiple
purposes of 1) draining the freeway undercrossing at Kyrene Road, 2) recirculating or
discharging the treated storm water from the wetlands cells and, 3) evacuating the Basin B
retained storm water. This facility must be constructed to place the wetlands treatment system in
operation. The pump station is required to recirculate externally supplied water within the
complex to fully establish and maintain the vegetation in the cells. Concept design for the pump
station and recommendations for the vegetated treatment system are included in Section 5.

Santan Channel Project d:\OO 173159\report\drainage\flllalrpt
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• 2.0 PROJECT DESCRIPTION

2.1 Principal Features
Figure 3 shows the major features of the Santan Channel Project that are discussed in this report.
The project is designed to collect both on-site runoff and off-site runoff approaching from the
north and east of the Santan and Price Freeway alignments. The off-site hydrologic analysis for
the Santan Channel is discussed in Section 3.

The Basin B complex, including the Equalization Basin,the two cells of the Water Quality
Basin, and Basin liB" were graded in Phase 1.

•

•

The Outfall Channel to be constructed in Phase 2 begins on the west side of the Salt River
Project (SRP) Gila Drain at the Basin B outlet and extends southward and westward along the
Pecos alignment to 1-10. Near 1-10 it crosses onto Gila River Indian Community (ORIC)
reservation, passes under 1-10, and then continues southward along the west side of 1-10 to the

.Gila Drain Floodway. The design of this channel is discussed in Section 4. Although not
discussed in this report, GRIC's Pima-Maricopa Irrigation Project (P-MIP) dual 84~inch and 54
inch main pipelines from 56th Street to the west side of 1-10 will be constructed in the Phase 2
contract. The primary benefit is that the cost of the 56th Street and 1-10 crossings will be shared,
thus reducing the cost to both P-MIP and GRIC. 1

Phase 2 construction also includes some of the piping in the basin complex. The design of the
piping facilities included in Phase 2, as well as the concept design for the remainder of the piping
to be constructed in Phase 3, is included in Section 5.

2.2 Coordination Activities
Figure 3 also shows the various agencies that are participants in the Santan Channel SEVRDS
project. In July 1997 the key agencies, including ADOT, FCDMC, GRIC Pima-Maricopa
Irrigation ProjeCt (P-MIP), Chandler and to a lessor extent, Phoenix and SRP, formed a
"Stakeholders" group that has been meeting bimonthly to provide overall coordination and
management of the project. The Santan Channel will discharge storm water to GRIC's Gila
Floodway (or Gila Drain Floodway) and this requires storm water discharge permit from GRIC.
The channel also requires long-term leasing of tribal land. The water quality and right-of-way
acquisition issues have been the primary focus of the Stakeholders meetings. The following
coordination issues have impacted the design of the Santan Project facilities:

1. The project team agreed to allow the Gila River Indian Community (GRIC) to include a
portion of the Pima-Maricopa Irrigation Project (P-MIP) in the Phase 2 construction plans
in order to minimize cost and construction impacts of the 56th Street and 1-10 crossings
of the two projects.

1 The P-MIP pipeline project is owned and operated by the GRIC.

Santan Channel Project 4 , d:\OO173159\report\drainage\fmalrpt
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2. Water quality of the stonn water runoff is of primary concern to the GRIC. The General
Consultant (GC) design team developed a drainage design concept that addresses both
water quality and quantity issues, as defmed in the Design Memorandum for the SEVRDS
Water Management (DMJM, Sept. 1996). The SEVRDS Stakeholders have further
advanced this plan and the procedures and schedule for ADOT to obtain the discharge
permit from the GRlC have been defined in an agreement. The text of the agreement is
included in Appendix F.

3. The water quality permit requires a stonn water treatment system to treat "first flush"
stonn water. The Equalization Basin is designed to collect and retain the "first flush"
stonn water. The Water Quality cells will have a vegetative treatment system to provide
"polishing" of the stonn water retained in the Equalization Basin. Details of the
recommended design ofthe vegetated treatment system are presented in Section 5.

4. In August 1997, P-MIP asked the project team to evaluate the possibility of allowing the
diversion of up to 150 cfs from the Gila Drain to the Santan Channel. A subsequent
evaluation by HDR determined that the current design of the Santan Channel (Le. at the
60% stage) could accept the additional flow at the· diversion. The evaluation of the
impact of this potential diversion in the future is presented in Section 5.0.

5. Recently the City of Phoenix advanced the design detention basin (Basin 15) on the west
side ofI-I0 and Pecos Road to the concept design level. It is now planned to operate as a
retention basin with post event evacuation to the Santan Channel. With no outflow
during stonn, this system (known as the 48th Street Drainage System) will not impact the
design peak flow ofthe Santan Channel. However, the City plans to evacuate Basin 15
post event when there is adequate capacity in the channel.

6. The Gila Drain is a Salt River Project (SRP) irrigation return flow channel that ultimately
discharges to the Gila River. It is the subject of an early 1900's agreement between the
Gila River Indian Community (GRlC) and the SRP. The Gila Drain is located
immediately west of Basin B. In the future it will be siphoned under the West Collector
channel, the freeway and the Basin B outlet channel in a single 60-inch pipe. (Note: the
pipe size is approximate.)

7. The Pecos Drain from 1-10 to 56th Street must be reconstructed in Phase 2 to
accommodate the installation of the Santan Channel box culvert in the Pecos Road
alignment. After the culvert is installed, the Pecos Drain will be reconstructed on top of
the culvert and will discharge at its existing outlet to the Gila Drain. (See Figure 3).

8. If P-MIP goes ahead with plans to divert the Gila Drain in the future, there is some
likelihood that there will be an effort to abandon the Gila Drain below the diversion. (See
Figure 3). If so, the Pecos Drain may be diverted into the Santan Channel as shown in

• Figure 3 provided all parties (ADOT, GRIC and SRP) could come to agreement.

Santan Channel Project 6 d:\OO173159\report\drainage\fmalrpt
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3.0 HYDROLOGY

3.1 Previous Studies
Santan Freeway off-site hydrologic analysis was originally performed by HDR Engineering, Inc.
as part of a General Engineering Consultant agreement with the Arizona Department of
Transportation (ADOT) for the Price Expressway and the portion of the Santan Freeway from
Dobson Road to 1-10. The hydrologic analyses are documented in the following ADOT reports:
Hydrology Study, Price Expressway, (HDR) December 1989, Gila Drain Alternative Concept
Drainage Report, (HDR) February 1993, and Gila Drain Floodway Master Plan Report, (HDR)
February 1993. The HEC-12 model developed for this project is based upon and is nearly
identical to the model described in these reports.

The HEC-1 model that was originally developed in 1989 and modified in 1992 by HDR is the
current model of record for the drainage design of Santan Project. A history of the applications
of this model is as follows:

1. The original HEC-1 model was developed in 1989 for the Price Expressway from
Western Canal to the Price/Santan Interchange and Santan Freeway from Dobson Road
to 1-10. The original drainage plan for the Price and Santan Freeways prior to HDR's
involvement in 1989 was to pump all of the collected Price and Santan off-site and on
site storm water to the Carriage Lane Outfall north of Western Canal. This plan changed
in 1991 (See Item 2 below). However, the basic structure of the HEC-1 model has not
changed since 1989. Documentation of the development of the model can be found in
the original 1989 report. A drainage area schematic of the 1989 HEC-1 model is
included in the Appendix A map pocket.

2. A study by HDR in 1989 entitled Gila Drain Alternative Study (12/89) presented a design
concept and cost analysis to use the Gila Drain as an outlet for the Price/Santan freeway
drainage system. Based upon this plan, ADOT·entered into an agreement with GRIC in
1991 to discharge Price and Santan storm water to the Gila Drain Floodway via the Gila
Drain. The "pump-back" scheme was thus abandoned and HDR prepared the new
concept as shown ,in the Gila Drain Alternative Concept Drainage Report (1993) and in
the General Plan for the Price and Santan Freeways. The drainage channel system along
the Santan Freeway including Basin B and the outfall channel to the Gila Drain
Floodway later became known as the as the Santan Channel Project. The redirecting of
flows to the floodway required some changes to the routings of the original 1989 HEC-1
model along the Santan Freeway. These changes are shown in the 1992 HEC-1 model
schematic. The 1992 schematic is also included in the Appendix A map pocket.

3. In the 1994 to 1995 time frame, FCDMC identified the Santan Channel system as the
SEVRDS and began to provide technical, administrative, and financial support to the
project. HDR prepared an additional report for ADOT and FCDMC entitled Alternative
Study, Southeast Valley Regional Drainage System (SEVRDS), Price and Santan

2 An acronym for the US Army Corps of Engineers Hydrologic Engineering Center Flood Hydrograph Package.

Santan Channel Project 7 d:\OO173159\report\drainage\fmalrpt
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Freeways, June 1995. This report explored the cost to reroute the Santan outfall channel
from an alignment within the Gila Drain3 right-of-way to an alignment running west
along the north border ofGRlC, under 1-10 and then south along the west side ofl-10 to
the Gila Drain Floodway. This is the current alignment for the Phase 2 Outfall Channel,
except that the alignment along Pecos Road is off of the reservation.

4. In 1996 this concept was advanced to the 30% design stage by DMJM Arizona, Inc. and
Wood, Patel & Associates, Inc. (Wood/Patel), as reported in the following: Design
Memorandum for SEVRDS Water Management (DMJM, September, 1996), Initial
Drainage Report, Santan Freeway 56th Street to Price Road and Gila Drain Floodway to
Basin B (Wood/Patel, September 12, 1996) and Santan Drainage Channel Plans (30%)
(DMJM, September 16, 1996). Significant changes to the HDR plan included the
alignment along Pecos Road that was off the reservation and the addition of a "first
flush" storm water control and treatment system at Basin B. WoodlPatel modified the
original 1992 HEC-1 model Basin B routings to include an "Equalization Basin" to
collect first flush storm water. The modifications are described in Section 3.3.

5. In 1995 the 1992 HEC-1 model was also used to design some of the Price Freeway
components of the SEVRDS/Santan Channel system including Basin G at Galveston
.Road. The outlet pipe from this basin will discharge to the Santan Channel when the
Price/Santan interchange is constructed. The model also is being used for the off-site
drainage design for the Price Freeway north of Basin G to the Carriage Lane Outfall at
Western Canal.

In addition to the 1989 and 1992 HEC-1 schematics, Appendix A includes a summary printout of
the current model and the hydraulic analyses that were required to develop the routings in the
Basin B complex.

3.2 Watershed Description
The contributing watershed is located in eastern Maricopa County between the Salt and Gila
Rivers. The watershed's historic drainage pattern is westerly toward the Gila Drain. Surface
runoff concentrates near the I-10lMaricopa Road interchange. West of 1-10 the Gila Drain
Floodway conveys floodwater westerly to the Gila River. The Gila Drain Floodway is a natural
wash that is nearly 12 miles long. The hydrology and hydraulics of this channel are documented
in the Gila Drain Floodway Master Plan prepared by HDR in 1993.

The SEVRDS/Santan Channel Project drainage area contributing to this portion of the Santan
Freeway drainage system is approximately 93 square kilometers. The area is bounded on the
west by 1-10, on the east by the Union Pacific Railroad (formerly Southern Pacific Railroad), on
the north by the Western Canal and on the south by the Santan Freeway. The 1989 model
schematic in Appendix A shows the general routing details, whereas, the 1992 schematic shows

3 HDR's 1993 General Plan for the Santan Freeway included a drainage channel from Basin B to the Gila Drain
Floodway that would be constructed within the Gila Drain right-of-way. The Gila Drain flows were diverted to a
parallel 6O-inch pipeline.

Santan Channel Project 8 d:\OO173159\report\drainage\fmalrpt



• the modifications for the Gila Drain Aiternative that directed off-site and on-site flows from
Basin G southward and westward to the Gila Drain.

The majority of the watershed is urbanized. However, substantial tracts of agricultural land are
present within the watershed. Due to agricultural land leveling and the development of street
networks, the drainage area has lost the majority of its natural drainage corridors. Consequently,
storm water runoff exceeding the retention requirements generally flows westerly and southerly
in the major streets until a barrier is reached, such as an irrigation canal or railroad embankment.
The structure of the model incorporates the impact of barriers and other factors to determine
appropriate routing paths and concentration points as shown in the model schematics.

3.3 Wood/Patel Modifications to the HDR Hydrologic Model
The following text is from Initial Drainage Report, Santan Freeway (WoodJPatel, September 12,
1996 pp.7 and 8):

"The HEC-l model developed by Wood/Patel in the 1996 Initial Drainage Report was based on
the Alternative "c" in the 1995 SEVRDS report by HDR."

"The detention basin subroutine in the HDR model was modified to simulate the following
operations:

• 1) A divert operation to remove the first 30,800 m3 of flow arriving at Basin "B".

•

2) A second divert operation to remove any remaining flow from item 1 that exceeds
22.65 m3/s.

3) A design flow for the outfall channel of 22.65 m3/s."

HDR further modified the HEC-1 model to design the basin complex as described in Section 5,
while maintaining Wood/Patel's basic volume (30,800 m3) and flow (22.65 m3/s) criteria.

3.4 Wood/Patel First Flush Basin Hydrologic Analyses
The following text is also from Initial Drainage Report, Santan Freeway (WoodlPatel,
September 12, 1996 pp. 8 and 9):

''The design of the water quality basin required estimation of the volume of the "first flush", or
the initial runoff from the watershed carrying non-point-source pollutants. The design team
could not determine an official regulatory definition of the first flush vohune. The most
reasonable definition of the first flush volume was the following: "The first 6.35 mm of runoff
generated by the effective watershed." The effective watershed was defined as the area that
directly contributes to a point of interest (Le., developments with detention/retention areas behind
canal and railroad embankments, areas behind depressed freeways, bermed agricultural fields,
etc. were eliminated). Once the effective area was identified, the following formula was utilized
to determine the first flush volume:

Santan Channel Project 9 d:\OO173159\report\drainage\fmalrpt



where
v = 0.00635 *A*10,000
V = volume (m3

);

A = area (hectares).

•

•

The contributing area from undeveloped land directly contributing to the water quality basin was
estimated to be 4.72 square kilometers, giving a first flush volume ofapproximately 30,800 m3.

It should be noted that as the watershed becomes mbanized the first flush volume will decrease.
The majority of the long term first flush volume will consist of the flows from Santan Freeway
on-site drainage system and major streets within the Cities of Chandler and Tempe."

WoodJPatel's HEC-l analysis to determine the "fIrst flush" volume is included in Appendix C.

HDR's basin design includes the capture of the "first flush" volume exceeding 30,800 m3 (25 ac
ft).

3.5 Results of the Hydrologic Analysis
The 100-year run summary printout of the HEC-l model is included in Appendix A. Key off
site peak discharges are summarized in Table 1.

TABLEt
100-YR Peak Discharges for Santan Freeway

Santan Channel Project

Location Concentration Point QI00 Q 100

(See Figure 3) (cfs) (m3/s)

Price/Santan TI Cinter 938 26.6
McClintock Road CMCJJ:'l tMCi-N 1332 37.7

Rmal Road Alignment COMB1 1338 37.9

Kyrene Road COMBB 2221 63.2
56th Street OUTLC 719 2004

Basin B Inflow INBB 2885 81.7
Basin B Overflow Weir DIVERT 2077 58.8

(3) 10'x4' RCB to Outfall Channel OUTFL 804 22.8
West 1-10 at Pecos Road now 816 23.1

1-10 @ Gila Drain Floodway RT{lOW RT/Oi'tY 813 23.0
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• 4.0 HYDRAULIC ANALYSIS (provided by Wood, Patel & Associates, Inc.)

4.1 Santan Channel Description
The Santan Freeway offsite drainage system collects surface runoff from the watershed to the
north of the Santan Freeway, pump station discharges from east of the Price Freeway, and onsite
flows from the Santan Freeway. Storm water is routed through a network of detention basins
that discharge flow into the outlet channel that conveys the flow to the Gila Floodway. The
Santan offsite drainage system was divided into the following four segments: 1) excavation of
storage and treatment basins (phase 1); 2) outfall channel/Reinforced Concrete Box Culvert
(RCBC) from Basin B to 1-10 RCBC and along 1-10 to the Gila Floodway (phase 2); 3)
collector channel along the north side of Santan Freeway from the Stellar Airpark to just east of
the railroad tracks at 56th Street (phase 3A); and 4) the RCBC/collector channel from Price Road
to the Stellar Airpark (phase 3B).

•

•

This section covers the hydraulics of the south reach (phase 2) of the Santan Channel which
begins at the upstream end of the 3-bbI3.0 m x 1.2 m "Basin B" outfall box (3 - 10' x 4' RCBC).
The design capacity of the channel downstream of the RCBC is 22.65 cms (800 cfs, the
maximum flow rate from the collection system downstream ofBasin B). A future peak flow rate
of 4.25 cms may discharge into the outfall channel from the Gila drain system for a combined
flow rate of 26.90 ems (950 cfs). The outfall of the box transitions into a trapezoidal channel
with a 2.5-meter bottom width and 1:2 side slopes. The channel maintains this cross section for
approximately 767 meters at which point it transitions into a box culvert.

An SRP irrigation line passes through the channel approximately 190 meters upstream of the
56th Street box culvert inlet. This 406-mm (16") steel line is located near the top of the channel,
slightly above the hydraulic grade line (HGL) and below the energy grade line (EGL). SRP was
unable to cross at a high enough elevation to avoid impacting the channel however, if the flow
from the Gila Drain system is eventually taken into the Santan Channel, this pipe will be
removed. The box culvert from 56th Street to 1-10 is a 952 meter long double 3.0 m x 2.4 m
RCBC (double 10' x 8' RCBC) and is located under the Pecos Road alignment. It crosses under
the Union Pacific railroad (UPRR), 56th Street, and Interstate 10. This box culvert then outfalls
through a combination headwall which will provide for the future City of Phoenix 48th Street
system connection. The box culvert outfall transitions into a 2.5-meter bottom width, 1:2 side
slope trapezoidal channel approximately 1006 meters in length. This channel then transitions to
a double 3.0 m x 2.1 m RCBC outfall structure (2 - 10'x7' RCBC) which will incorporate a riprap
pad at the downstream end to help control erosion as the flow discharges into the existing Gila
Floodway facility.

The transition from the double 3.0 m x 2.4 m 1- 10 RCBC (double 10' x 8') to the open channel
on the west side of 1-10 was designed to accommodate the future single 3.0 m x 2.4 m RCBC
(single 10' x 8') outfall from the City of Phoenix Basin 15. Basin 15 is presently configured as a
retention basin. In the future, the basin may be dewatered post-event to the Santan Channel at
this location at a maximum rate of 2.83 ems. The Basin 15 outflow, therefore, does not impact
the design of the Santan Channel. (Personal Comm. - 1. Zovne).
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•

4.2 Channel Design Assumptions
The design discharge of 22.65 cms used for the hydraulic analysis of the south reach of the
Santan Channel was based on the anticipated peak discharge to the outfall channel at "Basin B".
Flows in excess of this discharge are assumed to spill over into the basin and be detained until
after the peak passes, and pumped out of "Basin B" into the outfall channel. The "Basin B"
outfall box has a 1370 mm (54") stub-out to allow connection of the pump station discharge
conduit in the future.

4.3 Channel Geometry
All open channel designs presented in this report utilize a 4-point trapezoidal cross-section with
1:2 side slopes and a 2% cross-slope on the bottom of the channel. Typical channel sections are
shown in the 100% plan set which is included in this report.

4.4 Channel Slope
Aerial mapping for the northern portion ofthe Santan Freeway alignment and the western portion
of 1-10 was performed as part of this project (C.I. = 0.2 m). The outfall elevation at the Gila
Floodway was established at 346.7 m. Channel slopes were established to minimize earthwork,
effectively utilize available right-of-way, provide flow velocities between 1 mls and 3 mis,
provide required freeboard, and provide a gravity outfall for the water quality basin. Manning's
"n" values of 0.013 and 0.016 were assumed for RCBC's and concrete lined channels,
respectively.

4.5 Freeboard
Channel freeboard is defined as the additional channel depth available between the design water
surface elevation and the top of the channel ban1e Freeboard provides a safety factor for
variations in the assumed hydrologic and hydraulic design conditions, as well as for containment
of wave action associated with flowing water. For the purpose of this study, the channel was
designed to provide a minimum of 0.3 m of freeboard for the subcritical flow conditions. In
most cases, however, the freeboard is at or above 0.60 m. Table B4 of Appendix B shows the
freeboard at various points along the channel alignment.

4.6 Bank Lining
The drainage system is concrete lined throughout its entire length. Based on the channel
velocities from the HEC-RAS hydraulic model and the necessity for maintenance vehicles to
gain access to the channel, a 152-mm channel lining will be used for all trapezoidal sections.
This channel lining design is in accordance with ADOT guidelines for lined channels.. The
RCBC's are designed in accordance with the ADOT standards and specifications with the
exception of the UPRR RCBC that will be designed in accordance with the requirements of the
Union Pacific Railroad.

4.7 Maintenance Access
A 5-meter wide maintenance road is included along the west side of the channel that parallels 1
10. The channel section between 56th Street and the 3-3.0 m x 1.2 m RCBC has a 4.5 meter
wide maintenance road on the north and west sides and a 3 meter wide SRP access road on the
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•

•

south and east sides. In order to provide access to the channels for periodic maintenance work,
access ramps are located at regular intervals throughout the project upstream and downstream of
channel crossings (RCBC's, etc.). At all ramps, a minimum 3.6-meter wide access road will be
maintained.

The gates along the channel segment which parallels 1-10 will be locked and will be for ADOT
access only. For the segment from 56th Street to the 3-3.0 m x 1.2 m RCBC, the gates along the
north and west sides will be double locked for both ADOT and City of Chandler access; along
the south and east sides of this segment, the maintenance road is located outside of the fence.
Refer to the 100% plans for the locations ofaccess ramps.

4.8 Riprap Protection at Channel Outfall
An analysis was performed to determine the need for a stilling basin at the outfall of the channel.
The conclusion of this analysis was that a basin was not necessary to reduce channel velocities or
dissipate energy. Therefore, a horizontal riprap pad has been designed to reduce potential scour
at the box outlet. The length of the pad was determined to be three times the width of the outlet.
See Appendix B for calculations of erosion control measures.

4.9 Hydraulic Computer Model
A HEC-RAS computer model was developed for the drainage system. The BEC-RAS model
assumes that the drainage system upstream will intercept and store all flows in excess of 22.65
ems. An additional analysis was performed for an additional 4.25 ems entering the channel at
Station 3+511 (26.90 ems total) to simulate the maximum additional flow which would be
carried if the Gila Drain were to outfall into the Santan Channel at some time in the future. The
starting water surface elevation was provided by HDR and was based on their Gila River and
future Gila Floodway analyses. Hard copies of output files for the models are contained in
Appendix B. Floppy disks containing HEC-RAS input and output files are contained in the back
pocket (FCDMC copy only).

Refer to Figure Bl for a general overview of the Santan Channel alignment and HEC-RAS
stationing. HEC-RAS stationing was set at plan stationing plus 1000 meters.

4.10 Superelevation of Water Surface
Superelevation calculations were performed for the curved portions of the channel to determine
whether the increased water surface elevation at the outside of the curve is sufficient to violate
the minimum freeboard requirements. It was determined that the maximum increase is
approximately 40 mm (1.6 inches) and that this will not require any modification of the channel
design. Refer to Table B4 for a summary of freeboard and superelevation calculations.
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• 5.0 BASIN COMPLEX CONCEPTUAL DESIGN

•

•

5.1 General Plan
The general plan for the basin complex is shown in Figure 4.4 The 100-year HEC-l modelwas
used to defme the inflow rate and volume to the basin complex, and to evaluate the storage,
overflow and outflow routings of the input hydrograph. Figure 4 shows the Phase 1 and Phase 2
facilities that have been designed as presented in this report. It also shows the Phase 3 facilities
in and near the basin complex that have been designed to a conceptual level.5 As mentioned, the
Phase 3 design and construction schedule is currently under review by ADOT.

The excavation and piping for the wetlands treatment cells has been included in the Phase 1 and
Phase 2 designs, respectively. .A plan for the vegetation to be planted in the cells and the
maintenance, operation and monitoring requirements are summarized in Section 5.5. It is
recommended that the vegetative treatment system be installed in Phase 3 when the Kyrene
South Pump Station6 is constructed and thus an assuredwater supply is available.7

In April 1997, HDR prepared a Technical Memorandum regarding the review of the 30% Plans.
The Technical Memorandum detailed changes to the 30% plans that HDR was proposing prior to
starting work on the Phase 2 design. Figure 4 is an updated plan from the one presented in the
Technical Memorandum that shows the final design of the Phase 1 and Phase 2 facilities, as well
the concept design of the remaining Phase 3 facilities. Details of the design of the facilities
shown in Figure 4 are presented in this section.

5.2 Gila Drain Diversion
The Gila River Indian Community (GRlC) is constructing a portion of the Pima-Maricopa
Irrigation Project (P-MIP) in the Phase 2 contract. In the future, the P-MIP project may divert
the Gila Drain flows into its pipeline as shown in Figure 3. However, in emergencies, the P-MIP
pipeline may not be able to accept some or all of the potential future flows of the Gila Drain. P
MIP has therefore requested that ADOT allow P-MIP to divert the up to 150 cfs8 to the Santan
Channel on an emergency basis. Because the 150 cfs must be added to the 100-year design peak
flow downstream from the point of diversion, HDR evaluated the impact of the additional flow
on the channel design. The primary concern is that the channel will have sufficient freeboard
with the additional flow, even though the potential that the full diversion would occur at the same
time as the 1OO-year peak is exceedingly small.

The impact was evaluated using the HEC-RAS model (See Appendix B). Available freeboard
was evaluated for flows of 800,900,950 and 1050 cfs using then current 60% design HEC-RAS
model for the Outfall Channel. As can be observed in Table 2, the available freeboard was

4 Figures 4,5 and 6 are the end of this section.
S The level of the concept design for the Phase 3 facilities in Figure 4 is approximately 30%.
6 The name has been changed to "Kyrene South", as ADOT has an existing "Kyrene" pump station on US 60.
7 The pump station is needed to transfer water within the basin complex, including supplemental water required
during the establishment period.
S Metric units have been dropped for clarity in Section 5.
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greater than the minimum required freeboard of one foot (0.3m) for the combined flow of 950 cfs
(that is, 800 cfs design flow plus 150 cfs diverted flow).9

Based upon this analysis, the HDR concluded that the Gila Drain flows could be accommodated
without redesigning the channel. WoodJPatel then evaluated the freeboard for the fmal design of
the Outfall Channel and the results were similar to HDR's as reported in Appendix B.

5.3 Basin Piping and Flow Routing
Figure 4 shows the Phase 1,2 and 3 facilities in the Basin B complex. The primary facilities
include the following:

1. The (7) lO'x 8' Santan Freeway crossing RCB is designed to a concept level for
Phase 3. An HY8 analysis is included in Appendix A.

2. The (2) 8'x 8' Equalization Basin RCB is designed to a concept level for Phase 3. An
HY8 analysis is included in Appendix A. The invert elevation of the Outlet Channel
(1151 feet) forces impoundment and retention offrrst-flush flows up to 27.8 acre-feet.
An examination of the inflow hydrograph shows that this culvert should be designed
for a peak flow of about 1000 cfs that occurs when the Equalization Basin is nearly
full.

3. The 1ODD-foot long Basin B inflow Diversion Weir is designed to a concept level for
Phase 3. A weir rating curve is developed in Appendix A for the HEC-1 routing.

4. The (3) 10'x 4' Outlet Channel Control RCB is included in Phase 2. The Outlet RCB
forces flows exceeding the Outfall Channel design capacity of 800 cfs to be diverted
into Basin B. HY8 was used to develop the outlet RCB rating that is combined with
the weir rating curve in the HEC-I model. The RCB and combined ratings are
included in Appendix A. 10

5. The piping from Equalization Basin to Water Quality Basin cells consists of 24-inch
RCP with sluice gates to control inflow to the cells and outflow from the cells to
Basin B. This system is included in Phase 2. An HY8 run is included in Appendix
A. The flow capacity of the 24-inch pipes greatly exceeds the maximum flow
anticipated for the cells. The 24-inch pipe meets ADOT's recommended minimum
size for drainage systems.

9 River Stations 1200 to 1260 in Table 2 are in the enclosed culvert section. The culvert section can be surcharged
as the top of the culvert is generally more than three feet below grade throughout this section.
10 Many configurations of Outlet RCB and Weir were developed and run in HEC-1 to obtain the fmal configuration
shown in Figure 4. The primary concerns were to (1) limit outflows to 800 cfs, (2) limit the high water level at the
inlet to the Santan RCB to below existing grade at that location and (3) divert no more the than the existing
available storage capacity of Basin B. These conditions are all met in the design shown in Figure 4.
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Gila River Indian Community - PMIP
ADOT: Phase 2 Santan Channel Project
Gila Drain to Santan Channel Overflow Channel Analysis
Oct. 31, 1997

TABLE 2

GILA DRAIN
DIVERSION ANALYSIS

Channel Top of Top of W.S. Elev. Available Freeboard (meters).
River Station "A-3" Sta. Inv. Elev. Chnl. Elev. RCB Elev. a - 800 cfs a = 900 cfs a = 950 cfs· a = 1050 cfs· Q = 800 cfs a - 900 cfs a = 950 cfs· a - 1050 cfs·

1050 0+177.000 346.768 350.168 n/a 349.33 349.38 349.41 349.46 0.84 0.79 0.76 0.71
1100 0+620.000 346.97 350.37 n/a 349.45 349.52 349.55 349.63 0.92 0.85 0.82 0.74
1110 0+807.000 347.093 350.861 n/a 349.5 349.58 349.61 349.69 1.36 1.28 1.25 1.17
1130 0+860.000 347.177 351.000 n/a 349.53 349.61 349.65 349.73 1.47 1.39 1.35 1.27
1140 1+042.181 347.247 351.447 n/a 349.59 349.67 349.71 349.80 1.86 1.78 1.74 1.65
1150 1+062.261 347.26 351.850 n/a 349.58 349.66 349.70 349.77 2.27 2.19 2.15 2.08
1200 1+310.240 347.435 n/a 349.873 349.70 349.79 349.84 350.05 0.17 0.08 0.03 -0.18
1215 1+427.740 347.526 n/a 349.964 349.76 349.86 349.91 350.19 0.20 0.10 0.05 -0.23
1230 1+545.240 347.617 n/a 350.055 349.82 349.93 349.99 350.33 0.24 0.13 0.06 -0.27
1245 1+662.740 347.708 n/a 350.146 349.89 350.01 350.06 350.47 0.26 0.14 0.09 -0.32
1260 1+780.240 347.799 n/a 350.237 349.95 350.08 350.14 350.61 0.29 0.16 0.10 -0.37
1300 2+034.822 348.637 351.24 n/a 350.05 350.21 350.32 351.14 1.19 1.03 0.92 0.10
1320 2+095.000 348.682 351.282 n/a 350.53 350.64 350.69 351.24 0.75 0.64 0.59 0.04
1500 2+340.000 348.853 351.45 n/a 350.71 350.81 350.86 351.30 0.74 0.64 0.59 0.15

1772.3 2+517.692 349.01 351.61 n/a 350.88 350.98 351.03 351.39 0.73 0.63 0.58 0.22
1810 2+542.000 349.03 351.63 n/a 350.90 351.01 351.06 351.40 0.73 0.62 0.57 0.23

1817.69 2+547.308 349.04 351.64 n/a 350.91 351.01 351.15 351.46 0.73 0.63 0.49 0.18
2090 2+725.000 349.201 351.80 n/a 351.08 351.18 351.25 351.52 0.72 0.62 0.55 0.28
2100 2+742.00 349.217 351.82 n/a 351.22 351.33 351.35 - 351.60 0.60 0.49 0.47 0.22
2120 2+802.108 349.271 351.87 n/a 351.19 351.30 351.33 351.58 0.68 0.57 0.54 0.29

• Values in Table shown for a =950 & 1050 cfs include 150 cfs added at the Gila Drain Overflow Channel (R.S. 1810).
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6. The Kyrene South Pump Station concept design is presented in Section 5.4.

7. The vegetated treatment systems design concept is presented in Section 5.5.

8. The Basin B 54-inch RCP gravity discharge pipe to the pump station is included in
Phase 2 except for the portion that connects to the pump station as shown in Figures 4
and 5. An HY8 analysis is included in Appendix A.

9. The 54-inch RCP Discharge Conduit that will convey pumped discharges to the
Outfall Channel is shown in Figure 4. The pipeline will discharge treated storm water
and Basin B retained storm water to the Outfall Channel. The outlet of this pipe can
be regarded as the "point of compliance" for the discharge permit. (See Appendix F).

The routing of flows through the basin complex is as follows:

1. Flows from the Santan Collector Channel are directed to the Equalization Basin until
the capacity of27.8 acre-feet is reached, at which time additional flows are allowed to
bypass to the outflow channel.

2. Additional flows will continue to bypass until the overflow weir level is reached, at
which time the flows will be split between the bypass channel and the Basin B
overflow. At the basin high water level the flow to the bypass channel is limited to
approximately 800 cfs.

3. Flows collected in the Equalization Basin can be retained as long as desired to allow
for settling of the "first flush" flows. This accomplishes part of the "first flush"
treatment because pollutants are often attached to soil particles. It should also reduce
sedimentation in the vegetated treatment cells.

4. Discharge from the Equalization Basin to the vegetated treatment cells will be
regulated by manually operated sluice gates on 24-inch RCP transfer pipes.
Discharge rates will be governed by residence time required to achieve desired
treatment levels in the cells and other considerations, such as mosquito control and
make-up water requirements.

5. Flows from the treatment cells will be discharged to Basin B through gated 24-inch
discharge pipes. The outlet gates will be used primarily to control the water levels in
the cells.

6. The treated flows will be discharged to the Kyrene Pump Station through the 54-inch
Basin B evacuation pipe. There will be two low-flow submersible pumps in the pump
station to evacuate the treated flows to the outflow channel. These will be in the size
range of 2000 gpm each. The treated flows that are captured in Basin B can also be
recycled to the Equalization Basin, if desired.
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7. The flows detained in Basin B will be evacuated to the Kyrene Pump Station. The
maximum flow in the 54-inch evacuation pipe is estimated to be 160 cfs that will
evacuate the full basin in approximately 36 hours. The 54-in pipe will be gated at the
inlet with a manually operated sluice gate. Figure 4 also shows that an emergency
gate is recommended to be installed in a gate structure near the pump station. The
emergency gate will normally be open, but will be closed automatically if a preset
maximum level is reached in the wet well. This will provide added protection to
prevent flooding of the freeway in the event that the combined freeway and Basin B
inflows to the station exceed the nominal station capacity of 200 cfs.

5.4 Kyrene South Pump Station
The configuration of the Kyrene South Pump Station as shown in Figure 5 is described in
ADOT's Storm Water Pump Station Design Documents developed by HDR in 1991. The Kyrene
South station is very similar to the original concept for this station as described in the Gila Drain
Alternatives Concept Drainage Report (1993). The station has 4-50 cfs capacity diesel or natural
gasll-driven vertical turbine pumps and a 10,000 gpml2 low-flow submersible pump. The pump
station will be normally configured to evacuate the freeway storm water to the Equalization
Basin through the discharge box. The discharge box has two manually operated sluice gates, one
normally open to the Equalization Basin and one normally closed to the 54-inch Discharge
Conduit.

If the treatment cells are operating, the manual gate on the 54-inch Basin B evacuation line will
be partially opened to drain these flows to the pump station. The treated flows can either be
pumped to the Equalization Basin for recycling or discharged to the Outfall Channel. Electric
operated valves on the 2000 gpm pump discharge lines will allow treated flows to be directed
either to the Equalization Basin or to the Discharge Conduit.

If Basin B is holding storm overflows that must be evacuated, the manual gate on the Basin B
evacuation pipe will be opened as necessary (i.e. wide open) to evacuate the retained to the pump
station. In this case the gates in the discharge box will be reversed (i. e. the Equalization Basin
sluice gate closed and the Discharge Conduit sluice gate opened) to direct the flows to the
Discharge Conduit.

A optional back-flow prevention device may be desired at the discharge end of the 24-inch RCP
discharge pipe from the cells to Basin B to prevent back-flow into the cells when Basin B fills.
This is an added precaution because the vegetation in the cells can tolerate short periods of
inundation. Basin B will receive overflows very infrequently and perhaps not at all during some
years. Disadvantages of back-flow prevention include additional maintenance requirements and
additional head loss that may interfere with flow control during normal operation. A rubberized

II ADOT currently prefers natural gas engines if there is a high-pressure gas line available at a reasonable cost.
Southwest Gas has been contacted to determine the cost of supplying natural gas to this site, but has not provided
that information at this time.
12 The single 10,000 gpm submersible low flow pump will be replaced with two 2,000 gpm submersible pumps for
this station to match anticipated low flows from the treatment cells.
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"check-valve" such as Tideflex manufactured by the Red Valve Company may be the preferred
option in this case. This option can be added in Phase 3 , if desired.

5.5 Vegetated Treatment Cells
As a condition of the permit from the Gila River Indian Community to discharge storm water to
the Gila Floodway, the Stakeholders have agreed to provide a storm water treatment system. The
conditions of the permit are defined in Appendix F.

A report by Dr. Martin Karpiscak entitled Santan Treatment Wetlands (June, 1998) is included in
Appendix D. The report explores various options available for the design of the vegetated
treatment cells. Although two cells have been provided so that one cell can be serviced while the
other is operating, the two cells may also offer the opportunity to test two different vegetated
treatment systems. It is anticipated that the [mal decision on the type of vegetated cell to be
constructed in Phase 3 will be made by the SEVRDS Stakeholders based upon the
recommendations that are presented in Dr. Karpiscak's report and summarized herein.

Dr. Karpiscak presents three alternatives for the treatment cells: 1) a traditional surface flow
system, 2) a "hybrid" surface and subsurface flow system and 3) an untested "arid wetlands"
system.

At the present time the "hybrid" system is recommended for this project, as shown in Figure 6.
This configuration combines the treatment performance of traditional surface flow system while
allowing subsurface flow at critical times for mosquito control. Normal water levels would be
maintained 6 to 12 inches above the gravel substrate surface. However, if mosquitoes become a
problem in the summer, the water level can be drawn down two to four inches below the gravel
surface. This would reduce the mosquito-breeding habitat and at the same time allow greater
mosquito control to occur in the deep zones. The deep zones can be stocked with larvae eating
fish such as Gambusia or treated with larvicides. Disadvantages of this system are that the
gravel substrate can become plugged over a period of time. A bypass system is recommended to
allow cells to be bypassed if plugging occurs. The bypass piping system concept is shown in
plan in Figure 4.

Recommended vegetation for the hybrid system is a mixture of soft-stem bulrush, common reed
and cattail as outlined in the Wetlands report. This type of vegetation requires a continuous
water supply and supplemental water will be required. Storm water runoff events are too
intermittent in Phoenix to provide an assured water supply. The Basin B site is served by the
Salt River Project irrigation system. Irrigation water can be supplied to the site from the existing
Pecos canal/drain turnout at the comer of Kyrene and Pecos Roads. The water can be delivered
to the Equalization Basin by connecting to the existing concrete-lined vee-ditch along the west
side of Kyrene Road. The annual supplemental supply is anticipated to be on the order of 20 to
30 acre-feet.

Seepage from the cells is anticipated to be minimal because the bottom soils are sandy and silty
clays with very low permeability (See Geotechnical Investigation Report - Design of Santan
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Channel, Phase 1, AGRA Earth and Environmental, 11 March 1997). The soils could be
rendered virtually impervious by over-excavation and compaction. The discharge permit
requires groundwater monitoring. The SEVRDS Stakeholders are to decide where the
monitoring wells will be placed in accordance with the permit conditions.

The discharge permit also requires that discharges at the "point-of-compliance" be monitored and
sampled. According the permit, the "point of compliance" appears to be the upper end of the
Outfall Channel. Another activity of the SEVRDS Stakeholders is to agree upon the location of
the "point of compliance" and the parameters of the flow monitoring and sampling system to be
installed at that location.

The traditional wetlands treatment system is very similar to the hybrid system, except the
planting media is soil and the water level is always held above the planting media. This system
may provide somewhat better treatment than the hybrid system but does not offer the mosquito
control advantages. This system would not require the bypass piping system. The vegetation,
maintenance and operation would be similar to the hybrid system.

The "arid wetland" system would be a flooding type of basin that would contain species that can
tolerate dry periods. Since this system has not been tested, the performance is unknown. The
potential advantage of this system would be water conservation, as less water is required to keep
the vegetation alive. However, there is a risk that it would not provide the treatment that is
desired.

Any of the proposed alternative systems will require approximately 20 hours per week to
maintain and operate the system. The required maintenance and operation activities are listed on
page 44 of the Wetlands report. This includes monitoring and sampling such as suggested on
page 45 of the report.

The vegetation should not be planted in the cells until there is an assured water supply and the
means to transfer and recycle water in the basin complex. Therefore, the pump station should be
constructed in Phase 3 unless a temporary pumping system is provided. The supply of water
from the Pecos Drain requires a simple connection and an agreement with SRP.
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6.0 EXHIBITS

Phase 1 Basin Grading Project Plans

Phase 2 Santan Channel Plans and Basin Piping Plans
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DETAIL
GATE STRUCTURE DETAIL lOl

J8nvn Angl. Iron
w/ Anchors per
Grating l/fgr.

J8mm Alumfrom Grating
(Ohio Grating or Approved Equal)

GRATING DETAIL

I I I

r- 0 -
r- -
r- -
r- -

-5,,200 EF
~~lg

2. Extra -5xl600
on Each Side of
Inlet Hoi.

Saddl. Clips or
Anchor Blocks
wlBotts per
Grating l/fgr.

~;~~ach v'uu Jr
ILap on 'fop 8< Sldes):!\I -

TYFICAL INLET REI!'lFORCEMENT

TRACS NO. H43I4 02C

1IDE-~OATtl--ARriONi OEPARlllENT OF TRANSPORTATION
Il(SlQl SKV +99 INTERMOOAL TIUNSI'OIITATION DIViSiON

14·98

"''''202L I"""~ DETENTION BASIN B

See TypIcal Corner Detail

ThIs Owg. TYPICAL CORNER REINFORCEMENT

~

EI A.~~-1 ~
~e c.\J

GATE STRUCTURE NO. 101

~2-Extra "6aEach
• SIde of OpenIng

NOTES,
I. Contractor to SUbmit Lock Down Bolt. Washer

and Clip detail to EngIneer for approval.

GATE STRUCTURE NO. lOl-TOP PLAN

762mm x 838mm / II ,Qi('I \ 300mm Fl/let 8
Rectangular OperJng ,"./! '/un' ....
IAbove)

762m1n x 838mm
Rectangular OpenIng

Floor stand w/
Poslffon IndIcator
(typ)

lTyp)

See Gralfng Detail
ThIs Owg.

300 mm

i §1~1~1cb I

I
I
E

Crank Of)"rated Floor
Stand With Position
Indicator (Behind)

r+~L· AlumInum Gratl
'fTi,:t1
IiI => Exst Ground Una

Iii CIi,
LUC' .:t ....... ~ I _ _ __- _

I
)829mm Inside Diameter

i~
i
i

ili

I--

:'~.
.~j.../

---

h~-

EI352.650t
Top of Slab

M]iiif Slab Flush

Crank Operated Floor
stand w/Posltlon IndIcator

6IOmm RGRCP ~storm Drain ~, , ,
a S=O.oo47m/m [ 'j

~'"..
. -

1829mm 10 Concrete
Pipe for Manhole per
A5TM C-478

Stem Guides w/Wall
Brackets as Req'd by
Gate Manufacturer ITyp)/'

~
~

t
~,..
~~;
~?~
~-?'~

~~~
w=a::

o

j
e

I
g
~

I
j

--_ -.. -.-.---_ .. _.- .. - .-.,. --- _--_ _------

i

~

i
N ~

"8alSO EW Bottom 
"6alSO EW Top

2-"4a Each Corner

\/.ill r1illl IIi)( "~'fj

• • •
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Floor stend w/
Position IndIcator
(typl

610mm Flush mounted
Heavy Duty SluIce Gates
(typl

762mm x 8J8mm
Rectengular Opening
(Above)

NO
CONTROL OISTRICT Of' MARICOPA courr

DETAIL B2

600-7-502

ARIZONA OEPARTMENT OF TRANSPORTATION
INTEllllOOAL TRANSPORTATION ONISION

DETENTION BASIN B

i i 11II ~I :
II li: 1 !

HJI
GATE STRUCTURE NO. ;ETAIL 82

GATE STRUCTURE DETAILS 102 & 103

N

t

TRACS NO. H4314 02C

I

GATE STRUCTURE NO. l03-TOP PLAN

i01FE
llESiQI BKV ·4·91
WIN :ORS i4-<ja
mom IJJZ---- - [,Hs

lffi
HOR~1ftc.

"f4OUTi, 202L 1~:X:~ff.:iii"

N

f

l';

~II--
!QA

See Note 2

300mm Fillet
(typ)

See Typical Corner
Detail D.otg. B-l.4

762mm x 838mm
Rectanguler OpenIng

Floor Stand w/
PosItIon IndIcator
(typl

GATE STRUCTURE NO. 102

NOTES:
1. Contractor to submit Lock Down Bolt, Washer

end Clip detell to Engineer for epprovel.
2. Soo Detail Bl for reInforcement detells.

GATE STRUCTURE NO. 102-TOP PLAN

t

GS 101. IE 346.658

GS lOJ. IE J44.188

610mm Flush mounted
Heavy Duty Sluice Gates
(typ)

ITyp)

See Not., 2,

300 mm

b'f1'tk 8£,: J48.258
GS 103 Elev 345.788

762mm x 838mm
Rectanguler Opening
(Above)

$

I---t- ei:J

~T1t§ttiIT'
i

SECTION A-A

'.
"

"W2. ",,g.,,,, . . i' '..: ,...r'
'. .,": '. " .:' '" :-.. < ': i.' : '."" ..', ". !

GS 10J. IE J44.569 ',' . ~'... '..... : .. !'.' '.: " , ,.,
• - • q ?

C---, 'Flow
()~~

610mm RGRCP
Storm DraIn
GS 102 S=0.0019
GS 103 S=O.oo41

~

1829mm InsIde DIameter

610mm RGRCP
(typ)

---

Crenk Opereted Floor Crenk O{J8l"eted Floor
Stend w/Posltlon IndIcator Stend with Position

~ '_'&00'
Alumlnum Gretl

1M
.... "'"

£1 J52.650:1"
Top of Sieb----Mjiiif SOb _ - ------,." - ,

with ExistIng Grede

See Graffng Detail
See D.otg. B-l.4

1829mm ID Concrete
~l0E-~a;ho1fJ per

:}-"""7
·~V

Stem GuIdes w/Wall V
Breckets as Req'd by /
Gete Manufecturer ITypl~

Ii
;;

",'

~
i
I

!
i

a.
'!
'l'
:9

J~
~:;~

~~i
~{*
;~~
0: ... 0
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~

t
Crank O/Xirated Floor
stand w/Pos!tlon IndllXJtor

2-Extra #6"Each
Side of Opening

GATE STRUCTURE NO. 104-TOP PLAN

#81>150 EW Bottom

!76.2mm§cxr,,;7~62m~m~~IIII~#~61>~1~SO~EW Top
Square Opening

2-#4<1 Each Corner
.l'~

~~ ..

Sea Grating Detail
Dwg. B-l.4

Crank O~ated Floor
stand w/ Position IndllXJtor

E:xst Ground Une

lOP or :Jlau - - J) ~ J _
.... _. L ""'.._1.. I~i SI:C==1

Aluminum Grating

o
g
§
5
~,
8,

DETAIL 83
GATE STRUCTURE DETAIL 104

A

.J

2438mm ID Concrete
':!£P/"E_ltl!hole per

~

1002168

2310

42

GATE STRUCTURE NO. 104

100

3768

(4

~
#51>200L
(Typ) -~= --.. ... I

1370mm Flush Mounted
762mm x 762mm ~ II HeaVY Duty SluIce Gate
Square Opening
(A/Jove) ,

700

#S,,200 F~..~ ~
~ "

#SI>zoo.#r
(Typ) T ----

~'fev°S.J~O
1370mm RGRCP
Storm Drain
I> S=O.OO37m/m

stem GuIdes w/
Wall Brackets as
RequIred by Gate
MaWfacturar (typ)

1370mm Flush Mounted
Heavy Duty Sluice Gate
w/ Non-Rising Stem
(typ, Sea Speas)

r 914mm 1

': 1
45.7mmj

#SI>200 EF, EW

SECTION A-A

I
2438mm I D

I
i

k]l~~IE: 343.489 ~-':'Ele¥ 343.164 ..::-:..,
~:(:'::l:: .

\ .

2438mm ID Concrete
':!£PlOf_ltl!hoIe per

5
'!
'l'

~s.,
J~
So>

~~
CO

{~
w~
~2i

NOTES:
I. Contractor to submit Lock Down Bolt, Washer

and Clip detail to Engineer for approval.

'-'l(--~ AR~~f.~~tl1J~~~Tm:~~~~1J~OH
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NOTES:

SECTION 0-0

;O"-9~ AIG
,,-,.FLOOD COHIROL DISTRiCT Of lWlICOPA

DETAIL 64

DETAIL 84
HEADWALL W/TRASHRACK DETAIL

!km ARIJ=.t=~T~~M~OH

~
75 mm I 1-~UnlfY,/ to be keyed In
(MlnJ for full perimeter

1. Saa PIan/Profile drawlfY,/s for orientatIon
of haadwalls.

2. MAG Cliiss A Concrete Cilst-In-plllC9 walls
and apron shall be constructed In lIocordaflC8
wIth MAG UnIform Spaclflcatlons for Public Works
SectIons 50S, 725. 72.6 and 72.7.

3. RelnfarclfY,/ StaB/ to be ASTM A615 grade 60.
Structural stael to be ASTM A709 Grade 36.

4. Concrete flller to match Invert elevatIon
at (Elev C) and match slope of plpe.
MlnllWm thIckness 300 mm. "

5. TrllshrliCks may be Instlilled In any sequence
or order, malntlllnlfY,/ the 168 mm spacIng
between the bllrs of adjacent unIts and equal
dIstance from each sIde of the headwall.

6. Install TrashriiCks wIth 13 mm dla X 95 mm
expansIon anchors. usIng the slotted holes as
II tamplate.

7. 360 mm plate shall not extend below top of pIpe.
8. Remove all scale from rack bars. Metal spray or

paInt wIth 0fIIJ coat zInc chromate or red lead
prImer. OVercoat wIth gray IndustrIal enamel.
MAG Spec. 790.

~ :9]5

""'202L

TRASH RACK

RACK BARS

Saa Nof& 5

~/7mmf>2Smm<rrYPJ

SECTION C-C

1I"<:I.IRIlf'1( I·QUANTrTlES

HOOF COIlC _.STLI
BARS CIll Kg

7 5 160
7 5 160

13 5 213

7 5 160

I J-SOmm I

35mm_11 K I:
II . II

; I!I I!
- -(2) 25mm ¢ HOLES

.7--f>P5mm<rrYPJ

4s:b1 MI •
__~ I

SECTION B-B

150 mm

=-=--j~"r- 19 mm ch<Imfer exposed" "I 1/ horlz & vert edges

"

Cast-In-PliJC6 Wall to have "4 rebar
(I 300 mm OC fliICh way centered
In wall. ProvIde 45f mm x 45f mm
corner bars at all corners to match
horIzontal rB/nforc/fY,/.'ff:!L", ProvIde (2) extra "4 bars above. bB/ow,

~~N at fliICh sIde of plpe and at each dIagonal;

F H I J K L W

100 mm 610 mm 1219 mm 1422 mm 1302 mm 98 mm UaT mm
100 mm 610 mm 1219 mm 1422 mm 1302 mm 98mm UaT mm
45f mm 8U mm 1219 mm 2438 mm 2318 mm 102 mm 1981 mm
100 mm 610 mm 1219 mm 1422 mm 1302 mm 98mm UaT mm

\)\...-

Flow
~

r: ill

CONSTRUCTION DATA FOR HEADWALL WITH T~~ ... 'n~"

<0

"~,,' ,~, /~
',:,~

PIf'E I ElevA EJev B ElevC EJeY 0 E

610 mm 348.Zl2 346.908 346.748 346.848 1829 mm
610 mm 348.Zl2 346.908 346.748 346.848 1829 mm

1370 mm 345.912 344.286 343.779 344.236 2438 mm
610 mm 348.677 347.314 347.153 347.253 1829 mm

Saa SecIlon 8 for wall
rB/nforCBlllBllt rryp)

8-1.1

8-1.1
8-1.1
8-1.1

, I 1

~-~

~

PUIVl'llOFU
REF Dwa

PLAN VIEW

8attom of Willi 81JYOfld
UndIsturbed SolI or Compacted Nllt/Ye Mllterla/.
Compacted Mliterlill shall be mlnllWm_9_5_Y._d_eTlS-e1fy,---",
Std ProctorJ per MAG Spec. 301. --c

SECTION A-A

\

Undlsturbed SolI or Compacted NatIve MaterIal.
Compacted Materlill shall be minimum 957. denslfy
Std ProofrJrJ per MAG Spec. 301.

rElev A

/ rSaa Note 7

StatIon
rrypJ

~T~
~I~ 356 mm
- (MIn) TYP.

STATION

Sta 0+015.000, 15.500 U
Sta 0+465.000. 15.500 U
Sta 0+437.100. 36.700 Rt
ISta 0+2.40.000, Zl.500 Rt

gl HOWL

:l!
~III

g~o.~ 1
0-

11 2
§ 3
ll; 4

~
aPIn2.0

~H



CONSTRUCTION DATA FOR HEADWALL WITH RIP RAP QUANT11lES

I'DWL I'UNII'ROfl£ COlIC REINF. sn.. RIPRAP
No. STATION REF OWG PIPE I EJev A EJev B eev C EJev 0 E F N I J K ON KO Cll

1 StiJ 0+219.9, 33.4 m U 8-1.1 510 mm 348.533 347.100 347.000 347.100 1829 100 510 1219 1422 1302 3 145 4
2 Sf<J 0+252.1, 33.4 m U 8-1.1 510 mm 348.533 347.100 347.000 347.100 1829 100 510 1219 1422 1302 3 145 4

3 StiJ 0+455. 35.9 m Rt 8-1.1 510 mm 345.933 344.500 344.400 344.500 1829 100 510 1219 1422 1302 3 145 4

600-7-502

lftiilfE
202L

DETAIL 85
HEADWALL DETAIL

NOTES

SECTION B-B

1. S66 PliJn/Pron!8 driJwlngs for orl8nfiJtfon
of heiJdWiJffs.

2. MAG Class A Concr8f8 casf-In-p(iJoo wiJffs
shiJff b8 construr;led In aooordiJnoo with
MAG Uniform Speclffcatfons for Pqbffa
Works SectIons 505, 725, 72.5 iJnd 727.

3. R8Inforcfng St88I to b8 ASTM MIS
griJd850.

4. Concr8f8 ffff8r to miJtoh Inv8rl el8ViJtfon
iJt (EI8Y C) iJnd miJtah slope of pipe•
MlmlTHlm thlakn&Ss 300 mm.

150 mm
=--=-j~r- 19 mm chiJmfer 8Xposed_ I 1/ horlz & v8rl edg&S

.

CiJsf-In-PIiJG8 WiJff to hiJv8 #4 r8biJr
<I 300 mm DC 8iJCh wIlY centered In
wiJff. Provld8 451 mm x 4S1 mm
rorn8r biJrs iJt iJff rorn8rS to miJtoh
horIzontal r8lnforclng.

:~'!.."" Provld8 (2) 8XfriJ #4 biJrs iJboY8, below,
OJWN iJf 8iJCh sld8 of pfpe iJnd iJf 8iJCh dliJgonaJ.

Rip Rap GradiJtfon No.2 (D50=2.00mmJ
p8r MAG 580t. 703.2.

PLAN VIEW

SECTION A-A

\ rEI8Y A

'Isturbed Sol/ or Compaof8d NiJtfv8 MaterliJl.
Jpaof8d MiJt8rlai shall b8 mfnllTHlm 957

Inslty (SId Proctor) p8r MAG Sect. 301.

[
;S66 SectIon 8 for wiJff ""'. "--" Yo ~n "--"~o:~~ t50.
relnforC8fTl8llf rryp) /0 Jrl, ~ ~ ~ 'L~

r~1 r o~o FO(MlnJ... 150 mm rryp) '>=f !Xi IX: ~ { I' ?:!!l.
~ ~~ ~ m h><: ~

~li A:~,;:;O ~ (2; ~ ~ ~~
l:: ~Vl I /) ~~ ~ 0 ~
1i! ~ ~ / .A?-'n'1fQ' , ~ 0 i ~ ~~ ~

r- _ ~ IX:. JX?"5cLM

Plpel~1 I db': (;) (;) (;) ~\
A -p.~·~t- _..~, ~ ~ ~ ~ ~ e5: A
L _ I"" _ IX: 0 IS<': :fIX: . IX: IX: r,.<: 0 P1<1.J

I / ~~O - (;) ;:>0 ';:;0 (;) (;) a'-.··..r·· roo")" • ~~i e5:~ nx: ~i i,!s IX: .!XI

I 1/ ~~o nP (;) d
y~ ,~~~~e5:~~~~~~~

~ ~~~~ ~e5::f~ ~e5:~
yp 'Ov "V ~ PI?~o ~ (;) ~ e5: (;) (d<A- '(

~ 0 0 Ib!s:fIX (?~?
p~~~~ ~: rJ

c

'

~~ (;)~~~ 19: (;)~
~og(;)~i~ en. 2:c

, :f ,; ~i IX: ~ ,i,!s :rJ
e5: (;)~ ~~

~ ~ ~:~ ~'6&
"Q0!Xi Wt':!:Y
~ q~ ,,57

.,~ 0
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f
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APPENDIX A

. Hydrologic Analysis
HEC-l Computer Model

Culvert & Basin Piping Analyses

· Santan Freeway 7-1 0'x8' RCB / HY-8
· Basin B Rating for HEC-1 Model
· Basin B Outlet 3-10' x 4' RCB / HY-8
· Equalization 2-8'x8' RCB / HY-8
· Detention Basin B Elev.-Vol.- Area Calc.
· Equalization Basin Elev.-Vol.- Area Calc.
· Equalization to Wetland 24" RCP / HY-8
· Basin B 54" (Evacuation) Outlet RCP / HY-8
· HEC-1 Model SVRD05r--J2. DAT



=
~ C ~ SITE DATA ~ CULVERT SHAPE, MATERIAL, INLET ~
~ U +00000000000000000000000000100000000000000000000000000000000000000000000000.

~ L ~ INLET OUTLET CULVERT ~ BARRELS ~
~ V ~ ELEV. ELEV. LENGTH ~ SHAPE SPAN RISE MANNING INLET ~
~ ~ (FT) (FT) (FT) %-0 MATERIAL (FT) (FT) n TYPE %-0

~ 1 ~1142.00 1141.00 250.00 ~ 7 RCB 10.00 8.00 .012 CONVENTIONAL~

%02%0 %"0 ~
~ 3 ~ %0 ~
%04%0 %0 %0
~ 5 %0 ~ ~
to6%o %0 %0
_ooo±oooooooooooooooooooooooooo±ooooooooooooooooooooooooooooooooooooooooooooooo~

CURRENT DATE: 05-26-1998 FILE DATE: 05-26-1998
CURRENT TIME: 17: 19: 16 5 + r C FILE NAME: SANTRCB

o"'oooooooooooooooooooooooo~~o~?ootr~~ooo~~S~!~:Loooooooo oooooo~'ooooooooooooo
00000000000000000000000000 FHWA CULVERT ANALYSIS 0000000000'::10000000000000

00000000000000000000000000 HY-8, VERSION 3.2 00000000000000000000000000

eoooxooooooooooooooooooooooooooxoooooooooooooooooooooo0000000000000000000000000

00000000000000000000000000000000000000000000000000000000000000000000000000000000

FILE: SANTRCB CULVERT HEADWATER ELEVATION (FT) DATE: 05-26-1998

DISCHARGE 1 2 3 4 5 6 ROADWAY

0 1154.40 0.00 0.00 0.00 0.00 0.00 1155.50

289 1154.41 0.00 0.00 0.00 0.00 0.00 1156.71

577 1154.43 0.00 0.00 0.00 0.00 0.00 1157.41

• 866 1154.46 0.00 0.00 0.00 0.00 0.00 1158.02

1154 1154.50 0.00 0.00 0.00 0.00 0.00 1158.55

1443 1154.56 0.00 0.00 0.00 0.00 0.00 1159.04

1731 1154.63 0.00 0.00 0.00 0.00 0.00 1159.49

2020 1154.72 0.00 0.00 0.00 0.00 0.00 1159.93

2308 1154.81 0.00 0.00 0.00 0.00 0.00 1160.34

2597 1154.92 0.00 0.00 0.00 0.00 0.00 1160.74

2885 1155.04 *' 0.00 0.00 0.00 0.00 0.00 1161.11
00000000000000000000000000000000000000000000000000000000000000000000000000000000

•



1r/3

oooooooooooooooooooooooooooo~~!~o~o%1o~~~i~~oooooooooooooooooo~oooooo
°llt°ooooooooooooooooooooo CULVERT # 1 00000000000000000000000000

o 0000000000000000000000000000000000000000000000000000000000000000000000000000•PERFORMANCE CURVE FOR 7 BARREL(S)

Q HWE TWE ICH OCH FLOW CCE FCE TCE VO
(cfs) (ft) (ft) (ft) (ft) TYPE (ft) (ft) (ft) (fps)

0 1154.40 1154.40 0.00 12.40 O-NF 0.00 1142.00 0.00 0.00
289 1154.41 1154.40 1. 24 12.41 4-FF 0.00 0.00 0.00 0.52
577 1154.43 1154.40 1. 96 12.43 4-FF 0.00 0.00 0.00 1.03
866 1154.46 1154.40 2.57 12.46 4-FF 0.00 0.00 0.00 1. 55

1154 1154.50 1154.40 3.11 12.50 4-FF 0.00 0.00 0.00 2.06
1443 1154.56 1154.40 3.61 12.56 4-FF 0.00 0.00 0.00 2.58
1731 1154.63 1154.40 4.08 12.63 4-FF 0.00 0.00 0.00 3.09
2020 1154.72 1154.40 4.53 12.72 4-FF 0.00 0.00 0.00 3.61
2308 1154.81 1154.40 4.96 12.81 4-FF 0.00 '0.00 0.00 4.12
2597 1154.92 1154.40 5.37 12.92 4-FF 0.00 0.00 0.00 4.64
2885 1155.04 1154.40 5.76 13.04 4-FF 0.00 0:00 0.00 5.15

El. inlet face invert 1142.00 ft El. outlet invert 1141. 00 ft
El. inlet throat invert 0.00 ft El. inlet crest 0.00 ft

00000000000000000000000000000000000000000000000000000000000000000000000000000000

*****

•
SITE DATA ***** CULVERT INVERT
INLET STATION (FT)
INLET ELEVATION (FT)
OUTLET STATION (FT)
OUTLET ELEVATION (FT)
NUMBER OF BARRELS
SLOPE (V-FT/H-FT)
CULVERT LENGTH ALONG SLOPE (FT)

**************
0.00

1142.00
250.00

1141.00
7.00
0.0040

250.00

***** CULVERT DATA SUMMARY ************************
BARREL SHAPE BOX
BARREL SPAN 10.00 FT
BARREL RISE 8.00 FT
BARREL MATERIAL CONCRETE
BARREL MANNING'S N 0.012
INLET TYPE CONVENTIONAL
INLET EDGE AND WALL 1.5:1 BEVEL (90 DEG. )
INLET DEPRESSION NONE

00000000000000000000000000000000000000000000000000000000000000000000000000000000

•



oooooooooooooooooooooooooooooooo~j~J!~~o~~j~~ooooooooooooooooo~ooooo
0.0000000000000000000000 TAILWATER 00000000000000000000000000

o 0000000000000000000000000000000000000000000000000000000000000000000000000000

00000000000000000000000000000000000000000000000000000000000000000000000000000000

CONSTANT WATER SURFACE ELEVATION
1154.40

00000000000000000000000000000000000000000000000000000000000000000000000000000000

0000000000000000000000 0000 ROADWAY OVERTOPPING DATA 00000000000000000000000000

00000000000000000000000000000000000000000000000000000000000000000000000000000000

ROADWAY SURFACE
EMBANKMENT TOP WIDTH (FT)
CREST LENGTH (FT)
OVERTOPPING CREST ELEVATION (FT)

PAVED
2.00

70.00
1155.50

00000000000000000000000000000000000000000000000000000000000000000000000000000000

•

•
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Sheet1

BASIN B Rating for HEC-1 Model J. Zovne 5/18/98
Santan Channel Project
ADOT contract 97-16
Phase 2 Design

Elev. Head(ft) Length(ft) CValue Qweir(cfs) Qrcb(cfs) Qtotal Comments
1150.1 0 o RCB invert @ 1150.1, 350.55m

1151.07 100 100
1151.65 200 200
1152.13 300 300
1152.63 400 400
1153.09 500 500
1153.7 0 1000 0 636 636 WeirElev.@ 1153.7 351.65m
1153.8 0.1 1000 2.82 89 659 748
1153.9 0.2 1000 2.82 252 682 934

1154 0.3 1000 2.94 483 705 1188
1154.1 0.4 1000 3.04 769 728 1497 Top of RCB@ 1154.1, 351.77m
1154.2 0.5 1000 3.13 1107 751 1858
1154.3 0.6 1000 3.20 1487 774 2261
1154.4 0.7 1000 3.26 1909 796 2705
1154.5 0.8 1000 3.32 2376 818 3194 TargetHWL

Assumptions:
1. Weir Coefficients from King's Handbook of Hydraulics, Table 57attached.
2. Weir will be a slope-paved with 2:1 slopes, both sides.
3. Velocity of approach negligible.
4. Qrcb rating for 3-10x4 box culvert from HY8, attached.

Page 1



FIG. 51.-Triangular weir.

.Weirs of Trapezoidal Section.-Figure 52 represents a weir
of trapezoidal section with both upstream and downstream
faces inclined. Experiments on this type of weir were made
by Bazin and the U. S. Deep Waterways Board. Bazin's
e;.,.'periments were all on weirs 2.64 feet high, the breadth of
crest A.B varying from 0.66 foot to 1.32 feet. Experiments on
two weirs of this type, each 4.9 feet high, were performed by
the U. S. Deep Waterways Board.

•

~"=.-.~\ ! ~. to .
~.,.. ..1-

FIG. 55

g'rii to \ -". --± 1.0' -.....,.•+M
: "1 y-~. foF-.

C'1 <n. ..-;:- -5·-~"

~ ...~.~ ..: .;;' /! 30°
.... --.7.0-'- _ '-? ,-0 VI,,> I- i. _y' ",

FIG. 57. FIG, 58.

FIGS••54 to 58.

~
tO\ ...--

~ I.. I
.....0 4.<> - .t1.., ~

_L
FIG. 56.

-- '__!::-O:75
: I I -----T2:o

-~o·'l
j_ I' .-

L.--IO:58_·_~·-12:0--->-ir -- ,. I

FIG. 54

•
Table 59 (p. 168) gives coefficients derived from these

experiments. Discharges should be corrected for velocity of
approach by formula (2) or (3).

Weirs of Irregular Section.-Figures 54 to 58, inclusive,
represent models of weirs experimented upon by the U. S. Deep
W1Lterways Board, under the direction of G. W. Rafter, at the
hydraulic bhoratory of Cornell University. From four to
seven e;.,:periments were run. o~ each model, the range of head
varying approximately from 1 foot to 5.5 feet. Values of C
tabulated from these experiments are given in Table 60 (p. 168) •

WEIRS NOT SHilRP CRESTED 159

Experiments on models of the old Croton dam (Figs. 59 to
63, inclusive) were made at Cornell University in 1809, for the
city of New York, under the direction of .J. R. Freeman. The
models were given different degrees of roughness to determine
the effect of roughness of crest on discharge. Table 61 (p.
168) gives the tabulated results of these experiments.

'----"-EXperfments fortheU. S. Geological Survey, under
the direction.of Robert E. Horton, were performed in 1903 at the
hydraulic laboratory of Cornell University to determine the
coefficients of discharge of weirs modeled after various types
of dams. Figures 64 to 71, inclusive, show forms of crests of
models experimented upon..The weirs were a111L25 feet high
and either 8 or 15 feet long. The purpose of the experiments
was to enable the Geological Survey to determine more accu
rately discharges over weirs at gaging stations. Coefficients
obtained from these experiments are given in Table 62 (p. 169).

Figure 72 is a cross-section of the old dam at Austin, Tex.
Five series of gagings of flow over this dam were made with

HANDBOOK OF HYDRA ULICS

•

T~+ .
FIG. 5Z.-Trapezoidal" weir.

CQeffigi.~JltL£Q'y'<;ldp.,.g.JE.<;;_!.~:l..~S•.0..12azi.n,s ,£xperiments are
given in Table 57 (p. 167). Table 58 (p. 167) gives coefficients
resulting from the experiments by the U. S. Deep Waterways

Board.
. iI-------'"

lLI
FIG. 53.-Trapezoidal weir.

For weirs of trapezoidal cross-section with sloping upstream
and vertical downstream face (Fig. 53) there are fiye series of
experiments by the U. S. Deep Waterways Board. All of the
models for these experiments were approximately 4.9 feet
high, and the breadth of crest AB was either 0.33 or 0.66 foot.
The length of all weirs was 6.58 feet.

158

Coefficients covering the range of these experiments are given
in Table 56 (p. 166). The velocity of approach correction
should be made in accordance with formula (2) or (3).

r~~
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TABLE 56.-YALUES OF C IN THE FORMULA Q = CLHH FOR

\YEIRS OF TRIANGULAR CROSS-SECTION WITH BOTH

FACES INCLINED. FOR HEADS ABOVE 1.5 FEET

USE THE VALUE OF C GIVEN FOR A HEAD

O~' 1.5 FEET

TABLE 55.-YALUES OF C IN THE FORMULA Q = CLHH,
BEING THE MEAN AND EXTENSION OF EXPERIMENTAL RE

SULTS, ON WEIRS OF TRIANGULAR CROSS-SECTION WITH

YERTICAL UPSTREAM FACE AND SLOPING DOWN

STREAM FACE. 'THlS TABLE SHOULD FJE

USED ONLY FOR HEADS ABOVE 0.7 FOOT

'--i'

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

167

Head ill feet,ll

1.611.812.°12.513. ° 13 . 51·!. ° I!. 51 5 . 0 15:;;

: I I I I f i I I I

"

3.5i1a. 56,3. 56[3. 57,3. 58/' 3. 60
1
3. 62 1

1

3. 65113.6813.70
3.58ia.56!3.531'3.483.44 3.43'3.48 3.54 3.573.58

[I iii

0.67
0.33

Width
of crest
in feet

WEIRS NOT SHARP CRESTED

. .; i
w w I
~ ~ I2 to 1
.~ to 1

Slope of
down
stream

face

5 1i1i.,.. >
'2 to 1

2 to 1 I
1 ':-:;ce also Tuble 5~.

:! See ah~o Table 57

Slope of
upstream

face

TABLE 57,1-VALUES OF C IN THE FORMULA Q = CLHH FOR

:WEIRS OF TRAPEZOIDAL CROSS-SECTION WITH BOTH

FACES INCLINED. THIS TABLE INDICATES

THAT Y ALUES OF C INCREASE

SLIGHTLY FOR HEADS

ABOVE 1.5 FEET

TABLE 58.·~VALUESOF C IN THE FOR~!ULA Q = CLH32 ~'OR

. 'VEIRS O~' TRAPEZOIDAL CROSS-SECTIO:-l

WITH BOTH FACES

INCLI:-lED

Slope Slope of Width Head in feet, H
of up- down- of crest
stream stream in

0.21°.31°.41°.51°.610.71°.81°.911.0 11 . 2 11. 5face face feet

~ ..: I~ t

0·.66 2. 70!2.82!2.8913.02!3.13 3.)3.34!3.44 3.523.66/3.82

o ~ 0 ..,
::: > ::q >
It02 ftol
1 to 2 2 to 1 0.66 2.7I!2.79:2.83!2.92,3.03 3.14;3.27i3.32 3.38 3.50

1
3.61

1 to 2 3 to' 1 0.66 2.70;2.7612.80'2.91 :3.00:3.07,3.1413.21 3.273.373.45
1 to 2 4 to 1 0.66 2.71[;.74j2.84 2.8812.9813.06:3.1213.173.2113.2813.31;
1 to 2 5 to 1 0.66 2.71(.80,2.862.88,2.93;3.02:3.083.. 123.1713.2313.26
1 to 2 2 to 1 1.32 ... f.7I,2.77 2.80,2.8012.84,2.8812.93 2.98/3.08,3.22
1 t·" 2 4to 1 1.32 ... {76:2.80 2.82;2.82;2.85(2.88i2.91 2.94 3.01;3.10
1 to 2 6 to 1 1.32 ........ 12.7~ir.80:2.82i2.85i2.87:2.902.93 2.9813.08
2 to 1 2 to 1 0.67 2.82:2.94'3.04 3.133.20'3.263.32:3.38,3.433.51/3.61

'Ito 1 2 to 1 0.67 2.7312.862.923.023.1213.213.29;3.3613.423.53 3.65
1 to 3 2 to 1 0.67 12'5012'62:2.7~1~.87!2. 99!3.09:3.18/3.2713.34 3.46 3.55

Vertical 2 to I 0.67 2.552.582.6612.7712.9012.99 3.09j3 18,3.263.39/3.51
I I I I I I

0.21°.31°.41°.5\°.61°.71°.8\°.911.°11.2 11.5
Head in feet. II

...J.261: .201~. ::14::114.11 4.11 4.1~14.08 3.9~!3.75
3.8. 3. ~~ u. nj"_'.lIl3',,'9i3: 823.843.8" 3.853.8,,;3.84
..•. 3."" 3.523".'1813.4613.453.463.473.483.473.46
3.883.853.833.81 3.8113.833.863.873.873.87\3.87
3.823.81 3.77 3.773.783.823.833.843.84 3.84?84

1

3. 7~ 3.7113.683.6913.723.7313.73 3.74

1

3.74 3. ~313. 7~
3.6" 3.643.643.673.683.693.693.693.693.68;3.66
3.563.473.473.513.54 3.57 3.58 3.58 3.58 3.5913.57
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I
. .;

w w
o ":I1 >
1 to 1
2 to 1
3 to 1

. 2 to 1
2 to 1
2 to 1
2 to 1
2 to 1

. .;
w w
o ":I1 >.
1 to 1
1 to 1
1 to 1
2 to 1
1 to 1
1 to 2
1 to 3

Vertical

Slope ofISlope of
up- down-

str-eam stream
face face
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Slope of I Value II Slope of I Value II Slope of I Value
downstream of downstream of downstream of

face C face C' face C

Hor. Vert. Hor. Vert. Hor. Vert.
1 to 1 3.85 6 to 1 3.07 12 to I 2.86
2 to 1 3.54 7 to 1 3.02 14 to 1 2.80
3 to I' 3.35 8 to 1 2.98 16 to 1 2.76
4 to 1 3.21 9 to 1 2.94 18 to 1 2.72
5 to 1 3.13 10 to 1 2.92 20 to.! I 2.69



V3/
CURRENT DATE: 05-19-1998 FILE DATE: 05-15-1998

CURRENT TIME: 15:12:32 811SI'" 13 Oul/e.-I RC.B/MvV~~/::ViNAME: BBOUT~
o.oooooooooooooooooooooooooooooooooooooooooo~ooooooooooooooooooooo~oooooooo
o 0000000000000000000000 FHWA CULVERT ANALYSIS 00000000000000000000000000

00000000000000000000000000 HY-8, VERSION 3.2 00000000000000000000000000

£oooxooooooooooooooooooooooooooxoooooooooooooooooooooo0000000000000000000000000

~ C ~ SITE DATA ~ CULVERT SHAPE, MATERIAL, INLET ~
~ U +00000000000000000000000000100000000000000000000000000000000000000000000000.

~ L ~ INLET OUTLET CULVERT ~ BARRELS ~

~ V ~ ELEV. <.,~ff' ELEV. LENGTH ~ SHAPE SPAN RISE MANNING INLET ~

~ ~ (FT) ?;?f}/ (FT) (FT) ~ MATERIAL (FT) (FT) n TYPE ~
~ 1 ~1150.10 1146.00 52.16 ~ 3 RCB 10.00 4.00 .012 CONVENTIONAL~

~ 2 ~ ~ ~

~ 3 ~ ~ ~

~ 4 ~ ~ ~

~ 5 ~ ~ ~

~ 6 ~ ~ ~
_ooo±oooooooooooooooooooooooooo±ooooooooooooooooooooooooooooooooooooooooooooooo~

00000000000000000000000000000000000000000000000000000000000000000000000000000000

SUMMARY OF CULVERT FLOWS (CFS) FILE: BBOUT2 DATE: 05-15-1998

ELEV (FT) TOTAL 1 2 3 4 5 6 ROADWAY ITR
1150.10 a a a a a a a a 1
1151. 07 100 100 a a a a a a 1
1151.65 200 200 a a a a a a 1
1152.13 300 300 a a a a a a 1

.52.63 400 400 a a a a a a 1
53.09 500 500 a a a a a a 1

1153.54 600 600 a a a a a a 1
1153.98 700 700 a a a a a a 1
1154.42 800 800 a a a a a a 1
1154.88 900 900 a a a a a a 1
1155.35 ·1000 1000 a a a a a a 1
1158.00 1470 1470 a a a a a OVERTOPPING

00000000000000000000000000000000000000000000000000000000000000000000000000000000

00000000000000000000000000000000000000000000000000000000000000000000000000000000

SUMMARY OF ITERATIVE SOLUTION ERRORS FILE: BBOUT2 DATE: 05-15-1998

HEAD HEAD TOTAL FLOW % FLOW
ELEV(FT} ERROR (FT) FLOW (CFS) ERROR (CFS) ERROR

1150.10 0.00 a a 0.00
1151.07 0.00 100 a 0.00
1151.65 0.00 200 a 0.00
1152.13 0.00 300 a 0.00
1152.63 0.00 400 a 0.00
1153.09 0.00 500 a 0.00
1153.54 0.00 600 a 0.00
1153.98 0.00 700 a 0.00
1154.42 0.00 800 a 0.00
1154.88 0.00 900 a 0.00
1155.35 0.00 1000 a 0.00

~ooooooooooooooooooooooooooooooooooooooooooooooooooooo000000000000000000000000

<1> TOLERANCE (FT) = 0.010 <2> TOLERANCE (%) = 1.000
00000000000000000000000000000000000000000000000000000000000000000000000000000000



lJl3cJVT 2-
00000000000000000000000000000000066066600000000000000 0 00000000000000000000000000

0.0000000000000000000000 TAILWATER 00000000000000000000000000

o 00000000000000000000000000000000000000000000000000000000000000000000000000 00

******* REGULAR CHANNEL CROSS SECTION ****************
BOTTOM WIDTH (FT) 8.00
SIDE SLOPE H/V (X:1) 2.0
CHANNEL SLOPE V/H (FT/FT) 0.001
MANNING' S N (. 01- 0 . 1) 0 . 013
CHANNEL INVERT ELEVATION (FT) 1146.00
CULVERT NO.1 OUTLET INVERT ELEVATION 1146.00 FT

******* UNIFORM FLOW RATING CURVE FOR DOWNSTREAM CHANNEL

SHEAR
(PSF)
0.00
0.11
0.16
0.19
0.22
0.25
0.27
0.29
0.31
0.33
0.35

VEL.
(FPS)

0.00
4.29
5.21
5.81
6.28
6.66
6.98
7.27
7.52
7.76
7.97

FROUDE
NUMBER

0.000
0.540
0.547
0.551
0.554
0.557
0.559
0.561
0.562
0.564
0.565

W.S.E.
(FT)

1146.00
1147.96
1148.82
1149.46
1149.99
1150.45
1150.85
1151.22
1151.56
1151.88
1152.17

FLOW
(CFS)
0.00

100.00
200.00
300.00
400.00
500.00
600.00
700.00
800.00
900.00

1000.00

00000000000000000000000000000000000000000000000000000000000000000000000000000000•00000000000000000000000000 ROADWAY OVERTOPPING DATA ooooooqooooooooooooooooooo
00000000000000000000000000000000000000000000000000000000000000000000000000000000

ROADWAY SURFACE
EMBANKMENT TOP WIDTH (FT)
CREST LENGTH (FT)
OVERTOPPING CREST ELEVATION (FT)

PAVED
36.00
40.00

1158.00

00000000000000000000000000000000000000000000000000000000000000000000000000000000

•
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00000000000000000000000000000000000000000000000000000000000000000000000000000000

0!lt0ooooooooooooooooooooo CULVERT # 1 00000000000000000000000000

o 0000000000000000000000000000000000000000000000000000000000000000000000000000

PERFORMANCE CURVE FOR 3 BARREL(S)

Q HWE TWE ICH OCH FLOW CCE FCE TCE VO
(cfs) (ft) (ft) (ft) (ft) TYPE (ft) (ft) (ft) (fps)

0 1150.10 1146.00 0.00 -4.10 O-NF 0.00 1150.10 0.00 0.00
100 1151.07 1147.96 0.97 -1. 75 6-FF 0.00 0.00 0.00 11.75
200 1151.65 1148.82 1.55 -1.24 6-FF 0.00 0.00 0.00 15.57
300 1152.13 1149.46 2.03 -0.52 6-FF 0.00 0.00 0.00 16.69
400 1152.63 1149.99 2.53 0.11 6-FF 0.00 0.00 0.00 17.70
500 1153.09 1150.45 2.99 0.69 4-FF 0.00 0.00 0.00 4.17
600 1153.54 1150.85 3.44 1.26 4-FF 0.00 0.00 0.00 5.00
700 1153.98 1151.22 3.88 1.81 4-FF 0.00 0.00 0.00 5.83
800 1154.42 1151.56 4.32 2.37 4-FF 0.00 0.00 0.00 6.67
900 1154.88 1151.88 4.78 2.93 4-FF 0.00 0.00 0.00 7.50

1000 1155.35 1152.17 5.25 ' 3.50 4-FF 0.00 0.00 0.00 8.33

El. inlet face invert 1150.10 ft El. outlet invert 1146.00 ft
El. inlet throat invert 0.00 ft El. inlet crest 0.00 ft

00000000000000000000000000000000000000000000000000000000000000000000000000000000

*****

•
SITE DATA ***** CULVERT INVERT
INLET STATION (FT)
INLET ELEVATION (FT)
OUTLET STATION (FT)
OUTLET ELEVATION (FT)
NUMBER OF BARRELS
SLOPE (V-FT/H-FT)
CULVERT LENGTH ALONG SLOPE (FT)

**************
0.00

1150.10
52.00

1146.00
3.00
0.0788

52.16

***** CULVERT DATA SUMMARY
BARREL SHAPE
BARREL SPAN
BARREL RISE
BARREL MATERIAL
BARREL MANNING'S N
INLET TYPE
INLET EDGE AND WALL
INLET DEPRESSION

************************
BOX

10.00 FT
4.00 FT

CONCRETE
0.012
CONVENTIONAL
1:1 BEVEL (45 DEG. FLARE)
NONE

00000000000000000000000000000000000000000000000000000000000000000000000000000000

•



1/3

~ INLET OUTLET CULVERT ~ BARRELS ~
00 00

~ ELEV. ELEV. LENGTH ~ SHAPE SPAN RISE MANNING INLET ~00

~ (FT) (FT) (FT) ~ MATERIAL (FT) (FT) n TYPE ~
00 00

~1141.00 1140.00 90.01 ~o 2 RCB 8.00 8.00 .012 CONVENT IONAL%"o
~ !l- %"000

~ ~ ~

~ %"0 ~
00

~ ~ ~00

CURRENT DATE: 05-21-1998 FILE DATE: 05-20-1998
CURRENT TIME: 14: 18: 04 !?e.-B FILE N~: EQ-RCB

O.ooooooooooooooooooooooooo~too~~::oo~~fo~~oooOOOOOOOOOoooot:?ooooooooooooooo
o 0000000000000000000000 FHWA CULVERT ANALYSIS 00000000000000000000000000

00000000000000000000000000 BY-8, VERSION 3.2 00000000000000000000000000

ioooxooooooooooooooooooooooooooxoooooooooooooooooooooo0000000000000000000000000

~ C ~ SITE DATA ~ CULVERT SHAPE, MATERIAL, INLET ~
~ U +00000000000000000000000000100000000000000000000000000000000000000000000000.

~ L
~V

~

~ 1
%"0 2
~ 3
%"0 4
~ 5
%06%0 %0 %0
_ooo±oooooooooooooooooooooooooo±ooooooooooooooooooooooOOOOOOOOOOOOOOOOOOOOOOOOOR

00000000000000000000000000000000000000000000000000000000000000000000000000000000

FILE: EQ-RCB CULVERT HEADWATER ELEVATION (FT) DATE: 05-20-1998

DISCHARGE 1 2 3 4 5 6 ROADWAY
a 1150.00 0.00 0.00 0.00 0.00 0.00 1157.00

100 1150.01 0.00 0.00 0.00 0.00 0.00 1158.44
200 1150.05 0.00 0.00 0.00 0.00 0.00 1159.23
300 1150.11 0.00 0.00 0.00 0.00 0.00 1159.91

• 400 1150.20 0.00 0.00 0.00 0.00 0.00 1160.56
500 1150.32 0.00 0.00 0.00 0.00 0.00 1161.10
600 1150.46 0.00 0.00 0.00 0.00 0.00 1161.61
700 1150.63 0.00 0.00 0.00 0.00 0.00 1162.08
800 1150.82 0.00 0.00 0.00 0.00 0.00 1162.52
900* 1151. 04 0.00 0.00 0.00 0.00 0.00 1162.96

1000 1151. 28 0.00 0.00 0.00 0.00 0.00 1163.38
00000000000000000000000000000000000000000000000000000000000000000000000000000000

* Sl..e.. ~Ec..-I (NBS if i?l=f3Ay

Q ,nflovtl Ib [1> .5/15 .£yf. I-~ bf; /O{)() ci~ 4J/,ut Oullall /?C-15
Ixf(Y/S ~ coyrl>ol e ~ //5/.3.

IatluJal.A-, kt/LI tiL/<;{t-'uucllo £L e ~'//.;O
/

•



00000000000000000000000000000000000000000000000000000000000000000000000000000000

*****

•
SITE DATA ***** CULVERT INVERT
INLET STATION (FT)
INLET ELEVATION (FT)
OUTLET STATION (FT)
OUTLET ELEVATION (FT)
NUMBER OF BARRELS
SLOPE (V-FT/H-FT)
CULVERT LENGTH ALONG SLOPE (FT)

**************
0.00

1141. 00
90.00

1140.00
2.00
0.0111

90.01

***** CULVERT DATA SUMMARY
BARREL SHAPE
BARREL SPAN
BARREL RISE
BARREL MATERIAL
BARREL MANNING'S N
INLET TYPE
INLET EDGE AND WALL
INLET DEPRESSION

************************
BOX

8.00 FT
8.00 FT

CONCRETE
0.012
CONVENTIONAL
1:1 BEVEL (45 DEG. FLARE)
NONE

00000000000000000000000000000000000000000000000000000000000000000000000000000000

•



'b(J 8~5 l?~8
ooooooooooooooooooooooooooooooodoooooooooooooooooooooo00000000000000000000000000

o~ooooooooooooooooooooo TAILWATER 00000000000000000000000000

0"'0000000000000000000000000000000000000000000000000000000000000000000000000000

00000000000000000000000000000000000000000000000000000000000000000000000000000000

CONSTANT WATER SURFACE ELEVATION
1150.00

00000000000000000000000000ROADWAY OVERTOPPING DATA
00000000000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000 0

0000000000000000000000000000000000000000000000000000000000000000000000000000
0000

ROADWAY SURFACE
EMBANKMENT TOP WIDTH (FT)
CREST LENGTH (FT)
OVERTOPPING CREST ELEVATION (FT)

GRAVEL
20.00
20.00

1157.00

00000000000000000000000000000000000000000000000000000000000000000000000000000000

•

•



• HDR Computation

~V\kV\ ~c..e.. z..
Job No.: 00173-160-044

Project: 600-7-502
Subject: Det. Basin B

Task: Volume Cales

Computed: MLJ
Checked: to

Date: 5/18/98
Date: o//t:;/fo

Notes High Water Elevation Retention Storage Vol. Surface Area

[m] [ft] [m'\3] [ac-ft] [m"2] lac]

Top of Berm 352.65 1157.0 612002 496.2 93101 23.0

352.6 1156.8 607364 492.4 92417 22.8

352.4 1156.2 588949 477.5 91734 22.7

352.2 1155.5 570671 462.7 91050 22.5

I-!b1/L 352.0 1154.9 //54. Z; 552529 447.:L44-0 90366 22.3

-Weir Elev ., 351.8 1154.2 534639 433.4 '43 88532 21.9

351.6 1153.5//53 . 7 516916 419.1 ,l 88699 21.9.-
351.4 1152.9 499260 404.8 87865 21.7

351.2 1152.2 481770 390.6 87032 21.5

351.0 1151.6 464447 376.5 86198 21.3

• 350.8 1150.9 447289 362.6 85381 21.1

350.6 1150.3 430295 348.8 84564 20.9

350.4 1149.6 413463 335.2 83748 20.7

350.2 1149.0 396795 321.7 82931 20.5

350.0 1148.3 380291 308.3 82114 20.3

349.8 1147.6 363948 295.1 81313 20.1

349.6 1147.0 347766 281.9 80513 19.9

349.4 1146.3 331743 268.9 79712 19.7

349.2 1145.7 315881 256.1 78912 19.5

349.0 1145.0 300179 243.4 78111 19.3

348.8 1144.4 284635 230.8 77327 19.1

348.6 1143.7 269248 218.3 76543 18.9

348.4 1143.0 254018 205.9 75758 18.7

.348.2 1142.4" 238944 193.7 74974 18.5

348.0 1141.7 224028 181.6 74190 18.3

347.8 1141.1 209267 169.7 73422 18.1

347.6 1140.4 194659 157.8 72654 18.0

347.4 1139.8 180205 146.1 71885 17.8

347.2 1139.1 165905 134.5 71117 17.6

347.0 1138.5 151759 123.0 70349 17.4

346.8 1137.8 137764 111.7 69597 17.2

346.6 1137.1 123920 100.5 68845 17.0

346.4 1136.5 110226 89.4 68092 16.8

346.2 1135.8 96683 78.4 67340 16.6

• 346.0 1135.2 83290 67.5 66588 16.5

345.8 1134.5 70065 56.8 65666 16.2

345.6 1133.9 57024 46.2 64744 16.0



• 345.4 1133.2 44167 35.8 63822 15.8

345.2 1132.5 31495 25.5 62900 15.5

345.0 1131.9 19563 15.9 56414 13.9

344.8 1131.2 10071 8.2 38511 9.5

344.6 1130.6 3597 2.9 26225 6.5

344.4 1129.9 487 0.4 4874 1.2

Outlet Elev 344.2 1129.3 0 0.0 0 0.0

•

•



• HDR Computation

<;"tl/J lai/f Fha; e l
Job No.: 00173-160-044

Project: 600-7-502
Subject: Equal. Basin

Task: Volume Cales

Computed: MLJ
Checked: VY11

Date: 5/19/98
Date: 'fq/~g

Notes High Water Elevation Retention Storage Vol. Surface Area

[m] [ft] [m"3] [ac-ft] [m"2] lac]

Top of Berm 352.65 1157.0 60276 48.9 15926 3.9

352.6 1156.8 59480 48.2 15900 3.9

352.4 1156.2 56338 45.7 15525 3.8

352.2 1155.5 53270 43.2 15149 3.7

!tWL 352.0 1154.9 //54-. ;; 50278 40.8 39 14774 3.7
'-- 351.8 1154.2 47362 38.4 14387 3.6

351.6 1153.5 44523 36.1 14000 3.5

351.4 1152.9 41762 33.9 13613 3.4

351.2 1152.2 39078 31.7 13226 3.3

351.0 1151.6 36472 29.6 12839 3.2

350.8 1150.9 33941 27.5 12472 3.1

350.6
~~~~:~ //!,-o. /

314~!--.__2_5~ 25' 12105 3.0.n_-."'? 0;..< (...~ /__---:} _ t ------350.4 29099 23.6 11737 2.9

350.2 1149.0 26788 21.7 11370 2.8

350.0 1148.3 24551 19.9 11003 2.7

349.8 1147.6 22385 18.1 10656 2.6

349.6 1147.0 20288 16.4 10308 2.5

349.4 1146.3 18261 14.8 9961 2.5

349.2 1145.7 16304 13.2 9613 2.4

349.0 1145.0 14416 11.7 9266 2.3

348.8 1144.4 12596 10.2 8938 2.2

348.6 1143.7 10841 8.8 8610 2.1

348.4 1143.0 9152 7.4 8283 2.0

348.2 1142.4 7528 6.1 7955 2.0

348.0 1141.7 5970 4.8 7627 1.9

347.8 1141.1 4481 3.6 7256 1.8

347.6 1140.4 3067 2.5 6886 1.7

347.4 1139.8 1727 1.4 6515 1.6

347.2 1139.1 602 0.5 4738 1.2

Bottom 347.0 1138.5 0 0.0 1280 0.3

•



• HDR Computation
5w.1fa V1 r::1>tlst 7

Job No.: 00173-160-044

Project: 600-7-502
Subject: Box Culvert &

Forebay Channel
Task: Volume Cales

Box Culvert: Volume = (7)(10)(7)(230) =

Computed: MLJ
Checked: ~

112700 CF

Date: 5/19/98

Date: '5/1 tt/'It

Forebay: Volume = [(14)(8)+(14)(28)](630) = 317520 CF

Apron: Volume =[(10)(80)/2](200) = 80000 CF

•

•

TOTAL VOLUME =112700+31720+80000 = 510220 CF
= 11.71 ac-ft



OUTLET CULVERT ~o BARRELS
ELEV. LENGTH %0 SHAPE SPAN RISE MANNING

(FT) (FT) ~ MATERIAL (FT) (FT) n
00

1138.00 270.00 ~o 1 RCP 2.00 2.00 .012
%0
%0
~
00

%0
~
00

00000000000000000000000000000000000000000000000000000000000000000000000000000000

SUMMARY OF CULVERT FLOWS (CFS) FILE: BASINB24 DATE: 05-27-1998

ELEV (FT) TOTAL 1 2 3 4 5 6 ROADWAY ITR

1142.00 0 0 0 0 0 0 0 0 1

1142.03 2 2 0 0 0 0 0 0 1

1142.11 4 4 0 0 0 0 0 0 1

1142.25 6 6 0 0 0 0 0 0 1

.42.44 8 8 0 0 0 0 0 0 1

42.68 10 10 0 0 0 0 0 0 1

1142.98 12 12 0 0 0 0 0 0 1

1143.34 14 14 0 0 0 0 0 0 1

1143.75 16 16 0 0 0 0 0 0 1

1144.21 18 18 0 0 0 0 0 0 1

1144.73 20 20 0 0 0 0 0 0 1

1157.00 47 47 0 0 a 0 a OVERTOPPING
00000000000000000000000000000000000000000000000000000000000000000000000000000000

00000000000000000000000000000000000000000000000000000000000000000000000000000000

SUMMARY OF ITERATIVE SOLUTION ERRORS FILE: BASINB24 DATE: 05-27-1998

HEAD HEAD TOTAL FLOW % FLOW
ELEV (FT) ERROR (FT) FLOW (CFS) ERROR (CFS) ERROR

1142.00 0.00 0 0 0.00
1142.03 0.00 2 0 0.00
1142.11 0.00 4 0 0.00
1142.25 0.00 6 a 0.00
1142.44 0.00 8 0 0.00
1142.68 0.00 10 a 0.00
1142.98 0.00 12 0 0.00
1143.34 0.00 14 0 0.00
1143.75 0.00 16 0 0.00
1144.21 0.00 18 0 0.00

•

1144.73 0.00 . 20 0 0.00
00000000000000000000000000000000000000000000000000000000000000000000000000000

<1> TOLERANCE (FT) = 0.010 <2> TOLERANCE (%) = 1.000
00000000000000000000000000000000000000000000000000000000000000000000000000000000
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o~ooooooooooooooooooooo CULVERT # 1 00000000000000000000000000

00 000000000000000000000000000000:000000000000000000000000000000000000000000000

PERFORMANCE CURVE FOR 1 BARREL(S)

Q HWE TWE ICH OCH FLOW CCE FCE TCE VO

(cfs) (ft) (ft) (ft) (ft) TYPE (ft) (ft) (ft) (fps)

0 1142.00 1142.00 0.00 3.00 O-NF 0.00 1139.00 0.00 0.00

2 1142.03 1142.00 0.67 3.03 4-FF 0.00 0.00 0.00 0.64

4 1142.11 1142.00 0.97 3.11 4-FF 0.00 0.00 0.00 1.27

6 1142.25 1142.00 1.24 3.25 4-FF 0.00 0.00 0.00 1. 91

8 1142.44 1142.00 1.48 3.44 4-FF 0.00 0.00 0.00 2.55

10 1142.68 1142.00 1.70 3.68 4-FF 0.00 0.00 0.00 3.18

12 1142.98 1142.00 1.92 3.98 4-FF 0.00 0.00 0.00 3.82

14 1143.34 1142.00 2.14 4.34 4-FF 0.00 0.00 0.00 4.46

16 1143.75 1142.00 2.38 4.75 4-FF 0.00 0.00 0.00 5.09

18 1144.21 1142.00~ 2.64 5.21 4-FF 0.00 0.00 0.00 5.73

20 1144.73 1142.00 2.94 5.73 4-FF 0.00 0.00 0.00 6.37

El. inlet face invert 1139.00 ft El. outlet invert 1138.00 ft

El. inlet throat invert 0.00 ft El. inlet crest 0.00 ft

00000000000000000000000000000000000000000000000000000000000000000000000000000000

*******************

•
SITE DATA ***** CULVERT INVERT
INLET STATION (FT)
INLET ELEVATION (FT)
OUTLET STATION (FT)
OUTLET ELEVATION (FT)
NUMBER OF BARRELS
SLOPE (V-FT/H-FT)
CULVERT LENGTH ALONG SLOPE (FT)

0.00
1139.00

270.00
1138.00

1. 00
0.0037

270.00

***** CULVERT DATA SUMMARY ************************
BARREL SHAPE CIRCULAR
BARREL DIAMETER 2.00 FT
BARREL MATERIAL CONCRETE
BARREL MANNING'S N 0.012
INLET TYPE CONVENTIONAL
INLET EDGE AND WALL SQUARE EDGE WITH HEADWALL

INLET DEPRESSION NONE

00000000000000000000000000000000000000000000000000000000000000000000000000000000

•
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0.0000000000000000000000 TAlLWATER 00000000000000000000000000

00000000000000000000000000000000000000000000000000000000000000000000000000000

00000000000000000000000000000000000000000000000000000000000000000000000000000000

CONSTANT WATER SURFACE ELEVATION
1142.00

OOOOOOOOOOOOOOOOOOOOO?OOOOROADWAY OVERTOPPING DATA
00000000000000000000000000000000000000000000000000000000000000000000000000000000

00000000000000000000000000

00000000000000000000000000000000000000000000000000000000000000000000000000000000

ROADWAY SURFACE
EMBANKMENT TOP WIDTH (FT)
CREST LENGTH (FT)
OVERTOPPING CREST ELEVATION (FT)

GRAVEL
20.00

100.00
1157.00

00000000000000000000000000000000000000000000000000000000000000000000000000000000

•

•



OPTLET CULVERT %0 BARRELS
ELEV. LENGTH %0 SHAPE SPAN RISE MANNING

(FT) (FT) !l-o MATERIAL (FT) (FT) n
00

1120.00 600.04 !l-o 1 RCP 4.50 4.50 .012
00

%0
%0
!l-o
00

!l-o
00

%0

00000000000000000000000000000000000000000000000000000000000000000000000000000000

SUMMARY OF CULVERT FLOWS (CFS) FILE: BASINB54 DATE: 05-27-1998

ELEV (FT) TOTAL 1 2 3 4 5 6 ROADWAY ITR

1148.00 a a a a a a a a 1

1148.05 15 15 a a a a a a 1

1148.20 30 30 a a a a a a 1

1148.45 45 45 a a a a o. a 1

«48.80 60 60 a a a a a a 1

. 149.26 75 75 a a a a a a 1

1149.81 90 90 a a a a a a 1

1150.46 105 105 a a a a a a 1

1151.22 120 120 a a a a a a 1

1152.07 135 135 a a a a a a 1

1153.03 150 150 a a a a a a 1

1153.70 160 160 0 0 0 a 0 OVERTOPPING
00000000000000000000000000000000000000000000000000000000000000000000000000000000

DATE: 05-27-1998FILE: BASINB54SUMMARY OF ITERATIVE SOLUTION ERRORS

00000000000000000000000000000000000000000000000000000000000000000000000000000000

HEAD HEAD TOTAL FLOW % FLOW
ELEV (FT) ERROR (FT) FLOW (CFS) ERROR (CFS) ERROR

1148.00 0.00 0 0 0.00
1148.05 0.00 15 a 0.00
1148.20 0.00 30 0 0.00
1148.45 0.00 45 a 0.00
1148.80 0.00 60 0 0.00
1149.26 0.00 75 0 0.00
1149.81 0.00 90 0 0.00
1150.46 0.00 105 a 0.00
1151.22 0.00 120 0 0.00
1152.07 0.00 135 0 0.00

•

1153.03 0.00 150 0 0.00
. 00000000000000000000000000000000000000000000000000000000000000000000000000000

<1> TOLERANCE (FT) = 0.010 <2> TOLERANCE (%) = 1.000
00000000000000000000000000000000000000000000000000000000000000000000000000000000
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0.0000000000000000000000 CULVERT # 1 0000000000000000000000000
0

o 0000000000000000000000000000000000000000000000000000000000000000000000000000

PERFORMANCE CURVE FOR 1 BARREL(S)

Q
(cfs)

o
15
30
45
60
75
90

105
120
135
150

HWE
(ft)

1148.00
1148.05
1148.20
1148.45
1148.80
1149.26
1149.81
1150.46
1151.22
1152.07
1153.03

TWE
(ft)

1148.00
1148.00
1148.00
1148.00
1148.00
1148.00
1148.00
1148.00
1148.00
1148.00 *'
1148.00 .

ICH
(ft)
0.00
1.48
2.15
2.76
3.30
3.78
4.26
4.75
5.28
5.86
6.51

OCH
(ft)

21.00
21. 05
21.20
21.45
21.80
22.26
22.81
23.46
24.22
25.07
26.03

FLOW
TYPE
O-NF
4-FF
4-FF
4-FF
4-FF
4-FF
4-FF
4-FF
4-FF
4-FF
4-FF

CCE
(ft)
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

FCE
(ft)

1127.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

TCE
(ft)
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

VO
(fps)
0.00
0.94
1. 89
2.83
3.77
4.72
5.66
6.60
7.55
8.49
9.43

El. inlet face invert
El. inlet throat invert

1127.00 ft
0.00 ft

El. outlet invert
El. inlet crest

1120.00 ft
0.00 ft

00000000000000000000000000000000000000000000000000000000000000000000000000000000

*****

•
SITE DATA ***** CULVERT INVERT
INLET STATION (FT)
INLET ELEVATION (FT)
OUTLET STATION (FT)
OUTLET ELEVATION (FT)
NUMBER OF BARRELS
SLOPE (V-FT/H-FT)
CULVERT LENGTH ALONG SLOPE (FT)

**************
0.00

1127.00
600.00

1120.00
1. 00
0.0117

600.04

***** CULVERT DATA SUMMARY ************************
BARREL SHAPE CIRCULAR
BARREL DIAMETER 4.50 FT
BARREL MATERIAL CONCRETE
BARREL MANNING'S N 0.012
INLET TYPE CONVENTIONAL
INLET EDGE AND WALL SQUARE EDGE WITH HEADWALL
INLET DEPRESSION NONE

0000000000000000000000000000000000000000000000000000000000000000000000000000
0000
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0.0000000000000000000000 TAlLWATER 00000000000000000000000000

o 0000000000000000000000000000000000000000000000000000000000000000000000000000

00000000000000000000000000000000000000000000000000000000000000000000000000000000

CONSTANT WATER SURFACE ELEVATION
1148.00

000000000000000000000000000000000000000000000000000000000000000000000000000000
00

00000000000000000000000000 ROADWAY OVERTOPPING DATA 00000000000000000000000000

00000000000000000000000000000000000000000000000000000000000000000000000000000000

ROADWAY SURFACE
EMBANKMENT TOP WIDTH (FT)
CREST LENGTH (FT)
OVERTOPPING CREST ELEVATION (FT)

GRAVEL
20.00

100.00
1153.70

00000000000000000000000000000000000000000000000000000000000000000000000000000000

•

•



/3
CURRENT DATE: 06-11-1998 (D/~Jhavqe) FILE DATE: 5-26-98
CURRENT TIME: 11: 11: 08 II II I C _9 +( P. FILE mE: PSCOND

54 Qu-r l/1" ",naul tf"W\ .S. ~
0.00000000000000000000000000000000000000000000000000000000000 0000000000000000

00 0000000000000000000000 FHWA CULVERT ANALYSIS 00000000000000000000000000

00000000000000000000000000 HY-8, VERSION 3.2 00000000000000000000000000

£oooxooooooooooooooooooooooooooxoooooooooooooooooooooo0000000000000000000000000

~ C ~ SITE DATA ~ CULVERT SHAPE, MATERIAL, INLET £
~ U +00000000000000000000000000100000000000000000000000000000000000000000000000.

~ L ~ INLET OUTLET CULVERT ~ BARRELS ~

~ V ~ ELEV. ELEV. LENGTH ~ SHAPE SPAN RISE MANNING INLET ~

~ ~ (FT) (FT) (FT) ~ MATERIAL (FT) (FT) n TYPE ~

~ 1 ~1155.00 1146.00 1260.03 ~ 1 RCP 4.50 4.50 .012 CONVENTIONAL~

~ 2 ~ ~ ~

~ 3 ~ ~ ~

~ 4 ~ ~ ~

~ 5 ~ ~ ~

~ 6 ~ ~ ~
_ooo±oooooooooooooooooooooooooo±ooooooooooooooooooooooooooooooooooooooooooooooo~

00000000000000000000000000000000000000000000000000000000000000000000000000000000

SUMMARY OF CULVERT FLOWS (CFS) FILE: PSCOND DATE: 5-26-98

ELEV (FT) TOTAL 1 2 3 4 5 6 ROADWAY ITR
1155.00 0 0 0 0 0 0 0 0 1
1156.74 20 20 0 0 0 0 0 0 1
1157.57 40 40 0 0 0 0 0 0 1
1158.31 60 60 0 0 0 0 0 0 1

.58.95 80 80 0 0 0 0 0 0 1
59.59 100 100 0 0 0 0 0 0 1

1160.29 120 120 0 0 0 0 0 0 1
1161.08 140 140 0 0 0 0 0 0 1
1161.52 150 150 0 0 0 0 0 0 1
1163.05 180 180 0 0 0 0 0 0 1
1165.01 200 200 0 0 0 0 0 0 1
1166.00 206 206 0 0 0 0 0 OVERTOPPING

00000000000000000000000000000000000000000000000000000000000000000000000000000000

00000000000000000000000000000000000000000000000000000000000000000000000000000000

SUMMARY OF ITERATIVE SOLUTION ERRORS FILE: PSCOND DATE: 5-26-98

HEAD HEAD TOTAL FLOW % FLOW
ELEV(FT) ERROR (FT) FLOW (CFS) ERROR (CFS) ERROR

1155.00 0.00 0 0 0.00
1156.74 0.00 20 0 0.00
1157.57 0.00 40 0 0.00
1158.31 0.00 60 0 0.00
1158.95 0.00 80 0 0.00
1159.59 0.00 100 0 0.00
1160.29 0.00 120 0 0.00
1161.08 0.00 140 0 0.00
1161.52 0.00 150 0 0.00
1163.05 0.00 180 0 0.00

•

. 1165.01 0.00 200 0 0.00
00000000000000000000000000000000000000000000000000000000000000000000000000000

<1> TOLERANCE (FT) = 0.010 <2> TOLERANCE (%) = 1.000
00000000000000000000000000000000000000000000000000000000000000000000000000000000
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0jlt0ooooooooooooooooooooo CULVERT # 1 00000000000000000000000000

o 0000000000000000000000000000000000000000000000000000000000000000000000000000

PERFORMANCE CURVE FOR 1 BARREL(S)

Q HWE TWE ICH OCH FLOW CCE FCE TCE VO

(cfs) (ft) (ft) (ft) (ft) TYPE (ft) (ft) (ft) (fps)

0 1155.00 1146.00 0.00 -9.00 O-NF 0.00 1155.00 0.00 0.00

20 1156.74 1146.00 1.74 -5.97 6-FF 0.00 0.00 0.00 7.72

40 1157.57 1146.00 2.57 -5.25 6-FF 0.00 0.00 0.00 9.16

60 1158.31 1146.00 3.31 -4.31 6-FF 0.00 0.00 0.00 9.87

80 1158.95 1146.00 3.95 -3.09 6-FF 0.00 0.00 0.00 11. 03

100 1159.59 1146.00 4.59 -1.60 6-FF 0.00 0.00 0.00 11.64

120 1i60.29 1146.00 5.29 0.16 6-FF 0.00 0.00 0.00 12.14

140 1161.08 1146.00 6.08 2.20 6-FF 0.00 0.00 0.00 12.53

l.2Q 1161.52 1146.00 6.52 3.33 6-FF 0.00 0.00 0.00 12.60

180 1163.05 1146.00 8.05 7.11 6-FF 0.00 0.00 0.00 12.89

200 1165.01 1146.00 9.24 10.01 7-FF 0.00 0.00 0.00 13.32

El. inlet face invert 1155.00 ft El. outlet invert 1146.00 ft

El. inlet throat invert 0.00 ft El. inlet crest 0.00 ft

00000000000000000000000000000000000000000000000000000000000000000000000000000000

*******************

•
SITE DATA ***** CULVERT INVERT
INLET STATION (FT)
INLET ELEVATION (FT)
OUTLET STATION (FT)
OUTLET ELEVATION (FT)
NUMBER OF BARRELS
SLOPE (V-FT/H-FT)
CULVERT LENGTH ALONG SLOPE (FT)

0.00
1155.00
1260.00
1146.00

1. 00
0.0071

1260.03

***** CULVERT DATA SUMMARY ************************
BARREL SHAPE CIRCULAR
BARREL DIAMETER 4.50 FT
BARREL MATERIAL CONCRETE
BARREL MANNING'S N 0.012
INLET TYPE CONVENTIONAL
INLET EDGE AND WALL SQUARE EDGE WITH HEADWALL
INLET DEPRESSION NONE

00000000000000000000000000000000000000000000000000000000000000000000000000000000

•
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00000000000000000000000000000000000000000000000000000000000000000000000000000000

0.0000000000000000000000 TAlLWATER 00000000000000000000000000

o 0000000000000000000000000000000000000000000000000000000000000000000000000000

00000000000000000000000000000000000000000000000000000000000000000000000000000000

CONSTANT WATER SURFACE ELEVATION
1146.00

00000000000000000000000000000000000000000000000000000000000000000000000000000000

00000000000000000000000000 ROADWAY OVERTOPPING DATA 00000000000000000000000000

00000000000000000000000000000000000000000000000000000000000000000000000000000000

ROADWAY SURFACE
EMBANKMENT TOP WIDTH (FT)
CREST LENGTH (FT)
OVERTOPPING CREST ELEVATION (FT)

PAVED
50.00
40.00

1166.00

Sef .for of cl,"sc-ha1 e

lox {j!; / / t {p .I

00000000000000000000000000000000000000000000000000000000000000000000000000000000

•

•



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 1 DSS:WRITE STAGE FREQUENCY,
DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT INFILTRATION
KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM

05-26-1998 at 17:13:47

PAGE

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

FN: SVRD05-2.DAT May 1998 ADAPTED FROM SEVRDS.DAT (HDR 4/97)
This model has two revisions from the previous model.
1. Revised BASIN B and Outlet Channel routings to accomodate P-MIP

project overflows from the Gila Drain as described below.
2. ReVIsed Basin 15 from detention to retention so that flows will not

bvnassed to the SEVRDS Channel durina the event. See more below.•••*~~•••••••••••••••••••••••••••••••••*•••••••••••••••••••••••••••••*••
HISTORY THIS MODEL: This model is a modification of ALT2c.DAT
developed by HDR for the Alternative Study for SEVRDS by HDR in
June 1995. SMF48TH.DATCPRICE5) on the West side of 1-10 was included.
GILA1B.DATCGila Drain Floodway Model) was also included in this model. '
ALT2c was a composite of HEC1 models from Price GEC Gila Drain Alternati
Drainage Report~HDR,Feb 1993CPrice/Santan/Gila Drain GILADRY.DAT model),
South Mountain treeway Concept Drainage Report c HDR, Feb 1993,CSegment V
PRICE5.DAT model modified to SMF48th.DAT descrIbed oelow), and Gila
Drain Floodway Master Plan ReP-Ort, Feb 1993(GILA1B.DAT model). The
original model was developed for the Price Freeway drainage system as
reported in "Hydrology StUdy: Price Expressway", ADOT Contract 88-24,
Dec. 1989. The model criteria is provided in tnat report. The basic
model has not changed since 1989. The model continues to be the model
record because the model was used to design the upper part of the
SEVRDS/Santan Channel system on Price Freeway for the Galveston to Frye
Interim Project which included construction of Basin G and the outlet to
the Santan Channel.•••••••••••*••••••••••••*****************••***.******.*.**********.*.*.*
BASIN B DESIGN. Basin B was configured as a bypass basin in 1993. With
the formation of SEVRDS, the Basin was reconfIgured as a multi-celled
basin with first flush containment cell a treatment cell and a large
retention cell to capture flows above 860 cfs.C"Initial Drainage Report
Santan Freeway:56th St to Price Rd and Gila Drain Floodway to Basin B,"

10
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HEC-1 INPUT

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

Wood Patel &Assoc. c Sept. 12, 1996.)
HDR prepared a detaIled design of the Basin B complex in Feb. 1997.
The size of Basin B was increased from 385(9/96) to 450 af to limit bYl?a
flows to 900 cfs. This operation maximized the available storage on-sIte
and required moving the outlet channel to the west side of the Gi la
Drain. This most recent model further optimized stora~e on site in
in .Basin B to limit bypass flows to 800 cfs to allow GIla Drain
flows of up to 150 cfs to enter the outfall channel at the GRIC boundary

Basin B site has three basins: 1.First flush equalization/sedimentation
basin stores first 39 ac-ft of inflow into system. 2. A two-celled Watr
Quality Basin treats the first-flush post-event. This basin is not
included in the model. 3. An off-line retention basin, Basin B, has a
capacity of 450 ac-ft. Operation: The first flush is conveyed in the
Forebay Channel to Eq. Basin. Additional flow up to 804 cfs is bypassed
thru 3-10x4 control RCB to Outfall Chan. At about 600 cfs

6
flow begins

to spi II over Bas in B wei r. At 100-yr ~eak of -!69§. cfs t 8 4 cfs is
discharging to RCB and~cfs is overflOWing 1000' weIr into Basin B
*******1**1**********************************1**************************
SMF48th.DAT Model of the area west of 1-10 was significantly
changed in Feb. 1996 for the 48th St. ID study for Phoenix, including
the reconfiguration of Basin 15 as a retention basin as mentioned above.
A future connection of the 48th St,-Basin 15 to SEVRDS would be a pipe
to dewater Basin 15 post-event. Basin 15 will not increase design
discharge of the SEVRDS Channel during the event.

HEC-1 INPUT

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

ID **********************************************************************
ID
ID
ID .INITIAL ABSTRACTION USED TO REPRESENT DEVELOPMENT RETENTION PROVIDED
ID 100 YEAR - 24 HOUR STORM
ID HDR - PHOENIX
ID FILENAME: SVRD0598.DAT 10/97 Version
IT 5 1000
10 5
IN 12 310
*DIAGRAM

KK bash
KM OFFSITE INFLOW INTO BASIN H AT PRICE AND PECOS INTERCHANGE FROM E
BA 6.76
QI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
QI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
QI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
QI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
QI 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.04 0.10
QI 0.39 0.64 0.98 1.43 2.00 2.72 3.65 4.88 6.57
QI 17.35 40.17 84.15 157.71 255.02 413.77 498.78 738.94 766.73
QI 651.16 578.19 513.98 461.77 419.16 385.17 357.03 332.76 310.86
QI 273.04 257.39 243.47 230.94 219.41 208.60 198.28 188.77 180.16
QI 266.57 267.73 269.41 275.07 284.98 292.73 296.44 298.71 300.62
QI 305.48 308.84 312.78 317.34 322.46 327.76 332.81 337.94 343.13
QI 352.29 356.32 360.03 363.42 366.42 368.99 371.12 372.80 374.07
QI 375.45 375.48 374.63 372.22 368.09 362.92 357.28 351.35 345.22
QI 333.55 328.09 322.75 317.35 311.81 306;05 300;07 293.86 287.41
QI 273.87 266.79 259.39 251.92 244.89 238.17 231.52 225.00 218.58
QI 206.10 200.05 194.15 188.41 182.85 177.47 172.30 167.36 162.81
QI 156.68 155.31 154.12 152.82 151.49 150.11 148.70 147.25 145.78
QI 142.82 141.38 139.94 138.43 136.93 135.42 133.94 132.46 131.00
QI 128.13 126.72 125.34 123.98 122.65 121.34 120.07 118.96 118.33
QI 118.07 118.01 117.94 117.88 117.82 117.76 117.70 117.64 117.57
QI 117.44 117.38 117.32 117.25 117.19 117.12 117.05 116.99 116.92
QI 116.79 116.72 116.65 116.58 116.51 116.44 116.37 116.30 116.23
QI 116.09 116.02 115.95 115.88 115.81 115.74 115.67 115.60 115.53

ID
ID
ID
ID
ID
ID
ID
ID
ID
ID
ID
ID
ID
ID
ID
ID
ID
ID
ID
ID
ID
ID
ID
ID
ID

66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91

31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55

LINE

56
57
58
59
60
61
62
63
64
65

•
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III

92 QI 115.38 115.31 115.24 115.17 115.09 114.99 114.83 114.61 114.38 iii
93 QI 113.91 113.68 113.45 113.22 112.99 57.77 57.54 57.32 57.09 m
94 QI 56.65 56.43 56.21 55.99 55.77 55.56 55.34 55.12 54.91 iii
95 QI 54.49 54.28 54.07 53.86 53.65 53.44 53.24 53.03 52.83 !!!
96 QI 52.43 52.23 52.03 51.83 51.63 51.43 51.24 51.04 50.85 III

iii97 QI 50.45 50.24 50.02 49.79 49.55 49.31 49.06 48.80 48.54 m98 QI 48.00 47.72 47.44 47.16 46.88 46.59 46.30 46.01 45.73
* iii

99 IN 12 310 iii

100 KK CHNDLR III
101 KM Pumped outflow from Chandler Basins (Galveston, Arrowhead and Denv iii
102 BA 0.001 iii
103 QI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 iii
104 QI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 iii

iii105 QI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 m106 QI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 iiiHEC-1 INPUT PA~E! 3 i!!
LINE 10••.•••• 1. •••••• 2•••••••3••••••• 4••••••• 5••••••• 6.•••••• 7•••••••8•••••••9•••••• 10 iii

iii
107 QI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 iii

iii108 QI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 !Ii109 QI 0.00 0.00 0.00 0.00 0.00 100.0 100.0 100.0 100.0 iii110 QI 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100. m111 QI 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
!II112 QI 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

113 QI 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 !!i
iii114 QI 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 m115 QI 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

116 QI 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 !Ii
117 QI 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 iii
118 QI 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 III119 QI 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
120 QI 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 iii
121 QI 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 iii
122 QI 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 iii
123 QI 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 iii
124 QI 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 III

m125 QI 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 iii126 QI 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 m127 QI 100.0 100.0 100.0 100.0 100.0 0.00 0.00 0.00 0.00
128 QI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 iii
129 QI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 iii
130 QI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 iii
131 QI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 iii
132 QI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 iii

iii133 QI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 m* iii
134 KK cchand iii

iii135 KM Combine flow from regional basins with offsite flows at old basin m136 HC 2
* iii

137 IN 5 300 !I!
iii

138 KK interchange inflow iii
139 KM ONSITE DRAINAGE/STORAGE ANALYSIS -50 YEAR 24 HOUR STORM iii
140 KM USE OUTFLOW HYDROGRAPH FROM THE PRICE/SANTAN INTERCHANGE iii
141 BA 0.16 iii
142 QI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 iii
143 QI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
144 QI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
145 QI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
146 QI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
147 QI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
148 QI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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149
150
151
152
153
154
155
156
157
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QI 0.00 0.00 0.00 0.00 0.00 0.00 d.oo 0.00 0.00
QI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
QI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 O.
QI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 O.
QI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 O.
QI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 o.
QI 0.00 0.00 0.00 0.00 0.00 0.00 40.00 40.00 40.00 O.
QI 0.00 0.00 0.00 40.00 120.00 120.00 200.00 200.00 200.00 200.
QI 200.00 200.00 200.00 200.00 200.00 200.00 0.00 0.00 0.00 o.

HEC-l INPUT PAGE 4

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

158 QI 0.00 0.00 40.00 40.00 40.00 0.00 0.00 0.00 0.00 O.
159 QI 0.00 0.00 0.00 0.00 40.00 40.00 40.00 0.00 0.00 O.
160 QI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 O.
161 QI 40.00 40.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 O.
162 QI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 O.
163 QI 0.00 40.00 40.00 0.00 0.00 0.00 0.00 0.00 0.00 O.
164 QI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 O.
165 QI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 O.
166 QI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 O.
167 QI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 O.
168 QI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 O.
169 QI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 O.
170 QI 0.00 0.00 0.00 40.00 40.00 0.00 0.00 0.00 0.00 O.
171 QI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 o.

*
172
173
174
175

176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191.
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208

•

KK addTl
KM Combine onsite p.s. outflow to offsiterunoff from east
HC 2
IN 12 310

KK basg
KM INFLOW INTO PRICE BASIN G FROM EAST
BA 4.37
QI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 O.
QI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 O.
QI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 O.
QI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 O.
QI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 O.
QI 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.04 0.17 O.
QI 4.27 23.63 65.05 129.91 189.65 223.82 228.38 209.70 175.27 397.
QI 954.28 905.32 843.40 750.42 650.70 561.76 486.59 424.50 372.86 329.
QI 293.55 262.86 236.31 213.14 192.75 174.77 159.23 145.96 134.73 125.
QI 116.85 109.70 103.63 98.58 94.39 90.95 88.07 85.64 83.62 82.
QI 80.98 80.17 79.47 78.77 78.01 77.18 76.25 75.24 74.12 72. '
QI 71.75 70.55 69.36 68.18 67.03 65.90 64.80 63.73 62.69 61. '
QI 60.70 59.62 58.31 56.55 54.32 51.67 48.71 45.61 42.47 39.
QI 35.68 32.14 28.66 25.32 22.21 19.38 16.87 14.65 12.72 11.
QI 9.58 8.32 7.25 6.33 5.55 4.90 4.32 3.81 3.37 2.
QI 2.60 2.32 2.07 1.85 1.66 1.48 1.33 1.20 1.08 O.
QI 0.88 0.80 0.72 0.65 0.59 0.54 0.49 0.45 0.41 O.
QI 0.34 0.31 0.28 0.26 0.24 0.22 0.20 0.19 0.17 O.
QI 0.14 0.13 0.12 0.11 0.11 0.10 0.09 0.08 0.08 O.
QI 0.07 0.06 0.06 0.05 0.05 0.05 0.04 0.04 0.04 o.QI 0.03 0.03 0.03 0.03 0.02 0.02 0.02 0.02 0.02 o.
QI 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 o.
QI 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 O.
QI 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 O.
QI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 O.
QI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 O.QI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0_0 0.00 O.
QI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 O.QI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 O.
QI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 O.

!iiiiiiiiiiii!l!!!il!!!!!!!!i!m!!!!!m!j!!!iii!i~ijjii!iiiii!!!!!!!!!iiiiiiiii!iii!iiiii!!!!!!!!iiiiiiiiiiiiiiiiiiiiiiii!!ii!!iiHi!!m!mi!iiiiii!!!!!i!!!iiiiiiiiiii!!iiii!!!i!!i!!!m!!!!!i!!!!iimii!iHiiii!iHi!!!i!Hi

• •



PAGE 5

o.0.000.000.000.000.000.000.000.000.00

HEC-1 INPUT

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

KK rtbasg 90-inch to 96-inch basin G drain
RK 6301 .00060 .012 circ 7.5
*

QI
*

KK rbasg
KM ROUTE OFFSITE FLOW INTO FROM EAST OF REGIONAL BASIN G
KM 72 INCH GRAVITY LINE OUTFLOW TO Price/Pecos TI down WFR
RS 1 ELEV 0.0
SV 0.0 19.1 75.2 98.2 161.2
SE 1174 1176 1179 1180 1183
SQ 0.0 45 155 180 245
**

217
218

210
211
212
213
214
215
216

209

LINE
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iii
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iii

219
220
221
222

223
224
225
226
227
228
229

230
231
232

233
234
235

236
237
238
239
240
241

242
243
244
245

246
247
248
249
250
251
252

LINE

253

KK cinterchange
KM COMBINE ONSITE and offsite FLOWS TO TI and from Basin G.
KM Combined discharge to outfall to Santan collector channel to west.
HC 2

KK MCSWL2
KM CHANDLER - AGRICULTURAL (PART SECTION 36)
KM COMPUTE RUNOFF HYDROGRAPH FOR AGRICULTURAL AREA
PH 1 18.38 0.71 1.39 2.44 2.66 2.81 3.11 3.33 3.70
BA 0.1550
LS 1.5 83
UD 0.88

KK cbash
KM COMBINE BASIN H OUTFLOW WITH LOCAL DRAINAGE AREA
HC 2

KK RT1
KM ROUTE MCSWL2 HYDROGRAPH TO MCSWL3 CONFLUENCE
RK 1600 .00200 0.016 TRAP 0.0 25.0

KK MCSWL3
KM CHANDLER - AGRICULTURAL (PART SECTION 36)
KM COMPUTE RUNOFF HYDROGRAPH FOR AGRICULTURAL AREA
BA 0.1700
LS 1.5 83
UD 0.91

KK COMB1
KM COMBINE MCSWL3 - AT HALF-MILE POINT OF SECTION 36
KM THIS COMBINE FOR INFO. ONLY, SHOULD BE XX CFS AT THIS POINT
HC 2

KK SECT25
KM CHANDLER
KM COMPUTE RUNOFF FOR SECTION 25
PH 1 18.38 0.71 1.39 2.44 2.66 2.81 3.11 3.33 3.70
BA 1.00
LS 1.81 84
UD 0.91

HEC-1 INPUT PAGE 6

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

KK RT1
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!!!

254 ROUTE SECTION 25 HYDROGRAPH TO OUTLET-ACOLD) - SW CORNER SECT. 36 iiiKM iii255 RK 4400 0.0011 0.016 TRAP 0.0 25.0 iii
256 KK SECT36 m

iii257 KM CHANDLER
iii258 KM COMPUTE RUNOFF HYDROGRAPH FOR remainder of SECTION 36 iii259 KM This area reduced 0.32 to account for areas MCSLW2 and MCSLW3 areas
m260 KM calculated separately in original analysis - now included in flow logic.
iii261 BA 0.51 iii262 LS 1.95 84
m263 UD 0.94
iii

264 KK SECT36 iii
iii265 KM COMBINE RT1 - SECT36 HYDROGRAPHS TO GIVE HYDROGRAPH AT SW COR SECT. 36
!!!266 HC 3
iii267 IN 5 300
iii

268 KK mcclintock iii
iii269 KM ONSITE DRAINAGE/STORAGE ANALYSIS 50 YEAR 24 HOUR STORM
!!!270 KM USE PUMP STATION 'OUTFLOW' HYDROGRAPH FROM MCCLIN4.DAT ONSITE FILE
iii271 KM PUMP STATION DESIGN Q IS 200 CFS.
iii272 BA 0.11
iii273 QI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 !!!274 QI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 iii275 QI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 iii276 QI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 iii277 QI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 iii278 QI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 iii279 QI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 iii280 QI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 iii281 QI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 iii282 QI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 iii283 QI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 iii284 QI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 m285 QI 0.00 0.00 0.00 0.00 0.00 0.00 40.00 0.00 0.00 0.00 iii286 QI 0.00 0.00 0.00 0.00 40.00 0.00 0.00 0.00 0.00 0.00 iii287 QI 40.00 40.00 0.00 120.00 0.00 200.00 200.00 200.00 200.00 200.00 iii288 QI 200.00 200.00 0.00 0.00 120.00 0.00 0.00 0.00 40.00 0.00 iii289 QI 0.00 0.00 40.00 0.00 0.00 0.00 0.00 40.00 0.00 0.00 m290 QI 0.00 0.00 40.00 0.00 0.00 0.00 0.00 0.00 0.00 40.00 iii291 QI 0.00 0.00 0.00 0.00 0.00 40.00 0.00 0.00 0.00 0.00 iii292 QI 0.00 0.00 0.00 40.00 0.00 0.00 0.00 0.00 0.00 0.00 iii293 QI 0.00 0.00 40.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 iii294 QI 0.00 0.00 40.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 iii295 QI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 iii296 QI 40.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 !!!297 QI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 iii298 QI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 m299 QI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 40.00 0.00 iii300 QI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 iii301 QI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 iii302 QI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 iiiHEC-1 INPUT PAGE 7 iii

LINE ID ••••••• 1•••••••2•••••••3•••••••4•••••••5•••••••6•••••••7••••.••8••.••••9•••••• 10 !!!
iii
m

303 KK cmcln
304 HC 2

305 KK RT2536
306 KM ROUTE TO MID-SECTION POINT OF SECT. 35
307 RK 2600 .008 .016 TRAP 9.5 2
308 KK RUSWL1
309 KM CHANDLER - COMMERCIAL CPART SECTION 35)
310 KM COMPUTE RUNOFF HYDROGRAPH FOR COMMERCIAL AREA

• • •
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PAGE 8

25.00.0

84

RT5
ROUTE COMB2 HYDROGRAPH TO OUTLET

HEC-1 INPUT

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

KK COMB2
HC 3

KK
KM

KK RUSWL5
KM CHANDLER - OPEN FIELD (PART SECTION 34 AND 35)
KM COMPUTE RUNOFF HYDROGRAPH FOR OPEN FIELD
BA 0.0890
LS 1.00 83
UD 0.39

KK
KM
RK

RT4
ROUTE RUSWL5 HYDROGRAPH TO OUTLET

1000 .00330 0.016 TRAP

KK RUSWL6
KM CHANDLER - RESIDENTIAL - 0.16 (PART SECTION 34 AND 35)
KM COMPUTE RUNOFF HYDROGRAPH FOR RESIDENTIAL AREA
BA 0.1464
LS 2.9
UD 0.34

BA 0.2145
LS 3.0 92
UD 0.45

KK RT1
KM ROUTE RUSWL1 HYDROGRAPH TO RUSWL3 CONFLUENCE
RK 1200 .00330 0.016 TRAP 0.0 25.0

KK RUSWL2
KM CHANDLER - RESIDENTIAL - 0.16 (OLD) PART SECTION 35
KM COMPUTE RUNOFF HYDROGRAPH FOR RESIDENTIAL AREA
BA 0.0933
LS 2.9 84
UD 0.51

KK RT2
KM ROUTE RUSWL2 HYDROGRAPH TO RUSWL3 CONFLUENCE
RK 1800 .OQ330 0.016 TRAP 0.0 25.0

KK RUSWL3
KM CHANDLER - AGRICULTURAL (PART SECTION 35)
KM COMPUTE RUNOFF HYDROGRAPH FOR AGRICULTURAL AREA
BA 0.0990
LS 1.5 83
UD 0.57

KK. COMB1
HC 4

KK RT3
KM ROUTE COMB1 HYDROGRAPH TO SW COR. SECT. 35 (PLUS 1000 FT. WEST)
RK 3600 .00800 0.016 TRAP 9.5 2.0

KK RUSWL4
KM CHANDLER - RESIDENTIAL - 0.16 (PART SECTION 34 AND 35)
KM COMPUTE RUNOFF HYDROGRAPH FOR RESIDENTIAL AREA
BA .1638
LS 2.90 84
UD 0.48

343
344
345
346
347
348

349
350
351

352
353
354
355
356
357

358
359

360
361

311
312
313

314
315
316

317
318
319
320
321
322

323
324
325

326
327
328
329
330
331

332
333

334
335
336

337
338
339
340
341
342

LINE

71111I I
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PAGE 9

2.0

•

10

RT35
ROUTE TO BOTTOM OF SECTION 34

4000 .0013 .016 TRAP

HEC-1 INPUT

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

KK
KM
RK

KK SECT9
KM TEMPE (TO OLD OUTLET B)
KM COMPUTE RUNOFF FOR SECTION 9
BA 0.33
LS1.94 83
UD 0.44

KK SECT10 OUTLET 3
KM TEMPE
KM COMPUTE RUNOFF HYDROGRAPH FOR SECTION 10 - OUTLET 3
BA 0.03
LS 1.50 83
UD 0.92

KK SECT10 OUTLET 2
KM TEMPE
KM COMPUTE RUNOFF HYDROGRAPH FOR SECTION 10 - OUTLET 2
BA 0.19
LS 2.25 88
UD 0.53

KK RT1
KM ROUTE SECTION 10 OUTLET 2 HYDROGRAPH TO KYRENE/ELLIOT INTERSECTION
RK 2100 0.0010 0.016 TRAP 0.0 25.0

KK COMB1
KM COMBINE SECT9 * SECT10-3 * RT1 TO GIVE HYDROGRAPH AT KYRENE/ELLIOT
HC 3

KK RT2
KM ROUTE COMB1 HYDROGRAPH TO KYRENE/WARNER INTERSECTION
RK 5280 0.0004 0.016 TRAP 0.0 25.0

RK 1400 .00330 0.016 TRAP 0.0 25.0

KK RUSWL7
KM CHANDLER - RESIDENTIAL - 0.16 (PART SECTION 34 AND 35)
KM COMPUTE RUNOFF HYDROGRAPH FOR RESIDENTIAL AREA
BA .1281
LS 2.90 84
UD 0.34

KK RUSWL8
KM CHANDLER - PARK/SCHOOL (PART SECTION 34 AND 35)
KM COMPUTE RUNOFF HYDROGRAPH FOR PARK/SCHOOL
BA 0.0628
LS 0 64
UD 0.22

KK .RUSIoIL9
KM CHANDLER - AGRICULTURAL (PART SECTION 34 AND 35)
KM COMPUTE RUNOFF HYDROGRAPH FOR AGRICULTURAL AREA
BA 0.0961
LS 1.5 83
UD 0.23

KK 510134
HC 5

383
384
385

386
387
388
389
390
391

392
393
394
395
396
397

398
399
400
401
402
403

404
405
406

407
408
409

410
411
412

362

363
364
365
366
367
368

369
370
371
372
373
374

375
376
377
378
379
380

381
382

LINE
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413
414
415
416
417
418

419
420
421
422
423
424

LINE

425
426
427

428
429
430

431
432
433
434
435
436

437
438
439
440
441
442

443
444
445

446
447
448

449
450
451
452
453
454

455
456
457

458
459
460
461
462
463

464

KK SECT16 OUTLET 1
KM TEMPE
KM COMPUTE RUNOFF HYDROGRAPH FOR SECTION 16 - OUTLET 1
BA 0.14
LS 1.54 83
UD 0.41

KK SECT15 OUTLET 2
KM TEMPE
KM COMPUTE RUNOFF HYDROGRAPH FOR SECTION 15 - OUTLET 2
BA 0.31
LS 1.45 83
UD 0.98

HEC-1 INPUT

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

KK COMB2
KM COMBINE RT2 * SECT16-1 * SECT15-2 TO GIVE HYDROGRAPH AT KYRENE/WARNER
HC 3

KK RT3
KM ROUTE COMB2 HYDROGRAPH TO KYRENE/RAY INTERSECTION
RK 5280 0.0020 0.016 TRAP 0.0 25.0

KK SECT21 OUTLET 1
KM TEMPE
KM COMPUTE RUNOFF HYDROGRAPH FOR SECTION 21 - OUTLET 1
BA 0.42
LS 1.41 83
UD 0.61

KK SECT22 OUTLET 1
KM TEMPE
KM COMPUTE RUNOFF HYDROGRAPH FOR SECTION 22 - OUTLET 1
BA 0.82
LS 2.26 83
UD 0.38

KK COMB3
KM COMBINE RT3 * SECT21-1 * SECT22-1 TO GIVE HYDROGRAPH AT KYRENE/RAY
HC 3

KK RT4
KM ROUTE COMB3 HYDROGRAPH TO KYRENE/CHANDLER INTERSECTION
RK 5280 0.0019 0.016 TRAP 0.0 25.0

KK SECT12
KM TEMPE
KM COMPUTE RUNOFF HYDROGRAPH FOR SECTION 12
BA 0.50
LS 3.00 83
UD 0.58

KK RT5
KM ROUTE SECT12 HYDROGRAPH TO SECT11 CONFLUENCE
RK 2600 0.0006 0.016 TRAP 0.0 25.0

KK SECT11
KM TEMPE
KM COMPUTE RUNOFF HYDROGRAPH FOR SECTION 11
BA 0.51
LS 2.41 86
UD 0.71

KK COMB4

PAGE 10
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465
466

LINE

467
468
469

470
471
472
473
474
475

476
477
478

479
480
481

482
483
484
485
486
487

488
489
490

491
492
493
494
495
496

497
498
499
500
501
502

503
504
505
506

LINE

507
508
509

510
511
512

•

KM COMBINE SECT12 * SECT11 HYDROGRAPHS
HC 2

HEC-1 INPUT

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

KK RT6
KM ROUTE COMB4 HYDROGRAPH TO RURAL/ELLIOT INTERSECTION
RK 2600 0.0006 0.016 TRAP 0.0 25.0

KK SECT10 OUTLET 1
KM TEMPE
KM COMPUTE RUNOFF HYDROGRAPH FOR SECTION 10 - OUTLET 1
BA 0.50
LS 2.41 84
UD 0.36

KK COMB5
KM COMBINE SECT10-1 * RT6 HYDROGRAPHS
HC 2

KK RT7
KM ROUTE COMB5 HYDROGRAPH TO RURAL/WARNER INTERSECTION
RK 5280 0.0006 0.016 TRAP 0.0 25.0

KK SECT13
KM TEMPE
KM COMPUTE RUNOFF HYDROGRAPH FOR SECTION 13
BA 1.00
LS 2.72 88
UD 0.32

KK RT8
KM ROUTE SECT13 HYDROGRAPH TO RURAL/WARNER INTERSECTION
RK 5280 0.0009 0.016 TRAP 0.0 25.0

KK SECT14
KM TEMPE
KM COMPUTE RUNOFF HYDROGRAPH FOR SECTION 14
BA 1.00
LS 2.83 75.7
UD 0.75

KK SECT15 OUTLET
KM TEMPE
KM COMPUTE RUNOFF HYDROGRAPH FOR SECTION 15 - OUTLET 1
BA 0.69
LS 2.18 81
UD 0.82

KK COMB6
KM COMBINE RT7 * RT8 * SECT14 * SECT15-1 TO GIVE HYDROGRAPH AT
KM RURAL/CHANDLER INTERSECTION
HC 4

HEC·1 INPUT

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

KK RT9
KM ROUTE COMB6 HYDROGRAPH TO RURAL/CHANDLER INTERSECTION
RK 5280 0.0006 0.016 TRAP 0.0 25.0

KK SECT24
KM TEMPE
KM COMPUTE RUNOFF HYDROGRAPH FOR SECTION 24

•
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PAGE 13

88

COMB9
COMBINE SECT27 * RT13 * RT12 * RT4 TO GIVE HYDROGRAPH AT
KYRENE/CHANDLER INTERSECTION

KK RT12
KM ROUTE COMB8 HYDROGRAPH TO KYRENE/CHANDLER INTERSECTION
RK 5280 0.0009 0.016 TRAP 0.0 25.0

KK SECT28 OUTLET 1
KM CHANDLER
KM COMPUTE RUNOFF HYDROGRAPH FOR SECTION 28 - OUTLET 1
BA 0.69
LS 2.51 85
UD 0.35

KK SECT27
KM CHANDLER
KM COMPUTE RUNOFF HYDROGRAPH FOR SECTION 27
BA 1.00
LS 2.18
UD 1.38

KK
KM
KM

HEC-1 INPUT

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

BA 1.00
LS 2.77 83
UD 0.60

KK RT10
KM ROUTE SECT24 HYDROGRAPH TO SECT23 CONFLUENCE
RK 5280 0.0011 0.016 TRAP 0.0 25.0

KK SECT23
KM TEMPE
KM COMPUTE RUNOFF HYDROGRAPH FOR SECTION 23
BA 1.00
LS 2.97 83
UD 0.78

KK SECT22 OUTLET 2
KM TEMPE
KM COMPUTE RUNOFF HYDROGRAPH FOR SECTION 22 - OUTLET 2
BA 0.13
LS 1.45 83
UD 0.33

KK COMB7
KM COMBINE RT9 * RT10 * SECT22-2 * SECT23 TO GIVE HYDROGRAPH AT
KM RURAL/RAY INTERSECTION
HC 4

KK RT11
KM ROUTE COMB7 HYDROGRAPH TO RURAL/CHANDLER INTERSECTION
RK 5280 0.0009 0.016 TRAP 0.0 25.0

KK SECT26
KM CHANDLER
KM COMPUTE RUNOFF HYDROGRAPH FOR SECTION 26
BA 1.00
LS 1.82 85
UD 0.96

KK COMB8
KM COMBINE RT11 * SECT26
HC 2

547
548
549

550
551
552
553
554
555

556
557
558
559
560
561

562
563
564

513
514
515

516
517
518

519
520
521
522
523
524

525
526
527
528
529
530

531
532
533
534

535
536
537

538
539
540
541
542
543

544
545
546

LINE

I I~
ill

ill
ill

iii
ffi

ill
ill

ffi

ill
ill

ffi

iii
ill
ill

ill
ffi

ill

ill

ill

ill
ill

ffi

ill

ill

ill

ill

ill
ill

ffi

ill
ill

ill
ffi
ill

ffi

m
ill
ill
ill
ill
ill
ill

ill
ill

ill
ill
ill
ill
ffi

ill

ill
ill
ffi

ill
ill
ill
ill
illm
ill
ill

iii
ill
ili
ffi

ill

ill

ill



•

05-26-1998 at 17:13:47

o.
O.
O.
O.
O.
o.
o
O.
o.
O.
O.
1

2.
6•.

188.
14.
7.
5.
4.
3.
2.
2.
1.
1.
1.
1.
o.
o.
o.
O.

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
1.0

2.00
5.00

216.00
17.00
8.00
5.00
4.00
3.00
3.00
2.00
1.00
1.00
1.00
1.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
1.0

2.00
5.00

209.00
20.00
8.00
5.00
4.00
3.00
3.00
2.00
1.00
1.00
1.00
1.00
1.00
0.00
0.00
0.00

•

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
2.00
4.00

159.00
26.00
8.00
6.00
4.00
3.00
3.00
2.00
1.00
1.00
1.00
1.00
1.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
1.00
4.00

94.00
35.00
9.00
6.00
4.00
3.00
3.00
2.00
1.00
1.00
1.00
1.00
1.00
0.00
0.00
0.00

86

HC 4

KK RT13
KM ROUTE COMB9HYDROGRAPH TO KYRENE/SOUTHWEST LOOP INTERSECTION
RK 4000 0.0006 0.016 TRAP 0.0 25.0

KK SECT34
KM CHANDLER
KM COMPUTE RUNOFF HYDROGRAPH FOR SECTION 34
BA 0.67
LS 2.04 83
UD 1.05

KK COMBB
KM COMBINE HYDROGRAPHS AT SW CORNER SECTION 34 (INCL. 35,36,25)
HC 3

KK SECT33 OUTLET 2
KM CHANDLER
KM COMPUTE RUNOFF HYDROGRAPH FOR SECTION 33 - OUTLET 2
BA 0.26
LS 1.53
UD 0.54
** IN 5 300
* ***************************************************************************
* Note: Kyrene pu~ Station removed from routing. Pump Station pumps

: *******~i~:;;l~*;~*~~~:*i~:;i~~*~:~i~**************************************
* KKlcyrene
* KM ONSITE DRAINAGE/STORAGE ANALYSIS 50 YEAR 24 HOUR STORM
* KM USE PUMP STATION 'INFLOW' HYDROGRAPH FROM KYRENE2.DAT ONSITE FILE
* KM PUMP STATION DESIGN Q IS 200 CFS.
* BA 0.11
* QI 0.00 0.00 0.00 0.00 0.00
* QI 0.00 0.00 0.00 0.00 0.00
* QI 0.00 0.00 0.00 0.00 0.00
* QI 0.00 0.00 0.00 0.00 0.00
* QI 0.00 0.00 0.00 0.00 0.00
* QI 0.00 0.00 0.00 0.00 0.00
* QI 0.00 0.00 0.00 0.00 0.00
* QI 0.00 0.00 0.00 0.00 0.00
* QI 0.00 0.00 0.00 0.00 0.00
* QI 0.00 0.00 0.00 0.00 0.00
* QI 0.00 0.00 0.00 0.00 0.00
* QI 0.00 0.00 0.00 0.00 0.00
* QI 1.00 1.00 1.00 1.00 1.00
* QI 2.00 3.00 3.00 3.00 4.00
* QI 9.00 14.00 22.00 34.00 54.00
* Q1150.00 116.00 88.00 65.00 47.00
* QI 12.00 11.00 11.00 10.00 9.00
* QI 7.00 7.00 6.00 6.00 6.00
* QI 5.00 5.00 5.00 5.00 4.00
* QI 3.00 3.00 3.00 3.00 3.00
* QI 3.00 3.00 3.00 3.00 3.00
* QI 2.00 2.00 2.00 2.00 2.00
* QI 2.00 1.00 1.00 1.00 1.00
*QI 1.00 1.001.00 1.00 1.00
* QI 1.00 1.00 1.00 1.00 1.00
* QI 1.00 1.00 1.00 1.00 1.00
* QI 1.00 1.00 1.00 1.00 1.00
* QI 0.00 0.00 0.00 0.00 0.00
* QI 0.00 0.00 0.00 0.00 0.00
* QI 0.00 0.00 0.00 0.00 0.00
** KK clcyre
* HC 2

565

566
567
568

569
570
571
572
573
574

575
576
577

578
579
580
581
582
583
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PAGE 14

: PAGE 15HEC-1 INPUT

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

HEC-1 INPUT

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

*

KK COMBB
KM COMBINE HYDROGRAPHS AT BASIN B FROM AREAS TO THE EAST
HC 2

KK SECT16 OUTLET 3
KM TEMPE
KM COMPUTE RUNOFF HYDROGRAPH FOR SECTION 16 - OUTLET 3
BA 0.23
LS 3.00 88
UD 0.39

KK RT1
KM ROUTE SECTION 16 OUTLET 3 HYDROGRAPH TO 56TH/RAY INTERSECTION
RK 5280 0.0010 0.016 TRAP 0.0 25.0

KK SECT20
KM TEMPE
KM COMPUTE RUNOFF HYDROGRAPH FOR SECTION 20
BA 0.29
LS 1.10 83
UD 0.28

KK COMB1
KM COMBINE SECT10 * RT1 TO GIVE HYDROGRAPH AT 56TH/RAY INTERSECTION
HC 2

KK RT2
KM ROUTE COMB1 HYDROGRAPH TO 56TH/CHANDLER INTERSECTION
RK 5280 0.0010 0.016 TRAP 0.0 25.0

KK SECT29
KM CHANDLER
KM COMPUTE RUNOFF HYDROGRAPH FOR SECTION 29
BA 0.50
LS 2.12 85
UD 0.62

KK COMB2
KM COMBINE SECT29 * RT2 TO GIVE HYDROGRAPH AT 56TH/CHANDLER INTERSECTION
HC 2

KK RT3
KM ROUTE COMB2 HYDROGRAPH TO OUTLET-C AT 56TH/SOUTHWEST LOOP INTERSECTION
RK 3600 0.0010 0.016 TRAP 0.0 25.0

KK SECT16 OUTLET 2
KM TEMPE
KM COMPUTE RUNOFF HYDROGRAPH FOR SECTION 16 - OUTLET 2
BA 0.50
LS 1.52 83
UD 0.54

584
585
586

587
588
589
590
591
592

593
594
595

596
597
598
599
600
601

602
603
604

605
606
607

608
609
610
611
612
613

614
615
616

617
618
619

620
621
622
623
624
625

LINE

LINE
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628

629

KK RT4
KM ROUTE SECT16 - OUTLET 2 HYDROGRAPH TO RAY/SO.PAC RR INTERSECTION
RK 5400 0.0010 0.016 TRAP 0.0 25.0

KK SECT21 OUTLET 2
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630
631
632
633
634

635
636
637

638
639
640

641
642
643
644
645
646

647
648
649

650
651
652

653
654
655
656
657
658

659
660
661
662

663
664
665
666
667
668

LINE

669
670
671

672
673
674
675

•

KM TEMPE
KM COMPUTE RUNOFF HYDROGRAPH FOR SECTION 21 - OUTLET 2
BA 0.59
LS 1.60 83
UD 0.60

KK COMB3
KM COMBINE SECT21-2 * RT4 * HYDROGRAPHS AT RAY/SO. PAC. RR INTERSECTION
HC 2

KK RT5
KM ROUTE COMB3 HYDROGRAPH TO CHANDLER/SO. PAC. RR INTERSECTION
RK 5500 0.0010 0.016 TRAP 0.0 25.0

KK SECT28 OUTLET 2
KM CHANDLER
KM COMPUTE RUNOFF HYDROGRAPH FOR SECTION 28 - OUTLET 2
BA 0.30
LS 1.97 85
UD 0.58

KK COMB4
KM COMBINE SECT28-2 * RT5 HYDROGRAPHS AT CHANDLER/SO.PAC. RR INTERSECTION
HC 2

KK RT6
KM ROUTE COMB4 HYDROGRAPH TO SOUTHYEST LOOP/SO. PAC. RR INTERSECTION
RK 3700 0.0010 0.016 TRAP 0.0 25.0

KK SECT32
KM CHANDLER
KM COMPUTE RUNOFF HYDROGRAPH FOR SECTION 32
BA 0.33
LS 1.50 83
UD 0.60

KK ounTC
KM COMBINE RT6 * SECT32 * RT3 TO GIVE HYDOGRAPH AT OUTLET-C AT
KM SOUTHYEST lOOP/SO.PAC. RR INTERSECTION
HC 3

KK SECT33 OUTLET 1
KM CHANDLER
KM COMPUTE RUNOFF HYDROGRAPH FOR SECTION 33 - OUTLET 1
BA 0.53
LS 2.22 82
UD 0.18

HEC-1 INPUT

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

KK WCHAN
KM COMBINE SECT33-1 AND OLD OUTLET C AREA
HC 2
*
*
*
KK INBB
KM COMBINE ALL HYDROGRAPHS INFLOW TO BASIN B FORE BAY
KO 2
HC 2
*
** *****HDR DESIGN STUDY FOR PHASE 2/3 SAN TAN CHANNEL DESIGN MAY 1998
* *****DIVERT EXCESS FLOY TO OUTFALL CHANNEL THROUGH 3-10X4 RCB

•
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3194
818

the peak

2705
796

2261
774

2.0

1858
751

1497
728

1188
705

934
682

748
659

flow using diversion spreadsheet rating for wier and RCB.

o
440

1154.5
0.01

636
636

STOR 0
3 34 35 36 38 44 47 51

1150.1 1151.00 1151.3 1152.13 1153.09 1153.7 1154.0 1154.5
o 0 139 300 500 636 1497 3194

Route Basin B TO VERIFY hwl. Note: the hwl occurs 12 hours after
when the RCB outflow level is below the wier level.
Therefore, Basin B hwl cannot exceed Forebay max level(RFBAY)
2
1 STORo 424

1130 1153.7
o 0.01

RESERVOIR ROUTING FOR FOREBAY AND EQUAL BASIN
EQUAL BASIN STORAGE 39 AC-FT AND FOREBAY STORAGE 12 AC-FT a 1154.5
BASIN B WEIR L=1000' a EL 1153.7
OUTFALL CHANNEL RCB 3-10X4 a EL 1150.1 BEGINS CONTROL a 1151.3(APPROX)
OUTFALL CHANNEL INLET a EL 1151.0 CONTROLS TO ELEV 1151.3(APPROX)
TARGET MAX HWL a 1154.5

2
1
o

1141
o

Rtgila
Route thru improved Gila Drain to 56th St.

3000 .0008 .018 TRAP 8

450
1155
0.01

HEC-1 INPUT

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

KK
KM
RD
** ****************************************************************************
* ****************************************************************************
* BASIN GilaA REVISED BY HDR, JULY, 1997. SPLIT INTO TWO BASINS.
* BASIN GilaAe is east of 56th Str. and west of Gila Drain.
* BASIN GilaAw is west of 56th Str. and east of 1-10
* ****************************************************************************
* ****************************************************************************
* ORIGINAL BASIN GILAA CARD KEPT FOR RECORD PURPOSES ONLY.

KK OUTFL
KM Combine 0 outflow from Basin B with RCB flow(Outfall channel hydrograph)
KO 3
HC 2
*
*

KK RBAS
KM
KM
KM
KO
RS
SV
SE
SQ
*

* *****BASIN B RATING CURVE UPDATED 5/18/98 BY HDR
*

KK RRCB
KM Retrieve 3-10x4 diverted flow.
KO 2
DR RCB
*

KK RFBAY
KM
KM
KM
KM
KM
KM
KO
RS
SV
SE
SQ
*
*
KK DIVERT
KM
KO
DT
01
DQ
*
*

711
712
713

707
708
709
710

703
704
705
706

688
689
690
691
692
693

676
677
678
679
680
681
682
683
684
685
686
687

694
695
696
697
698
699
700
701
702

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

737 LS .25 98
738 UD .252

739 KK RtC1
740 KM Route M1 flow to split
741 RS 1 FLOW -1
742 RC 0.035 0.035 0.035 2300 0.02
743 RX 3 4 5 20 45 55 65 66
744 RY 4.5 4.4 4.3 1.0 100 2.0 5.0 5.1

745 KK M2
746 KM Mountain Area 2
747 BA .200

748
* IA = 0.25 as per Maricopa Drainage Design Manual (Vol. 1) Table 4.1
LS .25 98

749 UD .190

750 KK RtC2
751 KM Route M2 flow to split
752 RS 1 FLOW -1
753 RC 0.035 0.035 0.035 900 0.02
754 RX 3 4 5 20 25 35 45 46
755 RY 4.5 4.4 4.3 100 100 2.0 5.0 5.1

756 KK A1
757 KM Developed Area
758 BA .041
759 LS 80
760 UD .169

761 KK COMB1
762 KM Combine flows
763 HC 3

764 KK Spl t1
765 KM Channel splits (divert flow out of model)
766 DT Spl t1
767 01 o 50 100 150 200 250 500
768 DQ 0 30 60 90 120 150 300

769 KK RtC3
770 KM Route flows from split to next tributary
771 RS 1 FLOW -1
772 RC 0.035 0.035 0.035 600 0.02

KK M1
KM Mountain Area 1
* PH CARD NOT USED
* 0 0.77 1050 2.64 2.89 3.06 3.37 3.68 4.00
* IN 15
* PB 3.36
* PC 0 .0126 .0217 .0328 .0451 .0555 .0672 .0788 .0898 .10
* PC .1146 .1303 .1536 .1984 .2856 .4657 .6832 .8178 .8823 .9
* PC .9431 .9576 .9717 .9862 1
* BA .280
* IA = 0.25 as per Maricopa Drainave Design Manual (Vol. 1) Table 4.1

PAGE 19HEC- INPUT

* THESE CARDS RETAINED FOR RECORD PURPOSES ONLY
* *******************************************************************
* CURRENT STUDY WILL USE ADOT 100-YR 24-HR RAINFALL TO COORDINATE WITH
* COMBINED FLOWS AT SAN TAN CHANNEL.
* ***********************************************************************
* ************************************************************************
* *************************************************************************
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736
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PAGE 20

96
5.1

56
5.1

96
5.1

95
5.0

55
5.0

95
5.0

85
2.0

85
2.0

tributary to weir of detention basin

75
1.0

0.02
75

1.0

20
1.0

1500
20

1.0

5
4.3

4
4.4

3
4.5

RtC5
Route combined flows from convergence of

1 FLOW -1
0.035 0.035 0.035
345

4.5 4.4 4.3

•
HEC-1 INPUT

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

KK M4
KM Mountain Area 4
BA .380
* IA =0.25 as per Maricopa Drainage Design Manual (Vol. 1) Table 4.1
LS .25 98
UD .525

KK RtR1
KM Route Mountain flows to weir (through streets in area 4)
RS 1 FLOW -,
RC 0.012 0.012 0.012 1600 0.02
* CHANNEL GEOMETRY EXTENDED TO STABILIZE ROUTING
RX 2 18 19 20 50 51 52 68
RY 2.2 2.0 1.5 1.0 1.0 1.5 2.0 2.2

KK A3
KM Developed Area 3
BA .036
LS 81
UD .145

KK A4
KM Developed Area 4
BA .067
LS 84
UD .139

HEC-1 INPUT

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

KK RtC4
KM Route flows To convergence of tributary.
RS 1 FLOW -1
RC 0.035 0.035 0.035 1100 0.02
RX 3 4 5 20 35 45
RY 4,p 4.4 4.3 1.0 1.0 2.0

KK A2
KM Developed Area 2
BA .020
LS 81
UD .115

KK COMB2
KM Combine, M3, A2, Flows from split
HC 3

KK
KM
RS
RC
RX
RY

RX
RY

KK M3
KM Mountain Area 3
BA .029
* IA = 0.25 as per Maricopa Drainage Design Manual (Vol. 1) Table 4.1
LS .25 98
UD .035

780
781
782
783
784
785

786
787
788
789
790

791
792
793

794
795
796
797
798
799

800
801
802

803
804

805
806
807
808

809
810

811
812
813
814
815

816
817
818
819
820

773
774

775
776
777

778
779

LINE

LINE
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66
5.1

in channel

55 65
2.0 5.0

<70-30 SPLIT)

1000
63

800
37

600
17

400
4

over the weir to retention basin (Divert Flow)

in channel to next split
-1

0.035 1200 0.02
5 20 45

4.3 1.0 1.0

RET1
Flows spi II

RET1 4.61
o 200
o 0

.137

RtC7
Route flows from split to 40th St &Knox RD

1 FLOW -1
0.035 0.035 0.035 2800 0.02

8 9 10 20 30 35 40 41
4.5 4.4 4.3 1.0 1.0 2.0 5.0 5.1

Flows from Area 6b flow through the streets to Knox Rd and 40th St.
All flow is assumed to stay in road.

A6b
Developed Area 6b

.019
84

RtC6
Route flows

1 FLOW
0.035 0.035

3 4
4.5 4.4

AS
Developed Area 5

.030
85

HEC-1 INPUT

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

KK
KM
BA
LS
UD

KK
KM
RS
RC
RX
RY
*
*

KK
KM
BA
LS
UD .137

KK COMB4
KM Combine A5 and routed flows
HC 2
* splt2 revised using South Mountain run data

KK COMB3
KM Combine A3, A4, M4, and routed flows (RtC5)
HC 4

KK Splt2
KM Channel splits (Flow diverted from model)
DT Spl t2
DI 0 1000 1500
DO 0 300 450

KK
KM
DT
DI
DO

KK
KM
RS
RC
RX
RY

854
855
856
857
858

843
844
845
846
847

848
849
850
851
852
853

821
822
823

824
825
826
827
828

829
830
831
832
833
834

835
836
837
838
839

840
841
842

LINE
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859
860
861
862
863
864

865
866
867
868
869

KK RtR2
KM Route flows through Knox Rd from 38th St to 40th St
RS 1 FLOW -1
RC 0.012 0.012 0.012 1000 0.02
RX 7 8 9 10 75 76 77 78
RY 2.1 2.0 1.5 1.0 1.0 1.5 2.0 2.1

KK R1
KM Road segment on Knox Rd from 37th St to 40th St.
BA .007
LS 100
UD .145



HEC-1 INPUT

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

KK Comb6
KM Combine flows in channel at 40th St and Knox Rd
HC 4

•

KK CombS
KM Combine flows from Area 6b and Road 1
HC 2

KK DivR1
KM Flow across Knox Road
DT DivR1
DI 0 50 100 150 200 500 1000
DQ 0 50 100 150 200 250 250
* If flows from Area 6 and Road 1 can be carried on Knox Rd, no diversion to
* channel. If they cannot be carried, then excess diverted to channel.
* Capacity of channel (based on Manning's equation) is 250 cfs.
*
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41
5.1

40
5.0

to Knox and 40th St

35
2~0

0.01
30

1.0

1000
20

1.0

.115

RtC8
Route flows from A6a through channel

1 FLOW -1
0.035 0.035 0.035

8 9 10
4.5 4.4 4.3

A7
Developed Area 7

.008
84

KK A6a
KM Developed Area 6a
BA .038
LS 84
UD .159

KK
KM
RS
RC
RX
RY

KK
KM
BA
LS
UD

KK RtC9
KM Route flows from Knox to Ranch Circle North
RS 1 FLOW -1
RC 0.035 0.035 0.035 1150 0.01
* CHANNEL GEOMETRY EXTENDED TO STABILIZE ROUTING. ORIGINAL RX AND RY:
* RX 0 1 10 20 30 40 49 50
* RY 4.5 4.4 4.3 1.0 1.0 4.0 4.1 4.2
RX 0 1 10 20 30 40 49 50
RY 6 4.4 4.3 1.0 1.0 4.0 4.1 6

KK A8
KM Developed Area 8
BA .~8
LS 84
UD .217

KK R2
KM Road segment on Ranch Circle North from 37th PL to Channel near 40th St.
BA .006
LS 100
UD .130

KK A29
KM Area 29 - Trail area from Knox to Ranch Circle North
BA 0.006

870
871
872

873
874
875
876
877

878
879
880
881
882

883
884
885
886
887
888

889
890
891
892
893

894
895
896

897
898
899
900

901
902

903
904
905
906
907

908
909
910
911
912

913
914
915

LINE

•
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Trail area from Ranch Circle North to Ray Road

85

A9
Developed Area 9

.040
85

.201

A30
Area 30 

0.006

0.091
HEC-1 INPUT

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

KK
KM
BA
LS
UD

KK
KM
BA
LS
UD

KK COMB8
KM Combine flows from A9, A30, and routed flows
HC 3

KK SPLT3
KM Split along Ray Rd near 40th St. (Divert flows to park)
DT Splt3
DI 0 74 145 234 340 462 600 750
DO 0 20 43 72 107 131 140 140

KK RtC11
KM Route flows along Ray Road from split at 40th St to Ranch Circle N
RS 1 FLOW -1
RC 0.035 0.035 0.035 1600 0.01
* CHANNEL GEOMETRY EXTENDED TO STABILIZE ROUTING. ORIG. RX &RY:* RX 8 9 10 20 30 35 40 41
* RY 4.5 4.4 4.3 1.0 1.0 2.0 5.0 5.1
RX 8 9 10 20 30 35 40 41
RY 6 4.4 4.3 1.0 1.0 2.0 5.0 6

KK A11
KM Developed Area 11
BA .034
LS 84
UD .161

KK A12
KM Developed Area 12
BA .002
LS 85
UD .067

KK DvA12
KM Simulate Detention Area for Development A12

LS 85
UD 0.091

KK COMB7
KM Combine flows from A8, Road 2, and A29
HC 4

KK RtC10
KM Route flows from Ranch Circle N to Ray Road
RS 1 FLOW -1
RC 0.035 0.035 0.035 1150 0.01
* CHANNEL GEOMETRY EXTENDED TO STABILIZE ROUTING. ORIG. RX &RY:
* RX 0 1 10 20 30 40 49 50
* RY 4.5 4.4 4.3 1.0 1.0 4.0 4.1 4.2
RX 0 1 10 20 30 40 49 50
RY 6 4.4 4.3 1.0 1.0 4.0 4.1 6

949
950

951
952
953
954
955

956
957
958
959
960

961
962

925
926

927
928
929
930
931

932
933
934
935
936

937
938
939

940
941
942
943
944

945
946
947
948

916
917

918
919
920

921
922
923
924

LINE
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70
2.1

62
2.0

500
500

•

61
1.5

250
250

200
200

150
150

100
100

on Ray Rd from 40TH ST TO RANCH CIRCLE N

from A11 &A12

100

0.07
50
50

R3
Road Segment on Ranch Circle N 40TH ST TO RAY

.007
100

At this point, the model returns to Knox Road and 40th Street to
simulate flows carried down Knox Road from 40th Street to 44th Street.
Returning flows from R1:

.158

R4
Road segment

.005

.125

Comb9
Combine flows

2

RtR3
Route flows

1 FLOW
0.012 0.012

o 8
2.1 2.0

from A11 &A12 to Ray Rd
-1

0.012 1900 0.01
9 10 60

1.5 1.0 1.0
HEC-1 INPUT

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

KK Comb10
KM Combine flow from A10, Road3, Road4, and RtR3
HC 5

KK
KM
RS
RC
RX
RY

KK
KM
BA
LS
UD

KK
KM
BA
LS
UD

KK RtC12
KM Route combined flows (along Ray Road from Ranch Circle N to 44th ST)
RS 1 FLOW -1
RC 0.035 0.035 0.035 1000 0.01
* CHANNEL GEOMETRY EXTENDED TO STABILIZE ROUTING. ORIG. RX &RY:
* RX 7 8 9 10 30 31 32 33
* RY 5.2 5.1 5.0 1.0 1.0 5.0 5.1 5.2
RX 7 8 9 10 30 31 32 33
RY 7 5.1 5.0 1.0 1.0 5.0 5.1 7
*
**
*

KK A10
KMDeveloped Area 10
BA .042
LS 85
UD .133

KK DvA10
KM Simulate Detention Area for Development A10
DT DvA10 2.16
01 0 50 100 150 200 250 500
DQ 0 50 100 150 200 250 500

DT DvA12
01 0
DQ 0

KK
KM
HC

KK RetR1
KM Return (to model) the flow coming down Knox Rd
DR DivR1

KK RtR4
KM Route flows through Knox Rd from 40th St to 44th St .

963
964
965

966
967
968

969
970
971
972
973
974

LINE

975
976
977
978
979

980
981
982
983
984

985
986
987
988
989

990
991
992
993
994

995
996
997

998
999

1000
1001

1002
1003

1004
1005
1006

1007
1008

•
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PAGE 26

78
2.1

37
4.7

36
4.6

77
2.0

76
1.5

35
4.5

to middle of 44th St (entrance to schl)

0.01
30

1.0

from Knox Rd to Midway between Knox and Ray Rd

1100
20

1.0

from Knox and 44th St
-1

0.035
15

4.5

-1
0.012

9
1.5

100

100

FLOW
0.012

8
2.0

.058

R7a
Road Segment on 44th St

.004

.100

.233

R6
Road segment on Knox Rd from 40th St to 44th St.

.009

.217

A13
Developed Area 13

.001
87

RtC13
Route flows
1 FLOW

0.035 0.035
13 14

4.7 4.6

A14
Developed Area 14

.076
79

1
0.012

7
2.1

2600 0.01
10 75

1.0 1.0
HEC-1 INPUT

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

HEC-1 INPUT

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

KK Comb12
KM Combine R7a, A14, and combined flows at A13
HC 3

RS
RC
RX
RY

KK
KM
BA
LS
UD

KK
KM
BA
LS
UD

KK
KM
BA
LS
UD

KK DvA13
KM Simulate Detention Area for Development A13
DT DvA13 0.10
01 0 50 100 150 200 250 500
DQ 0 50 100 150 200 250 500

KK Comb11
KM Combine flows from A13, R6 and from R1 (DivR1)
HC 3

KK
KM
RS
RC
RX
RY

KK DvA14
KM Simulate Detention Area for Development A14
DT DvA14 4.24
01 0 50 100 150 200 250 500
DQ 0 50 100 150 200 250 500

KK
KM
BA
LS
00

LINE

LINE

1013
1014
1015
1016
1017

1018
1019
1020
1021
1022

1023
1024
1025
1026
1027

1028
1029
1030

1031
1032
1033
1034
1035
1036

1037
1038
1039
1040
1041

1042
1043
1044
1045
1046

1047
1048
1049
1050
1051

1052
1053
1054

1009
1010
1011
1012
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1056
1057

KK RtC14
KM ROUTE combined flows to Ray Road
RS 1 FLOW -1
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36
5.1

35
5.0

•

31
2.0

0.01
30

1.0

1100
20

1.0

KK R12A
KM Road segment on Ray Rd from 44th St to 46th PL
BA 0.005
LS 100
UD 0.127

KK A16
KM Developed Area 16

KK RtC15
KM Route flows in channel along Ray Rd from 44th St to clogged pipes
RS 1 FLOW -1
RC 0.035 0.035 0.035 500 0.008
* CHANNEL GEOMETRY EXTENDED TO STABILIZE ROUTING. ORIG. RX &RY:
* RX 0 5 10 20 40 50 55 60
* RY 4.7 4.6 4.5 1.0 1.0 4.5 4.6 4.7
RX 0 5 10 20 40 50 55 60
RY 6 4.6 4.5 1.0 1.0 4.5 4.6 6
* At this point( there are 3-48" pip.es at Ray Road where the water was
* designed to f ow; however, a field visit showed that the pipes were
* clogged, and therefore the flow will be carried along Ray Road.

KK RtR5
KM Route flows along Ray Rd from clogged pipes to 46th Place
RS 1 FLOW -,
RC 0.012 0.012 0.012 1000 0.008
* CHANNEL GEOMETRY EXTENDED TO STABILIZE ROUTING. ORIG. RX &RY:
* RX 0 8 9 10 90 91 92 100
* RY 2.1 2.0 1.5 1.0 1.0 1.5 2.0 2.1

HEC-1 INPUT

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

RX 0 8 9 10 90 91 92 100
RY 2.3 2,0 1.5 1 1 1.5 2 2.3

RC 0.035 0.035 0.035
RX 13 14 15
RY 4.5 4.4 4.3

KK A15
KM Developed Area 15
BA .047
LS 88
UD .083

KK A31
KM Developed Area 31
BA .005
LS 92
UD .113

KK R7b
KM Road Segment on 44th St from Midway between Knox and Ray Rd to Ray Rd
BA .004
LS 100
UD .100

KK R5
KM Road Segment on Ray Rd from Ranch Circle North to 44th St
BA .004
LS 100
UD .083

KK Comb13
KM Combine flows
HC 6

LINE

1094
1095

1096
1097
1098
1099
1100

1101
1102

1088
1089

1090
1091
1092
1093

1058
1059
1060

1061
1062
1063
1064
1065

1066
1067
1068
1069
1070

1071
1072
1073
1074
1075

1076
1077
1078
1079
1080

1081
1082
1083

1084
1085
1086
1087
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85

500
500

on Knox Rd from 44th St to 46th St

92

100

R8
Road Segment

.003

.092

.015

.089

RtR7
Route flows along Knox Road from A18 to 47th St
1 FLOW -1

0.012 0.012 0.012 950 0.01
o 8 9 10 75 76 IT

DvA16
Simulate Detention Area for Development A16

DvA16 1.28
o 50 100 150 200 250
o 50 100 150 200 250

A17
Developed Area 17

.072
88

KK
KM
RS
RC
RX

KK Comb15
KM Combine flows from R8 and A18
HC 2

KK A18
KM Developed Area 18 (church)
BA .005
LS 84
UD .082

KK
KM
BA
LS
UD

KK 48-Sth
KM Simulate flow coming down Ray and flowing down 48th Street
DT 48-Est
01 0 50 100 200 500 1000 1500 2000
DQ 0 25 50 100 250 500 750 1000

HEC-1 INPUT

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

BA
LS
UD

KK
KM
DT
01
DQ

KK
KM
BA
LS
UD .233

KK ·Comb14
KM Combine flows from A16, A17, R12a, RtR5, RtC15
HC 4

KK RtR6
KM Route combined flows along Ray Rd from 46th PL to 48th St
RS 1 FLOW -1
RC 0.012 0.012 0.012 1100 0.008
• CHANNEL GEOMETRY EXTENDED TO STABILIZE ROUTING. ORIG. RX &RY:
• RX 0 8 9 10 90 91 92 100
• RY 2.1 2.0 1.5 1.0 1.0 1.5 2.0 2.1
RX 0 8 9 10 90 91 92 100
RY 2.3 2 1.5 1 1 1.5 2 2.3
• At this point! 50% of flow coming down Ray Road (flow in southern portion
• of the street) is assumed to flow south down 48th St and into the channel
• flowing south down 48th St.
• The other 50% of the flow is combined with the flow coming down 48th Street
• north of the intersection. Ray Road is assumed to take all of the flow up
• to capacity, at which time the excess flow continues south down 48th St.

1130
1131
1132
1133
1134

1135
1136
1137
1138
1139

1140
1141
1142

1143
1144
1145
1146
1147

1125
1126
1127
1128
1129

LINE

1123
1124

1103
1104
1105

1106
1107
1108
1109
1110

1111
1112
1113
1114
1115

1116
1117
1118

1119
1120
1121
1122

li~

I •
~
ill

ill

ill

ill

ill

rn
m
ill

ill

ill

ill
ill

ill
~
ill

ill

ill

ill

ill

ill
ill
ill
ill
~
ill
ill
ill
~
ill

ill
ill

~
ill

ill

ill

ill

ill

ill
ill

ill
ill
~
ill
ill
ili
~
ill
ill

ill
ill
ill
ill
~
ill

ill
ill
~
ill

~
ill
ill

ill
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2.1

77 85
2.0 2.1

2.0

to 47th St

76
1.5

to 47th St

1.51.0

0.01
75

1.0

800
10

1.0

1.01.5

100

2.02.1

.142

R9
Road Segment on Knox Rd from 46th St

.002

.075

RtR8
Route Combined Flows on Knox Rd from 46th St
1 FLOW -1

0.012 0.012 0.012
089

2.1 2.0 1.5

A20
Developed Area 20

.020
85

HEC-l INPUT

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

KK
KM
BA
LS
UD

KK A19
KM . Developed Area 19
BA .038
LS 85
UD .217

KK Comb16
KM Combine flows from R9, A19, and RtR7
HC 3

KK
KM
RS
RC
RX
RY

RY

KK
KM
BA
LS
UD

1148

1149
1150
1151
1152
1153

1154
1155
1156
1157
1158

1159
1160
1161

1162
1163
1164
1165
1166
1167

1168
1169
1170
1171
1172

LINE

SVRD05-2.0UTI Page 26 li~

I!!
iii
iii
!!!
iii
iii
iii
iii
m
iii
!!!
m
iii
iii
iii
iii
iii
ill
!!!
iii
iii
iii
m

KK Comb17
KM Combine flows from A20, R10, and RtR8
HC 3

500
500

250
250

200
200

150
150

100
100

100

RtR9
Route flows along 48th St from Knox Rd to Ray Rd
1 FLOW -1

0.012 0.012 0.012 2100 0.008
o 8 9 10 90 91 92 100

2.1 2.0 1.5 1.0 1.0 1.5 2.0 .2.1

Note: Developments A21, A23, A24, and A25 drain to basin behind KMart.
Area 21 runoff: capacity of pipe to basin, remaining heads

south down 48th street to Ray Road

DvA20
Simulate Detention Area for Development A20

DvA20 1.22
o 50
o 50

Rl0
Road segment on Knox Rd from 47th St to 48th St

.004

.083

KK
KM
RS
RC
RX
RY
*
*
*
*

KK
KM
DT
01
DQ

KK
KM
BA
LS
UD

1173
1174
1175
1176
1177

1178
1179
1180
1181
1182

1183
1184
1185

1186
1187
1188
1189
1190

. 1191

1192
1193
1194
1195
1196

•
KK
KM
BA
LS
UD

A21
. Developed Area 21

.075
85

.275

• •
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57
4.5

56
4.4

500
500

250
250

200
200

150
150

100
100

alo~~ 48th St to Detention Basin

0.012 2000 0.008
15 20 30 55

4.3 1.0 1.0 4.3

at 48th St and Ray - Capacity of 1/2 of Ray Rd is 140 cfs.

50 100 140 300 500 1000
~ 100 1~ 1~ 1~ 1~

RtC16
Route flows
1 FLOW

0.012 0.012
13 14

4.5 4.4

0.127

DvA22
Simulate Detention Area for Development A22

DvA22 2.75o 50
o 50

R12b
Road segment on Ray Rd from 46th PL to 48th St

0.005
100

RaySth
Spl it

RayEst
o
o

KK
KM
RS
RC
RX
RY

KK comb19
KM Combine split flows from ray and flows carried down 1/2 of Ray Road
HC 2

HEC-1 INPUT

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

KK 21-Sth
KM Simulate Detention Area for Development 21
DT 21-Est
DI 0 50 60 70 100 200 500
DQ 0 50 60 70 70 70 70

KK RtR10
KM Route flows alon~ 48th St from Development A21 to Ray Rd
RS 1 FLOW -
RC 0.012 0.012 0.012 1000 0.008
RX 0 8 9 10 80 81 82 90
RY 2.1 2.0 1.5 1.0 1.0 1.5 2.0 2.1

KK R11
KM Road segment on 48th St from Knox to Ray Rd
BA .008
LS 100
UD .216

KK Comb18
KM Combine A21, A22, R11, R12B, RtR10, and Dv48th
HC 6

KK
KM
DT
DI
DQ

KK A22
KM Developed Area 22
BA .033
LS 92
UD .099

KK
KM
DT
DI
DQ

KK
KM
BA
LS
UD

KK Retn48
KM Return divided flow from Ray Road as it reaches 48th ST.
DR 48-Est

LINE

1213
1214
1215
1216
1217

1218
1219
1220
1221
1222

1223
1224
1225
1226
1227

1228
1229
1230

1231
1232
1233

1234
1235
1236
1237
1238

1239
1240
1241

1242
1243
1244
1245
1246
1247

1197
1198
1199
1200
1201

1202
1203
1204
1205
1206
1207

1208
1209
1210
1211
1212

m
I 1m

ill

~
ill

m
ill

m
ill
ill

m
ill
ill

ill
m
ill
ill
m
m
ill

ill

ill

ill

ill

ill

ill

ill

ill
ill
ill

m
ill

ill
m
ill

ill

ill

illm
ill
m
ill

ill
ili
mm
mm
ill
m
ill

ill

ill

ill
ill

m
ill

ill
iii
m
ill

ill
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ill

ill
iii
iil
ill
m
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57
4.5

56
4.4

55
4.3

0.008
45

1.0

to Detention Basin

from Ray Rd to detention basin

0.235

.383

R13
Road segment of 48th St

0.007
100

RtC17
Route flows along 48th. St
1 FLOW -1

0.012 0.012 0.012 2000
13 14 15 20

4.5 4.4 4.3 1.0

A28
Developed Area 28

.216
84

KK East
KM Account for flow traveling south through pipe and east over road (weir)
DT South .
01 0 41 45 48 53 58 65 73 84 85
01 91 108 140 192 269 375 516 696 920
DQ 0 41 45 48 53 58 65 73 84 84
DQ 85 85 85 85 85 85 85 85 85
** DITCH PARAMETERS ASSUMED. 10'BW 2:1SS n=0.015, 0=5'
* LENGTH ASSUMED. SLOPE ASSUMED SiMILAR to PREVIOUS ROUTING.

KK RtEAST
KM ROUTE EAST SPLIT TO BOTTOM OF PPERWOOD BASIN C
RS 4 FLOW -1
RC .035 .015 .035 2600 .006
RX 0 5 10 22 32 44 54 64
RY 6 6 6 0 0 6 6 6
*

HEC-1 INPUT

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

KK Comb20
KM Combine flows from A27, A28, R13, and RtC14 (flows from 48th St and Ray)
HC 4

KK RET2
KM Retention Basin - At 48th Street and Thistle Landing
RS 1 STOR 0 0
SV 0 25.2 27.3 29.5 31.8 34.1 36.4
SE 11.5 19 19.5 20 20.5 21 21.5
SS 19 150 3 1.5
SL 13 7.1 0.6 0.5

KK
KM
RS
RC
RX
RY

KK
KM
BA
LS
UD

KK
KM
BA
LS
UD

KK A27
KM Developed Area 27
BA .036
LS 92
UD .540

1253
1254
1255
1256
1257
1258

1259
1260
1261
1262
1263

1264
1265
1266
1267
1268

1269
1270
1271

1272
1273
1274
1275
1276
1277
1278

1279
1280
1281
1282
1283
1284
1285

LINE

1248
1249
1250
1251
1252

1286
1287
1288
1289
1290
1291

SVRD05-2.OUTI Page 28 lili
m
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iii
m
iii
iii
iii
!!l
iii
iii
iii
iii
iii
iii
iii
iii
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iii
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m
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LINE

HEC-1 INPUT

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

PAGE 33

1292
1293
1294

•
KK C
KM FROM PEPPERWOOD REPORT
BA 0.03

• •
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1295
1296

1297
1298
1299

1300
1301
1302
1303
1304
1305

1306
1307
1308
1309
1310

1311
1312
1313
1314
1315
1316

1317
1318
1319
1320
1321

* CN ASSUMED 85 (COMMERCIAL, B SOIL)
LS 85
UD 0.09
*
KK COMBC
KM COMBINE FLOW FROM BASIN C AND EAST SPLIT
HC 2
*
KK RtC
KM ROUTE COMBINED FLOWS TO BOTTOM OF BASIN B
RS 2 FLOW
RC .015 .015 .015 1320 .006
RX 0 10 20 32 42 54 64 74
RY 6 6 6 0 0 6 6 6
*
*
KK D PEPPERWOOD BASIN D
KM CN ASSUMED COMMERCIAL, B SOILS
BA .06
LS 85
UD .1
*
KK ROUTED
KM FROM PEPPERWOOD REPORT
RS 1 STOR -1
RC .014 .014 .014 1320 .004 102
RX 0 4 8 12 16 18 22 26
RY 102 101 100 100 100 100 101 102
*
KK E PEPPERWOOD BASIN E
KM CN ASSUMED COMMERCIAL, B SOILS
BA .03
LS 85
UD .1
*

PAGE 34

26
102

22
101

102
18

100

1200 .004
12 16

100 100

HEC-1 INPUT

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

KK ROUTEE
KM FROM PEPPERWOOD REPORT
RS 1 STOR -1
RC .014 .014 .014
RX 0 4 8
RY 102 101 100
*

LINE

1322
1323
1324
1325
1326
1327

1328
1329
1330

KK COMBE
KM COMBINE HYDROGRAPHS FROM RTEC,ROUTED, AND ROUTEE
HC 3
*

1331
1332
1333
1334
1335
1336

KK RTEE
KM ROUTE COMBINED HYDROGRAPHS TO BOTTOM OF DA522A
RS 1 FLOW -1
RC .015 .015 .015 1320 .005
RX 0 10 20 32 42 54
RY 6 6 6 0 0 6
*

64
6

74
6

1337 KK DA522A
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PAGE 35

74
6

74
6

64
6

54
6

.005
42
o

1850
32
o

FLOWS TO 2ST CONCENTRATION POINT *************************

FLOW THROUGH CONC. CHANNEL TO BOTTOM OF 522E
-1

.015
20
6

FLOW THROUGH CONC. CHANNEL ALONG 50th STR.
-1

.015 1200 .005
20 32 42 54 64
6 0 066

RT522B
ROUTE COMBINED

1 FLOW
.015 .015

o 10
6 6

Note: Developments A21, A23, A24, and A25 drain to basin behind KMart.
Area 21 runoff: capacity of pipe to basin, remaining heads

south down 48th street to Ray Road
Area 23 runoff: 70% retained on-site, 30% to basin
Area 24 runoff: All to basin
Area 25 runoff: All to basin

HEC-1 INPUT

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

KK
KM
RS
RC
RX
RY
** *******************
*
*
*
*
*
*
*

KK DA522B
BA . 0.058
LS 81
UD .17

KK AD522B
KM COMBINE HYDROGRAPHS FROM RT522A AND DA522B
HC 2

BA 0.058
LS 81
UD .17

KK AD522A
KM COMBINE HYDROGRAPHS FROM RTEE AND DA522A
HC 2

KK RT522A
KM ROUTE COMBINED
RS 1 FLOW
RC .015 .015
RX 0 10
RY 6 6

LINE

1338
1339
1340

1341
1342
1343

1344
1345
1346
1347
1348
1349

1350
1351
1352
1353

1354
1355
1356

1357
1358
1359
1360
1361
1362

KK Retn21
KM Return flow from Development 21 that travels through pipe
DR 21-Est

KK RtP1
KM Route flows from development 21 to basin (36" pipe)
RS 1 FLOW -1
RC 0.013 0.013 0.013 1320 0.008
RX 4.8 4.9 5 6 7 8 8.1 8.2
RY 3.0 2.0 1.5 0 0 1.5 2.0 3.0

KK A25
KM Developed Area 25
BA ,043
LS 85
UD .226

KK Comb21
KM Combine flows from A25 and RtP1 (routed flows from A21)
HC 2

1363
1364
1365

1366
1367
1368
1369
1370
1371

1372
1373
1374
1375
1376

1377
1378
1379

1380
1381

•
KK
KM

RtP2
Route flows from A21 and A25 to basin (54" pipe)

• •
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240
2.5

57
4.5

56
4.4

700 0.008
20 45 55

1.0 1.0 4.3

1-10 in channel from Basin

.089

RtC19
Route flows along
1 FLOW -1

0.035 0.035 0.035
13 14 15

4.5 4.4 4.3

A26
Developed Area 26

.048
92

RtC18
Route flows through park
1 FLOW -1

0.035 0.035 0.035 1000 0.008
10 20 50 100 150 200 230

2.5 2.3 1.0 0 0 1.0 2.3
CN CHANGED FROM 85 TO 65 BASED ON PLANS FOR CITY PARK.
10% @CN=98 AND 90% @CN=61 (FROM TR-55)

HEC-1 INPUT

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

RS 1 FLOW -1
RC 0.013 0.013 0.013 100 0.008
RX 4.9 5 6 7 7.5 8.5 9.5 9.6
RY 4.5 2.3 1.0 0 0 1.0 2.3 4.5

KK A23
KM Developed Area 23
BA .039
LS 85
UD .200

KK DvA23
KM Simulate Detention Area for Development A23
DT DvA23 2.37
DI 0 50 100 150 200 250 500
DQ 0 50 100 150 200 250 500

KK
KM
RS
RC
RX
RY

KK
KM
BA
LS
UD

KK
KM
RS
RC
RX
RY
* A24
*

KK A24
KM Developed Area 24
BA .064
LS 65
UD .285

KK Comb22
KM Combine flows from A21 &A25 (RtP2), A23 (RtC18), A24
HC 3

KK RET3
KM Retention Basin - in south portion of A24 (north of KMart - A26)
RS 1 STaR 0 0
SV 0 0.59 2.68 5.01 7.58 9.0
SE 20.5 21 22 23 24 25
SS 24 100 3 1.5
SL 21 13.14 0.6 0.5

KK DvA26
KM Simulate Detention Area for Development A26
81 DVA23 4.g~ 100 '150 200 250 500
DQ 0 50 100 150 200 250 500

LINE

1402
1403
1404
1405
1406

1407
1408
1409

1410
1411
1412
1413
1414
1415
1416

1417
1418
1419
1420
1421
1422

1423
1424
1425
1426
1427

1428
1429
1430
1431
1432

1382
1383
1384
1385

1386
1387
1388
1389
1390

1391
1392
1393
1394
1395

1396
1397
1398
1399
1400
1401

I SVRDD5-2.OUT - 05-26-1998 at 17:13:47 -Page 31 liil
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HEC-1 INPUT

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

PAGE 37

100
2.1

92
2.0

91
1.5

along Ray from 48th to 1-10

100

R14
Road Segment

.008

.186

KK
KM
RS
RC
RX
RY

KK
KM
BA
LS
UD

KK RtnRay
KM Return divided flow from Ray and 48th ST
DR RayEst

RtR11
Route flows along Ray Rd
1 FLOW -1

0.012 0.012 0.012 2000 0.008o 8 9 10 90
2.1 2.0 1.5 1.0 1.0

LINE

1433
1434
1435

1436
1437
1438
1439
1440
1441

1442
1443
1444
1445
1446

KK Comb23
KM Combine flows from A26, R14, RtR11, and RtC19 (basin)
HC 4
* DIV520, DIVBOX, &ADDBOX FROM HDR SOUTH MOUNTAIN RUN.

KK DIV520 DIVERT WEIR FLOW THRU EQUIP. CROSSING UNDER EB OFF-RAMP
KM FROM HDR SOUTH MONTAIN RUN
DT DIVBOX
01 0 100 200 300 400 500
DQ 0 0 60 143 230 320

KK DIVBOX RETREIVE FLOW THRU EQUIPMENT CROSSING
DR DIVBOX
* NOTE: FLOW RE-COMBINES AT APPROX. BOTTOM OF BASIN A1

KK ADD BOX RE-COMBINE FLOW DIVERTED THRU EQUIP. CROSSING.
KM RE-COMBINE FLOW DIVERTED THRU EQUIP. CROSSING
HC 2
** PEPPERWOOO MODEL, MODIFIED TO REFLECT NEW DEVELOPMENT PLANS EAST OF 48th
* BETWEEN RAY ROAD AND THISTLE. NO LOCAL RETENTION CONSIDERED.
*

FROM SOUTH MONTAIN RUN

1447
1448
1449

1450
1451
1452
1453
1454

1455
1456
1457
1458
1459
1460

1461
1462

1463
1464
1465

KK
KM
RS
RC
RX
RY

RTE23 ROUTE CHANNEL FLOW SOUTH ALONG 1-10
ASSUME BW=10', 2:1ss1 0=5', n=0.015, s & l

1 FLOW -I
.015 .015 .015 1000 .0099o 10 20 30 40

5 5 5 0 0
50

5
60

5
70
5

85

1466
1467
1468
1469
1470

KK
KM
BA
LS
UD
*

VA1 VESTAR PHASE I & II DEVELOPMENTS.
ASSUMED COMMERCIAL (ZONING R-3), B SOILS,
0.11

0.17

AREA FROM KIMLEY HORN GRADING PLAN

1471
1472

KK COMBA1 COMBINE FLOW FROM A1 WITH RE-COMBINED FLOWS FROM RAY ROAD.
HC 2
*

TO A2 VIA DITCH ON 1-10 R.O.W.
2:1,s, 0=5', n=0.015

1473
1474
1475
1476
1477

•
KK
KM
RS
RC
RX

RTEA1 ROUTE A1
ASSUME BW=1Q',., FLOW

.015 .015
o 10

.015
20

1320
30

.002
40 50 60

•
70

•
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PAGE 39

PAGE 38

5

64
6

70
5

5

60
5

5

44 54
6 6

F PARALLEL TO 1-10

o

B SOIL)

.006
32
o

o

1320
22
o

5

.015
10
6

5

85

85

FLOW TO BOTTOM OF PEPPERWOOD BASIN
FLOW
.015

5
6

5

RtB
ROUTE

2
.015

o
6

B KYRENE SCHOOL DISTRICT
CN ASSUMED TO BE 85 (COMMERCIAL,
0.06

0.09

VA2 MARK DEVELOPMENT APARTMENTS COMMERCE PARK I & II
CN ASSUMES COMMERCIAL AND APARMENf DEVELOPMENT ON B SOIL
0.17

0.19

COMBA
COMBINE A1 &A2 HYDROGRPAHS

2

HEC-1 INPUT

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

KK R200

KK
KM
RS
RC
RX
RY
*
KK F PEPPERWOOD BASIN F
KM CN ASSUMED, COMMERCIAL, B SOILS
BA .04
LS 85
UD .09
*

KK COMBB
KM COMBINE HYDROGRAPHS FROM RTEA2 AND BASIN B
HC 2
*

KK
KM
BA
LS
UD
*

KK RTEA2 ROUTE A2 TO B VIA DITCH ON 1-10 R.O.W.
KM ASSUME BW=10', 2:1ss, 0=5', n=0.015
RS 1 FLOW
RC .015 .015 .015 1320 .008
RX 0 10 20 30 40 50
RY 5 5 5 0 0 5
*

HEC-1 INPUT

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

KK
KM
HC .
*

RY
*

KK
KM
BA
LS
UD
*

KK STORA2
KM RETENTION CELL IN SE CORNER OF BASIN VA2.
* SEE KIMLEY/HORN GRADING &DRAINAGE PLANS
RS 1 STOR -1
SQ 0 0.01 1500
SV 0 21.44 21.44
*

LINE

1517

1512
1513
1514
1515
1516

1506
1507
1508
1509
1510
1511

1503
1504
1505

1498
1499
1500
1501
1502

LINE

1484
1485
1486

1492
1493
1494
1495
1496
1497

1487
1488

1489
1490
1491

1479
1480
1481
1482
1483

1478
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PAGE 40

74

74
6

26
102

64

64
6

22
101

•
54

54
6

1-10 R.O.W TO BOTTOM OF DA522C

102
18

100

.005
42
o

.004
16

100

1320
32
o

5300
12

100

FLOW THROUGH CONC. ADOT CHANNEL TO BOTTOM OF 522E
-1

.015 1490 .003
20 32 42

81

85

FLOW THROUGH CONCRETE CHANNEL ALONG
FLOW -1
.015 .015

10 20
6 6

RTEF
ROUTE

1
.015

o
6

CN ASSUMED = 85 (COMMERCIAL, B SOIL)
.14

.28

KK DA522C
BA 0.044
LS 81
UD 0.14

KK AD522C
KM COMBINE HYDROGRAPHS FROM DA522C AND RTEF
HC 2

KK RT522C
KM ROUTE FLOW THROUGH CONC. ADOT CHANNEL TO BOTTOM OF DA522D
RS 1 FLOW -1
RC .015 .015 .015 1450 .003
RX 0 10 20 32 42 54 64 74
RY 6 6 6 0 0 6 6 6
** AREAS FOR DA522D &DA522E BASED ON ALIGNMENT SHOWN IN SOUTH MOUNTAIN REPORT.

HEC-1 INPUT

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

KK
KM
RS
RC
RX
RY
** ORIG. BASIN 522a &522b MODIFIED TO REFLECT FUTURE DEVELOPMENT
* AND DRAINAGE CORRIDORS. ORIG. BASINS HAD CN OF 81, AND CN=81
* ASSUMED FOR NEW BASINS.
*

KK COMBF
KM COMBINE HYDROGRAPHS FROM BASIN F, ROUTER, AND RTEB
HC 3
*

KK ROUTER
KM FROM PEPPERWOOD REPORT
RS 1 STOR -1
RC .014 .014 .014
RX 0 4 8
RY 102 101 100
*

KM
BA
LS
UD
*

KK DA522D
BA 0.024
LS
UD .13

KK AD522D
KM COMBINE HYDROGRAPHS FROM RT522C AND DA522D
HC 2

KK RT522D
KM ROUTE COMBINEDRS ... 1 . FLOW
RC .015 .015
RX 0 10

LINE

1550
1551
1552
1553

1554
1555
1556

1557
1558
1559
1560
1561

1537
1538
1539
1540

1541
1542
1543

1544
1545
1546
1547
1548
1549

1531
1532
1533
1534
1535
1536

1522
1523
1524
1525
1526
1527

1528
1529
1530

1518
1519
1520
1521

•
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142
10

132
10

122
10

Channel
FLOW

0.020
90
10

RT515
1

0.040
80
10

info from Clouse plans.
-1

0.040 2600 0.0059
100 106 116

10 6 6
HEC-1 INPUT
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KK RT517 Assumed channel shape based on estimated 48th St. cross-section.
RS 1 FLOW -1
RC 0.020 0.025 0.040 850 0.005
RX 78 80 100 112 116 118 122 222
RY 12 9.6 10 9.76 7.76 7.76 10 12

KK DA518
BA 0.099
LS 81
UD 0.58

KK
RS
RC
RX
RY

KK DA517 (CVL320) CVL data
BA 0.1700
LS 77
UD 0.258
* RETREIVE SOUTH SPLIT AT 48th &THISTLE (KIMLEY/HORN DATA)

KK South
KM RETREIVE SOUTH SPLIT FROM 48th &THISTLE
DR South
* CONTINUE WITH HDR SOUTH MONTAIN DATA

KK AD517 Add in 517
HC 3

RY 6 6 6 0 0 6 6 6
*
KK DA522E
BA 0.05
LS 81
UD 0.09

KK AD522E
KM COMBINE HYDROGRAPHS FROM RT522D, RT522B, AND DA522E
HC 3
*
* ****************************
* THE FOLLOWING IS FROM THE HDR SOUTH MOUNTAIN MODEL

KK DA513 (CVL195) CVL data
BA .0.0879
LS 85
UD 0.204

KK DA514 (CVL197) CVL data
BA 0.0564
LS 84.1
UD 0.144

KK DA515 (CVL199) CVL data
BA 0.0466
LS 84
UD 0.186

KK AD515 Combine 515, 514 and 513
HC 3

1593
1594
1595

LINE

1596
1597

1598
1599
1600
1601
1602

1603
1604
1605
1606

1589
1590
1591
1592

1570
1571
1572
1573

1574
1575
1576
1577

1578
1579
1580
1581

1582
1583

1584
1585
1586
1587
1588

1563
1564
1565
1566

1567
1568
1569

1562
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70
5

156
10

Design Q - C219.

60
5

50
5

.005
40
o

1320
30
o

81

85

Retrieve SE part of diversion from 48th St and Chandler Blvd IC.

Route to approx 50th St. thru assumed channel overland
FLOW -1

0.035 0.035 3100 0.005
90 100 110 610 620 630 640
10 10 9 9 10 10 10

Assume channel size and route 519b back to 48th St.
FLOY -1
0.018 0.035 2800 0.0011
90 100 112 124 136 146
10 10 4 4 10 10

Combine all flows approx. 400ft West of 48th St.

RT518
ROUTE FLOW TO BOTTOM OF 519B

1 FLOW -1
.015 .015 .015

o 10 20
555

KK
KM
RS
RC
RX
RY
** ORIGINAL BASINS 519a AND 519b SPLIT UP TO REFLECT EXPECTED ROAD AND
* DRAINAGE PATTERNS. ORIGINAL DATA:
* KKOA519a
* BAO.22
* LS
* UDO.62
* KKAD519a Combine 519a and flow from N. at 48th &SMF.
* HC 2
** ORIGINAL RETRIEVAL CARDS FOR SPLIT AT 48th &CHANDLER DELETED.
*

•

KK AD518 Combine 518 with flow moving south in 48th St.
HC 2
* HDR SOUTH MOUNTAIN RUN SHOWS SPLIT AT 48th &CHANDLER. ASSUME THAT
* SPLIT HAS BEEN CORRECTED, AND ALL FLOW GOES SOUTH ALONG 48th.
* ORIGINAL SPLIT CARDS:
* KKDIV518 Assume 50-50 split at 48th &Chandler IC.
* DT DIVSE
* 01 0 2000
* DQ 0 1000
** CHANNEL GEOMETRY FOR RT518 HAS BEEN EXTENDED TO STABILIZE ROUTING
* ORIG. RX &RY:
* RX 80 90 100 105 110 115 125 135
* RY10.4 10.2 10 5 5 10 10.2 10.4
* RT518 MODIFIED TO REFLECT NEW CONC. CHANNEL PARALLEL TO 48th STR.
* ORIGINAL CARDS
* RT518 Assume channel size based on existing tail-water ditch.
* RS 1 FLOW -1
* RC 0.035 0.025 0.035 3600 0.0061
* RX 50 90 100 105 110 115 125 165
* RY 11 10.2 10 5 5 10 10.2 11

* KK DIVSE
* DR DIVSE
* KK RTSE
* RS 5
* RC 0.035
* RX 80
* RY 10
** KKDA519b
* BA 0.322
* LS
* UDO.43
** KKRT519b
* RS 1
* RC 0.035
*RX 80
* RY 10
* KKAD519b
* HC 3
** MOD IF IED AREAS
*

1609
1610
1611
1612
1613
1614

1607
1608

LINE

•
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74
6

70
5

64
6

60
5

54
6

.006
42
o

1320
32
o

HEC-1 INPUT
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KK AD519D
KM COMBINE HYDROGRAPHS FROM RT519B, RT519C, &DA519D
HC 3
*

KK DA519C
BA 0.166
LS 85
UD 0.19
*
KK RT519C
KM ROUTE FLOW EAST TO 48th & FRYE
RS 1 FLOW -1
RC .015 .015 .015 900 .002
RX 0 10 20 30 40 50 60 70
RY 5 5 5 0 0 5 5 5
*
KK DA519D
BA .078
LS 81
UD .19
*

KK AD519B
KM COMBINE HYDROGRAPHS FROM RT518, RT519A, &DA519B
HC 3
*

KK .DA519B
BA 0.136
LS 81
UD 0.19
*

KK RT519B
KM ROUTE COMBINED HYDROGRAPHS SOUTH TO WEST SIDE OF 48th &FRYE
RS 1 FLOW -1
RC .015 .015 .015
RX 0 10 20
RY 6 6 6
*

KK RT519A
KM ROUTE EAST TO END OF 519B (AT 48th STR.)
RS 1 FLOW -1
RC .015 .015 .015 1900 .003
RX 0 10 20 30 40 50
RY 5 5 5 0 0 5
*

KK DA519A
BA 0.046
LS 85
UD 0.13
*

LINE

1652
1653
1654

1648
1649
1650
1651

1642
1643
1644
1645
1646
1647

1632
1633
1634
1635
1636
1637

1625
1626
1627
1628

1638
1639
1640
1641

1619
1620
1621
1622
1623
1624

1629
1630
1631

1615
1616
1617
1618

I 1mm
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1655
1656
1657

KK RT519D
KM ROUTE FLOW TO ADOT CHANNEL
RS 1 FLOW -1



HEC"1 INPUT
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KK RTI-10
KM ROUTE FLOWS THROUGH OPEN CHANNEL ACROSS 1-10 R.O.W.
RS 1 FLOW -1
RC .015 .015 .015 750 .002
RX 0 10 20 44 54 78 88 98
RY 12 12 12 0 0 12 12 12
* ADD ADITIONAL AREA FOR BASN 15 AND AREA WEST OF BASIN

KK B1 Area west of Basin 15
KM CN=85 assumed (commercial, B soil)
BA 0.106
LS 85
UD 0.16
*

KK AD519F
KM COMBINE HYDROGRAPHS FROM RT519E AND DA519F
HC 2
*

KK AD519G
KM COMBINE HYDROGRAPHS FROM AD519F, DA519G, RT519D, &AD522E
HC 4
*
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74
6

74
6

70
5

64
6

60
5

•

54
6

50
5

.008
42
o

.005
40
o

600
32
o

3000
30
o

.015
20
6

.015
10
6

FLOW THROUGH ADOT CHANNEL TO BOTTOM OF DA519F
FLOW -1
.015 .015 2200 .002

10 20 32 42 54 64
6 6 0 066

.015
o
6

RTEB1
Route flow to Basin 15

1 FLOW -1
.015 .015 .015o 10 20
555

KK RT519E
KM ROUTE
RS 1
RC .015
RX 0
RY 6
*

RC
RX
RY
*
KK DA519E
BA .031
LS 85
UD .11
*

KK DA519F
BA .099
LS 85
UD .23
*

KK DA519G
BA 0.032
LS 81
UD .11
*

KK
KM
RS
RC
R)(
RY
*

1675
1676
1677

1665
1666
1667
1668
1669
1670

1658
1659
1660

1671
1672
1673
1674

1661
1662
1663
1664

LINE

1678
1679
1680
1681

1685
1686
1687
1688
1689
1690

1682
1683
1684

1691
1692
1693
1694
1695

1696
1697
1698
1699
1700
1701

•
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1702
1703
1704

KK ADI-10
KM COMBINE HYDROGRAPHS FROM RTI-10 AND RTEB1
HC 2•

05-26-1998 at 17:13:47

85

1705
1706
1707
1708
1709

KK
KM
BA
LS
UD•

B15
Drainage Area
0.129

0.25

of Retention Basin 15

ADBA15
COMBINE HYDROGRAPHS FROM ADI-10 AND B15

2

1710
1711
1712

1713
1714
1715
1716
1717
1718
1719
1720
1721
1722
1723
1724

LINE

1725
1726
1727
1728
1729
1730

1731
1732

KK
KM
HC· .• ORIGINAL SOUTH MOUNTAIN DATA•
KK PMP TI on-site pumpstation hydrograph.
BA 0.16
IN 10 145
QI 0 0 0 0 0 0 0 0 0 0
QI 0 0 0 0 0 0 0 0 0 0
QI 0 0 0 0 0 0 0 0 0 0
QI 0 0 0 0 0 0 0 0 0 0
QI 0 0 0 0 0 0 0 0 0 0
QI 0 0 0 0 0 0 0 0 0 0
QI 0 0 0 0 0 40 0 40 0 0
QI 41 41 83 209 210 211 51 51 11 11
QI 11 11 51 11 11 11 11 11 11 11

HEC-1 INPUT

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

QI 51 11 11 10 10 10 10 50 10 10
QI 10 10 50 10 10 10 10 10 10 10
QI 10 10 10 10 10 10 9 9 9 9
QI 49 9 9 9 9 9 9 9 9 9
QI 9 9 9 9 9 9 9 9 9 9
QI 9 9 9 9 9

KK ADPMP combine flows from IC onsite pumpstation and route thru basin.
HC 2•
• ·····Original ADOT BASIN 15 Desi9n Concept not used in this run.
• KK DET Route thru detention basIn S. si~e of SMF, outlet to Gila Floodw
• KM thru 54" RCP.
• RS 1 STOR 0
• SV 0 13.8 23.0 118.9 221.8 243.2 264.9 286.9 309.2 331
• SE 1143 1144.5 1145 1150 1155 1156 1157 1158 1159 11
• SQ 0 13 20 79 98 102 105 108 111 1• •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••
• PREVIOUS BASIN 15 ROUTINE KEPT FOR RECORD PURPOSES ONLY
• ••••••••••••*****************************************************************
• KK DIV1
• KM Divert initial flows into 50 af water quality retention cell.
• KO 1
• DT CELL1
• 01 0 100 101 3859
• DQ 0 100 0 0
* KK DIV2
• KM Divert Q above 800 cfs into main cell.
• KO 1
• DT CELL2
• 01 0 800 801 3859

PAGE 45
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REVISED BASIN 15 ROUTINE BY HDR JULY 1997
BOTH BASIN 15 AND FIRST FLUSH BASIN ARE RETENTION BASINS
*****************************************************************************
*****************************************************************************

•
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10000
10000

2840
2840

1848
1848

959
959

3059

313
313

4
4

o

FIRST 25 ac-ft INTO FIRST FLUSH BASIN, MAX. VOLUME 25 a.f.
25

10000
10000

Route thru combined cells.(Oewatered post-event)
OHW at 1164, emergency spillway at 1167.

Retrieve Cell 2 inflow.

Combine cells 1 and 2 for total volume.

Retrieve Cell 1 inflow.

Combine SMF/110/S.48th flow from Basin 15 with Santan Channel Flow
2

11 OW

RI10W
Route from SMF/110/Santan TI to Gila Drain FloOdway
1 FLOW -1

.035 0.018 0.035 4000 .002
o 2 14 26 36 49 61 63

1153 1154 1153 1147 1146.5 1153 1154 1153

Gila Floodway offsite Hydrology <GILA1b>
Proposed FloOdway using detentIon basins

B15FF
DIVERT
OIVFF

o
o

B15RCB
DIVERT ALL FLOW INTO BASIN 15. DIVERSION RATING CURVE COMPUTED BY
COMBING RATING CURVES OF 36" RCP WITH RATING CURVE OF WEIR INLET TO BASIN 15.

DIVB15
oo

KK
KM
OT
DI
DQ
*

* DQ 0
* KK RTRC1
* KM
* KO 3
* DR CELL1
* KK RTRC2
* KM
* KO 3
* DR CELL2
* KK BAS15
* KM* KO 0
* HC 2* KK RT 15
* KM -
* KM
* KO 1
* RC 1 STOR 0
* SV 0 300 350
* SE 1150 1164 1168
*SS 1167 100 3.1 1.5
* *****************************************************************************
* *****************************************************************************
**
*
*

KK
KM
KM
DT
01
OQ
** ************************************************************************
* ************************************************************************
* *************ENO SMF 48TH ST FILE***************************************
* ************************************************************************
* ************************************************************************
*

1744 KK
1745 KM
1746 HC

*

1747 KK
1748 KM
1749 RS
1750 RC
1751 RX
1752 RY

*
* ID
* ID

LINE

1733
1734
1735
1736
1737

1738
1739
1740
1741
1742
1743

•

SVRD05-2.0UT



05-26-1998 at 17:13:47

PAGE 47

67.3 94.9
27.0 28.0

981.6 2687.3

Gi la Floodway

from Santan Freeway drainage system
at Maricopa Road and 1-10

R3Gila
Route inflow through third cell of
Revised grading of cell 3

1 STOR 0
0.0 0.2 10.9 43.5 55.0

21.9 22.0 24.0 26.0 26.5
0.0 1.0 23.2 44.2 376.7

KK CGila
KM Combine Santan &east So. Mt. Frwy Q's @ U/S end of Gila Floodway
HC 2

***************QI LINES DELETED***********************
~*****************************************************

KKDETI10
KM Outflow hydro~raph from South Mountain Freeway
KM Detention BasIn @ interchange
BA 4.083
IN 5
*****************QI LINES DELETED********************
*****************************************************

KKCGilaB
KM Outflow hydrogra~

KM Outflow Hydrograph
BA30.859
IN 5

KK R1Gila
KM Route inflow through first cell of Gila Floodway
KM Revised embankment of cell 1
RS 1 STOR 0
SV 0.0 1.8 9.25 14.8 29.8 37.5 45.2 61.0
SE 34.5 35.5 36.5 37.0 38.0 38.5 39.0 40.0
SQ 0.0 7.4 23.0 30.0 40.0 281.6 720.0 1954.7
*

KK R2Gila
KM Route inflow through second cell of Gila Floodway
KM Revised embankment of cell 2
RS 1 STOR 0
SV 0.0 4.2 15.6 24.9 49.5 62.4 75.2 101.4
SE 30.5 31.5 32.5 33.0 34.0 34.5 35.0 36.0
SQ 0.0 7.4 23.0 30.0 40.0 281.6 720.0 1954.7
*

HEC-1 INPUT
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KK
~

KM
RS
SV
SE
SQ
** ****************************************************************************
* ****************************************************************************
*

* 10 HYDROLOGY FOR SEGMENT 1 of GILA FLOODWAY
* 10 1-10 TO 44th STREET
* 10 Inflow hydrographs from other analyses
* 10 Cells for detention - 110 to the Treatment Plant
* 10 100 year 24-Hour Storm - Aug 18, 1992 HDR - PHX
* IT 10 2000
* 10 4 0 0
* DIAGRAM
*
*
*
*
*
*
*
*
*
*
*
**
*
*
**
*
*
*
*

ZZ

SCHEMATIC DIAGRAM OF STREAM NETWORK

1767
1768
1769
1770
1771
1772
1773

1774

LINE

1760
1761
1762
1763
1764
1765
1766

1753
1754
1755
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1757
1758
1759
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SECT36••••••.•.•• : •••••.••••• :

LINE

NO.

66

100

134

138

172

176

210

217

219

223

230

233

236

242

246

253

256

264

268

303

305

(V) ROUTING

(.) CONNECTOR

bash

CHNDLR

· .cchand••.•..•.••••

interc

· .addTI ...•••••••••

basg
V
V

rbasg
V
V

rtbasg

· .cinter ••••.•••••••

MCSWL2

cbash •..•••••••. :
V
V

RT1

MCSWL3

COMB; ••••••.•••• :

SECT25
V
V

RT1

mccl in

cmcln••••••••••• :
V
V

RT2536

(---» DIVERSION OR PUMP FLOW

«---) RETURN OF DIVERTED OR PUMPED FLOW

SECT36
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RUSWL9

RUSWL8

RUSWL6

RUSWL3

RUSWL5
V
V

RT4

SECT10

RUSWL7

RUSWL2
V
V

RT2

COMB2 ••••••••••• : ••••••••••• :
V
V

RT5

SECT9

RUSWL4

RUSWL1
V
V

RT1

SW34 .••.••..••• : ••••••••••• : ••.•••••••• : .....•..••• :
V
V

RT35

COMB; ••••••••••• : ••••••••••• : ••••••••••• :
V
V

RT3

392

369

358

386

363

343

337

383

334

332

349

360

326

317

352

314

381

323

375

308
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404

SECT10
V
V

RT1

407 COMB; ••••••••••• : ••••••••••• :



SVRD05-2.0UT

410

413

419

425

428

431

437

443

446

449

455

458

464

467

470

476

479

482

488

491

497

503

•

v
V

RT2

SECT16

SECT15

. . .
COMB2 ..••••••...•••••••••.••.

V
V

RT3

SECT21
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***************************************
* ** U.S. ARMY CORPS OF ENGINEERS *
* HYDROLOGIC ENGINEERING CENTER *
* 609 SECOND STREET *
* DAVISA CALIFORNIA 95616 *
* (Y16) 551-1748 *
* ****************************************

FN: SVRD05-2.DAT May 1998 ADAPTED FROM SEVRDS.DAT (HDR 4/97)
This model has two revisions from the previous model.
1. Revised BASIN B and Outlet Channel routings to accomodate P-MIP

project overflows from the Gila Drain as described below.
2. ReVIsed Basin 15 from detention to retention so that flows will not
***~~~~~~;~*~~*~~;*~~~~2~*~~~~~;1*~~~i~i*~~;*;~;~~**~;;*~~~;*~;l~~******
HISTORY THIS MODEL: This model is a modification of ALT2c.DAT
developed by HDR for the Alternative Study for SEVRDS by HDR in
June 1995. SMF48TH.DAT(PRICE5) on the West side of 1-10 was included.
GILA1B.DAT(Gila Drain Floodway Model) was also included in this model.
ALT2c was a composite of HEC1 models from Price GEC Gila Drain Alternati
Drainage ReportLHDR,Feb 1993(Price/Santan/Gila Drain GILADRY.DAT model),
South Mountain treeway Concept Drainage Report, HDR, Feb 1993,(Segment V
PRICES.DAT model modified to SMF48th.DAT descrIbed oelow), and Gila
Drain Floodway Master Plan Re~ort, Feb 1993(GILA1B.DAT model). The
original model was developed for the Price Freeway drainage system as
reported in "Hydrology Study: Price Expressway", ADOT Contract 88-24,
Dec. 1989. The model criteria is provided in tnat report. The basic
model has not changed since 1989. The model continues to be the model
record because the model was used to design the upper part of the
SEVRDS/Santan Channel system on Price Freeway for the Galveston to Frye
Interim Project which included construction of Basin G.and the outlet to
the Santan Channel. .
***********************************************•••**********************
BASIN B DESIGN. Basin B was configured as a bypass basin in 1993. With

B15FF-------> DIVFF

. .
ADPMP ........•...

B15RCB-------> DIVB15

. .
I10W ••••.•.•.•.•

V
V
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V
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V
V

R3Gi la
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1731

(***) RUNOFF ALSO COMPUTED AT THIS LOCATION
1*****************************************
* ** FLOOD HYDROGRAPH PACKAGE (HEC-1) *
* JUN 09 1992 *
* VERSION 4.0.3E *
* ** RUN DATE OS/26/98 TIME 16:55:28 *
* ******************************************
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•

MINUTES IN COMPUTATION INTERVAL
STARTING DATE
STARTING TIME
NUMBER OF HYDROGRAPH ORDINATES
ENDING DATE
ENDING TIME
CENTURY MARK

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

5
o

0000
1000

o
1115

19

4

the formation of SEVRDS, the Basin was reconfigured as a multi-celled
basin with first flush containment cell a treatment cell and a large
retention cell to capture flows above 860 cfs.("lnitial Drainage Report
Santan Freeway:56th St to Price Rd and Gila Drain Floodway to Basin B,"
Wood Patel &Assoc. c Sept. 12, 1996.)
HDR prepared a detaIled design of the Basin B complex in Feb. 1997.
The size of Basin B was increased from 385(9/96.) to 450 af to limit bypa
flows to 900 cfs. This operation maximized the available storage on-sIte
and required moving the outlet channel to the west side of the Gila
Drain. This most recent model further optimized stora~e on site in
in Basin B to limit bypass flows to 800 cfs to allow GIla Drain
flows of up to 150 cfs to enter the outfall channel at the GRIC boundary

Basin B site has three basins: 1.First flush equalization/sedimentation
basin stores first 39 ac-ft of inflow into system. 2. A two-celled Watr
Quality Basin treats the first-flush post-event. This basin is not
included in the model. 3. An off-line retention basin, Basin B, has a
capacity of 450 ac-ft. Operation: The first flush is conveyed in the
Forebay Channel to Eq. Basin. Additional flow up to 804 cfs is bypassed
thru 3-10x4 control RCB to Outfall Chan. At about 600 cfs

6
flow begins

to spillover Basin B weir. At 100-yr J;leak of 2895 cfs c 8 4cfs is
discharQinQ to RCB and 2091 cfs is overflowinQ 1000' weIr into Basin B
*******w**w**********************************w**************************
SMF48th.DAT Model of the area west of 1-10 was significantly
changed in Feb. 1996 for the 48th St. ID study for Phoenix, including
the reconfiguration of Basin 15 as a retention basin as mentioned above.
A future connection of the 48th St.-Basin 15 to SEVRDS would be a pipe
to dewater Basin 15 ~ost-event. Basin 15 will not increase design
~r~;~=~~:*~!*~~:*~~~*~~*;~=~~:1*~~~r~2*~~:*:~:~~**********************

COMPUTATION INTERVAL 0.08 HOURS
TOTAL TIME BASE 83.25 HOURS

INITIAL ABSTRACTION USED TO REPRESENT DEVELOPMENT RETENTION PROVIDED
100 YEAR - 24 HOUR STORM
HDR - PHOENIX
FILENAME: SVRD0598.DAT 10/97 Version

OUTPUT CONTROL VARIABLES
IPRNT 5 PRINT CONTROL
IPLOT 0 PLOT CONTROL
QSCAL O. HYDROGRAPH PLOT SCALE

HYDROGRAPH TIME DATA
NMIN

IDATE
ITIME

NQ
NDDATE
NDTIME
ICENT

•

IT

64 10

ENGLISH UNITS
DRAINAGE AREA
PRECIPITATION DEPTH
LENGTH, ELEVATION
FLOW
STORAGE VOLUME
SURFACE AREA
TEMPERATURE

MANE2 NPLAN,NSTM 1 0
MANE2 NPLAN,NSTM 1 0
MANE2 NPLAN,NSTM 1 0
MANE2 NPLAN,NSTM 1 0
MANE2 NPLAN,NSTM 1 0
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*** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ***

672 KK

674 KO

675 HC

**************
* ** INBB *
* ***************

OUTPUT CONTROL VARIABLES
IPRNT 2 PRINT CONTROL
IPLOT 0 PLOT CONTROL
QSCAL O. HYDROGRAPH PLOT SCALE

HYDROGRAPH COMBINATION
ICOMP 2 NUMBER OF HYDROGRAPHS TO COMBINE

HANE2 NPLAN,NSTH
***

o
***********************************************************************************************************************************

HYDROGRAPH AT STATION INBB
SUM OF 2 HYDROGRAPHS
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*********************************************************************************************************************************** III* * *OA MaN HRMN ORO FLOW * OA MaN HRMN ORO FLOW * OA MaN HRMN ORO FLOW * OA MaN HRMN ORO FLOW m
* * * iii

1 0000 1 O. * 1 2050 251 852. * 2 1740 501 225. * 3 1430 751 46. iii
m1 0005 2 O. * 1 2055 252 853. * 2 1745 502 222. * 3 1435 752 46. iii1 0010 3 O. * 1 2100 253 854. * 2 1750 503 203. * 3 1440 753 46. iii1 0015 4 O. * 1 2105 254 855. * 2 1755 504 167. * 3 1445 754 46. !!l1 0020 5 O. * 1 2110 255 855. * 2 1800 505 125. * 3 1450 755 46. m1 0025 6 O. * 1 2115 256 856. * 2 1805 506 93. * 3 1455 756 46. m1 0030 7 O. * 1 2120 257 856. * 2 1810 507 10L * 3 1500 757 46. m1 0035 8 O. * 1 2125 258 856. * 2 1815 508 173. * 3 1505 758 46. iii1 0040 9 O. * 1 2130 259 856. * 2 1820 509 217. * 3 1510 759 46. iii1 0045 10 O. * 1 2135 260 856. * 2 1825 510 224. * 3 1515 760 46. i!!1 0050 11 O. * 1 2140 261 854. * 2 1830 511 224. * 3 1520 761 46.

1 0055 12 O. * 1 2145 262 824. * 2 1835 512 223. * 3 1525 762 46. !!!
iii1 0100 13 O. * 1 2150 263 741. * 2 1840 513 223. * 3 1530 763 46. iii1 0105 14 O. * 1 2155 264 634. * 2 1845 514 223. * 3 1535 764 46. iii1 0110 15 O. * 1 2200 265 566. * 2 1850 515 223. * 3 1540 765 46. iii1 0115 16 O. * 1 2205 266 609. * 2 1855 516 223. * 3 1545 766 46. !!!1 0120 17 O. * 1 2210 267 752. * 2 1900 517 223. * 3 1550 767 46. m1 0125 18 O. * 1 2215 268 837. * 2 1905 518 223. * 3 1555 768 46. iii1 0130 19 O. * 1 2220 269 856. * 2 1910 519 222. * 3 1600 769 46. iii1 0135 20 O. * 1 2225 270 870. * 2 1915 520 222. * 3 1605 770 46. !!!1 0140 21 O. * 1 2230 271 869. * 2 1920 521 222. * 3 1610 771 46. iii1 0145 22 O. * 1 2235 272 857. * 2 1925 522 222. * 3 1615 772 46. m1 0150 23 O. * 1 2240 273 851. * 2 1930 523 222. * 3 1620 773 46. m1 0155 24 O. * 1 2245 274 849. * 2 1935 524 222. * 3 1625 774 46. iii1 0200 25 O. * 1 2250 275 848. * 2 1940 525 222. * 3 1630 775 46. iii1 0205 26 O. * 1 2255 276 846. * 2 1945 526 218. * 3 1635 776 46. !!!1 0210 27 O. * 1 2300 277 845. * 2 1950 527 201. * 3 1640 777 46. iii1 0215 28 O. * 1 2305 278 844. * 2 1955 528 164. * 3 1645 778 46. iii1 0220 29 O. * 1 2310 279 842. * 2 2000 529 122. * 3 1650 779 46. m1 0225 30 O. * 1 2315 280 841. * 2 2005 530 90. * 3 1655 780 46. m1 0230 31 O. * 1 2320 281 839. * 2 2010 531 97. * 3 1700 781 46. m1 0235 32 O. * 1 2325 282 837. * 2 2015 532 164. * 3 1705 782 46. m1 0240 33 O. * 1 2330 283 836. * 2 2020 533 215. * 3 1710 783 46. iii1 0245 34 O. * 1 2335 284 835. * 2 2025 534 221. * 3 1715 784 46. m1 0250 35 O. * 1 2340 285 838. * 2 2030 535 221. * 3 1720 785 46. m1 0255 36 O. * 1 2345 286 816. * 2 2035 536 22L * 3 1725 786 46. iii1 0300 37 O. * 1 2350 287 730. * 2 2040 537 220. * 3 1730 787 46. iii1 0305 38 O. * 1 2355 288 610. * 2 2045 538 220. * 3 1735 788 46. iii1 0310 39 O. * 2 0000 289 523. * 2 2050 539 220. * 3 1740 789 46. iii1 0315 40 O. * 2 0005 290 559. * 2 2055 540 220. * 3 1745 790 46. iii1 0320 41 O. * 2 0010 291 711. * 2 2100 541 220. * 3 1750 791 46. iii1 0325 42 O. * 2 0015 292 799. * 2 2105 542 220. * 3 1755 792 46. !!!1 0330 43 O. * 2 0020 293 810. * 2 2110 543 220. * 3 1800 793 46. m1 0335 44 O. * 2 0025 294 805. * 2 2115 544 220. * 3 1805 794 46. iii1 0340 45 O. * 2 0030 295 800. * 2 2120 545 220. * 3 1810 795 46. !!!1 0345 46 O. * 2 0035 296 794. * 2 2125 546 220. * 3 1815 796 46. iii1 0350 47 O. * 2 0040 297 787. * 2 2130 547 220. * 3 1820 797 46. !!!1 0355 48 O. * 2 0045 298 779. * 2 2135 548 219. * 3 1825 798 46. m1 0400 49 O. * 2 0050 299 771. * 2 2140 549 219. * 3 1830 799 46. iii1 0405 50 O. * 2 0055 300 763. * 2 2145 550 216. * 3 1835 800 46. iii1 0410 51 O. * 2 0100 301 754. * 2 2150 551 198. * 3 1840 801 46. !!!1 0415 52 O. * 2 0105 302 745. * 2 2155 552 162. * 3 1845 802 46. iii1 0420 53 O. * 2 0110 303 736~ * 2 2200 553 121. * 3 1850 803 46. iii1 0425 54 O. * 2 0115 304 727. * 2 2205 554 89. * 3 1855 804 46. iii1 0430 55 O. * 2 0120 305 718. * 2 2210 555 92. * 3 1900 805 46. !!!1 0435 56 O. * 2 0125 306 708. * 2 2215 556 168. * 3 1905 806 46.

1 0440 57 O. * 2 0130 307 699. * 2 2220 557 212. * 3 1910 807 46.1 0445 58 O. * 2 0135 308 690. * 2 2225 558 219. * 3 1915 808 46.
1 0450 59 O. * 2 0140 309 678. * 2 223-0559 219. * 3 1920 80.9 46.1 0455 60 O. * 2 0145 310 643. * 2 2235 560 218. * 3 1925 810 46.1 0500 61 O. * 2 0150 311 560. * 2 2240 561 218. * 3 1930 811 46.1 0505 62 O. * 2 0155 312 454. * 2 2245 562 218. * 3 1935 812 46.

• • •
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0510 63 o. * 2 0200 313 373. * 2 2250 563 218. * 3 1940 813 46. iii
iii0515 64 o. * 2 0205 314 381. * 2 2255 564 218. * 3 1945 814 46. m0520 65 o. * 2 0210 315 519. * 2 2300 565 218. * 3 1950 815 46. iii0525 66 o. * 2 0215 316 603. * 2 2305 566 218. * 3 1955 816 46. iii0530 67 o. * 2 0220 317 616. * 2 2310 567 218. * 3 2000 817 46. iii0535 68 o. * 2 0225 318 611. * 2 2315 568 218. * 3 2005 818 46. iii0540 69 o. * 2 0230 319 604. * 2 2320 569 218. * 3 2010 819 46. iii0545 70 o. * 2 0235 320 597. * 2 2325 570 218. * 3 2015 820 46. iii0550 71 o. * 2 0240 321 591. * 2 2330 571 217. * 3 2020 821 46. iii0555 72 o. * 2 0245 322 584. * 2 2335 572 217. * 3 2025 822 46. m0600 73 o. * 2 0250 323 578. * 2 2340 573 217. * 3 2030 823 46. iii0605 74 o. * 2 0255 324 571. * 2 2345 574 214. * 3 2035 824 46. iii0610 75 o. * 2 0300 325 565. * 2 2350 575 197. * 3 2040 825 46. Ii!0615 76 o. * 2 0305 326 558. * 2 2355 576 161. * 3 2045 826 46. iii0620 77 o. * 2 0310 327 552. * 3 0000 577 120. * 3 2050 827 46. iii0625 78 o. * 2 0315 328 546. * 3 0005 578 88. * 3 2055 828 46. iii0630 79 O. * 2 0320 329 539. * 3 0010 579 88. * 3 2100 829 46. m0635 80 o. * 2 0325 330 533. * 3 0015 580 158. * 3 2105 830 46. iii0640 81 o. * 2 0330 331 527. * 3 0020 581 210. * 3 2110 831 46.

0645 82 o. * 2 0335 332 521. * 3 0025 582 216. * 3 2115 832 46. iii
iii0650 83 O. * 2 0340 333 515. * 3 0030 583 216. * 3 2120 833 46. iii0655 84 o. * 2 0345 334 492. * 3 0035 584 216. * 3 2125 834 46. iii0700 85 o. * 2 0350 335 428. * 3 0040 585 216. * 3 2130 835 46. iii0705 86 o. * 2 0355 336 337. * 3 0045 586 215. * 3 2135 836 46. m0710 87 o. * 2 0400 337 264. * 3 0050 587 215. * 3 2140 837 46. iii0715 88 o. * 2 0405 338 258. * 3 0055 588 214. * 3 2145 838 46. iii0720 89 o. * 2 0410 339 361. * 3 0100 589 206. * 3 2150 839 46. iii0725 90 o. * 2 0415 340 454. * 3 0105 590 183. * 3 2155 840 46. iii0730 91 o. * 2 0420 341 472. * 3 0110 591 149. * 3 2200 841 46. m0735 92 o. * 2 0425 342 469. * 3 0115 592 113. * 3 2205 842 46. iii0740 93 o. * 2 0430 343 463. * 3 0120 593 84. * 3 2210 843 46. iii0745 94 o. * 2 0435 344 458. * 3 0125 594 68. * 3 2215 844 46. m0750 95 o. * 2 0440 345 453. * 3 0130 595 61. * 3 2220 845 46. iii0755 96 o. * 2 0445 346 448. * 3 0135 596 59. * 3 2225 846 46. ill0800 97 o. * 2 0450 347 444. * 3 0140 597 59. * 3 2230 847 46. iii0805 98 o. * 2 0455 348 439. * 3 0145 598 59. * 3 2235 848 46. iii0810 99 o. * 2 0500 349 435. * 3 0150 599 59. * 3 2240 849 46. m0815 100 o. * 2 0505 350 430. * 3 0155 600 56. * 3 2245 850 46. iii0820 101 o. * 2 0510 351 426. * 3 0200 601 49. * 3 2250 851 46. m0825 102 o. * 2 0515 352 422. * 3 0205 602 39. * 3 2255 852 46. iii0830 103 o. * 2 0520 353 417. * 3 0210 603 31. * 3 2300 853 46. iii0835 104 o. * 2 0525 354 413. * 3 0215 604 26. * 3 2305 854 46. iii0840 105 o. * 2 0530 355 409. * 3 0220 605 33. * 3 2310 855 46. !!!0845 106 o. * 2 0535 356 405. * 3 0225 606 50. * 3 2315 856 46. iii0850 107 o. * 2 0540 357 400. * 3 0230 607 58. * 3 2320 857 46. iii0855 108 o. * 2 0545 358 384. * 3 0235 608 58. * 3 2325 858 46. iii0900 109 o. * 2 0550 359 339. * 3 0240 609 58. * 3 23~0 859 46. iii0905 110 o. * 2 0555 360 269. * 3 0245 610 58. * 3 2335 860 46. iii0910 111 o. * 2 0600 361 204. * 3 0250 611 58. * 3 2340 861 46. iii0915 112 o. * 2 0605 362 186. * 3 0255 612 58. * 3 2345 862 46. iii0920 113 o. * 2 0610 363 254. * 3 0300 613 57. * 3 2350 863 46. iii0925 114 o. * 2 0615 364 348. * 3 0305 614 57. * 3 2355 864 46. iii0930 115 o. * 2 0620 365 368. * 3 0310 615 57. * 4 0000 865 46. iii0935 116 o. * 2 0625 366 367. * 3 0315 616 57. * 4 0005 866 46. iii0940 117 o. * 2 0630 367 364. * 3 0320 617 57. * 4 0010 867 46. iii0945 118 o. * 2 0635 368 360. * 3 0325 618 57. * 4 0015 868 46. Iii0950 119 o. * 2 0640 369 357. * 3 0330 619 57. * 4 0020 869 46. iii0955 120 o. * 2 0645 370 354. * 3 0335 620 57. * 4 0025 870 46. iii1000 121 o. * 2 0650 371 350. * 3 0340 621 57. * 4 0030 871 46. m1005 122 o. * 2 0655 372 347. * 3 0345 622 56. * 4 0035 872 46. Hi1010 123 o. * 2 0700 373 344. * 3 0350 623 56. * 4 0040 873 46. iii1015 124 o. * 2 0705 374 341. * 3 0355 624 54. * 4 0045 874 46. Hi1020 125 O. * 2 0710 375 338. * 3 0400 625 47. * 4 0050 875 46.

1025 126 o. * 2 0715 376 335. * 3 0405 626 38. * 4 0055 876 46.
1030 127 o. * 2 0720 377 332. * 3 0410 627 29. * 4 0100 877 46.
1035 128 o. * 2 0725 378 329. * 3 0415 628 25. * 4 0105 878 46.
1040 129 O. * 2 0730 379 326. * 3 0420 629 31. * 4 0110 879 46.
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1 1045 130 O. • 2 0735 380 323. • 3 0425 630 50. • 4 0115 880 46. iii
1 1050 131 1. • 2 0740 381 320. • 3 0430 631 55. • 4 0120 881 46. iii
1 1055 132 8. • 2 0745 382 311. • 3 0435 632 55. • 4 0125 882 46. iii
1 1100 133 15. • 2 0750 383 277. * 3 0440 633 55. • 4 0130 883 46. iii
1 1105 134 10. • 2 0755 384 224. • 3 0445 634 55. * 4 0135 884 46. iii

iii1 1110 135 7. • 2 0800 385 170. • 3 0450 635 55. • 4 0140 885 46. !!!1 1115 136 5. • 2 0805 386 143. • 3 0455 636 55. • 4 0145 886 46.
1 1120 137 4. • 2 0810 387 185. • 3 0500 637 55. • 4, 0150 887 46. iii

iii1 1125 138 4. • 2 0815 388 272. • 3 0505 638 55. * 4 0155 888 46. !!!1 1130 139 5. • 2 0820 389 301. • 3 0510 639 55. • 4 0200 889 46. iii1 1135 140 10. • 2 0825 390 303. • 3 0515 640 55. • 4 0205 890 46. i!!1 1140 141 14. • 2 0830 391 301. • 3 0520 641 54. • 4 0210 891 46.
1 1145 142 27. • 2 0835 392 300. • 3 0525 642 54. • 4 0215 892 46. iii
1 1150 143 42. • 2 0840 393 299. • 3 0530 643 54. * 4 0220 893 46. iii
1 1155 144 48. • 2 0845 394 298. • 3 0535 644 54. • 4 0225 894 46. iii
1 1200 145 50. • 2 0850 395 296. • 3 0540 645 54. • 4 0230 895 46. iii
1 1205 146 51. • 2 0855 396 295. • 3 0545 646 54. • 4 0235 896 46. iii
1 1210 147 119. • 2 0900 397 294. • 3 0550 647 53. * 4 0240 897 46. iii

iii1 1215 148 352. • 2 0905 398 293. • 3 0555 648 51. • 4 0245 898 46. i!!1 1220 149 645. • 2 0910 399 291. • 3 0600 649 45. • 4 0250 899 46.
1 1225 150 830. • 2 0915 400 290. • 3 0605 650 37. • 4 0255 900 46. iii

iii1 1230 151 964. • 2 0920 401 289. • 3 0610 651 29. • 4 0300 901 46. iii1 1235 152 1062. • 2 0925 402 288. • 3 0615 652 24. • 4 0305 902 46. !!!1 1240 153 1127. • 2 0930 403 286. • 3 0620 653 29. • 4 0310 903 46.
1 1245 154 1151. • 2 0935 404 285. • 3 0625 654 44. • 4 0315 904 46. iii
1 1250 155 1347. • 2 0940 405 284. • 3 0630 655 52. • 4 0320 905 46. iii
1 1255 156 1705. • 2 0945 406 276. * 3 0635 656 53. • 4 0325 906 46. m
1 1300 157 1978. • 2 0950 407 250. • 3 0640 657 53. • 4 0330 907 46. iii

iii1 1305 158 2184. • 2 0955 408 202. • 3 0645 658 53. • 4 0335 908 46. !!!1 1310 159 2347. • 2 1000 409 153. • 3 0650 659 53. • 4 0340 909 46.
1 1315 160 2513. • 2 1005 410 121. • 3 0655 660 53. • 4 0345 910 46. iii
1 1320 161 2674. • 2 1010 411 155. • 3 0700 661 53. • 4 0350 911 46. iii
1 1325 162 2792. • 2 1015 412 238. • 3 0705 662 52. • 4 0355 912 46. iii

iii1 1330 163 2863. • 2 1020 413 270. • 3 0710 663 52. • 4 0400 913 46. iii1 1335 164 2885. • 2 1025 414 273. • 3 0715 664 52. * 4 0405 914 46.
1 1340 165 2822. • 2 1030 415 272. • 3 0720 665 52. • 4 0410 915 46. iii
1 1345 166 2652. • 2 1035 416 271. • 3 0725 666 52. • 4 0415 916 46. m
1 1350 167 2378: • 2 1040 417 270. • 3 0730 667 52. • 4 0420 917 46. !!!
1 1355 168 2105. • 2 1045 418 269. • 3 0735 668 52. • 4 0425 918 46. iii
1 1400 169 1955. • 2 1050 419 268. • 3 0740 669 52. • 4 0430 919 46. iii

iii1 1405 170 2012. • 2 1055 420 267. • 3 0745 670 52. • 4 0435 920 46. !!!1 1410 171 2138. • 2 1100 421 266. • 3 0750 671 52. • 4 0440 921 46.
1 1415 172 2136. • 2 1105 422 265. • 3 0755 672 51. • 4 0445 922 46. iii

iii1 1420 173 2070. • 2 1110 423 264. • 3 0800 673 45. • 4 0450 923 46. iii1 1425 174 2019. • 2 1115 424 263. • 3 0805 674 36. • 4 0455 924 46. !!!1 1430 175 1981. • 2 1120 425 261. • 3 0810 675 28. • 4 0500 925 46. iii1 1435 176 1967. • 2 1125 426 260. • 3 0815 676 22. • 4 0505 926 46. iii1 1440 177 1952. • 2 1130 427 259. • 3 0820 677 24. • 4 0510 927 46. iii1 1445 178 1911. • 2 1135 428 258. • 3 0825 678 46. • 4 0515 928 46. !!!1 1450 179 1848. • 2 1140 429 257. • 3 0830 679 51. • 4 0520 929 46. iii1 1455 180 1783. • 2 1145 430 252. • 3 0835 680 51. • 4 0525 930 46. iii1 1500 181 1737. • 2 1150 431 229. • 3 0840 681 51. • 4 0530 931 46. i!!1 1505 182 1685. • 2 1155 432 186. • 3 0845 682 51. • 4 0535 932 46.
1 1510 183 1625. • 2 1200 433 141. • 3 0850 683 50. • 4 0540 933 46. iii
1 1515 184 1575. • 2 1205 434 108. * 3 0855 684 50. • 4 0545 934 46. m
1 1520 185 1531. • 2 1210 435 130. * 3 0900 685 50. • 4 0550 935 46. iii

iii1 1525 186 1491. • 2 1215 436 212. • 3 0905 686 50. • 4 0555 936 46. m1 1530 187 1464. • 2 1220 437 245. * 3 0910 687 50. • 4 0600 937 46. iii1 1535 188 1424. • 2 1225 438 249. • 3 0915 688 50. • 4 0605 938 46. m1 1540 189 1372. • 2 1230 439 248. • 3 0920 689 50. • 4 0610 939 46. iii1 1545 190 1304. • 2 1235 440 247. • 3 0925 690 50. • 4 0615 940 46. m1 1550 191 1195. • 2 1240 441 246. • 3 0930 691 50. • 4 0620 941 46.
1 1555 192 1075. • 2 1245 442 245. • 3 0935 692 50. • 4 0625 942 46. iii
1 1600 193 1000. • 2 1250 443 244. • 3 0940 693 49. • 4 0630 943 46.
1 16-05 194 1032. • 2 1255 444 243. • 3 lJ945 694 49. • 4 0635 944 46.
1 1610 195 1130. • 2 1300 445 242. • 3 0950 695 49. • 4 0640 945 46.
1 1615 196 1155. • 2 1305 446 241. • 3 0955 696 48. • 4 0645 946 46 .

• • •
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1 1620 197 1127. * 2 1310 447 241. * 3 1000 697 43. * 4 0650 947 46. iii
1 1625 198 1097. * 2 1315 448 240. * 3 1005 698 34. * 4 0655 948 46. iii
1 1630 199 1074. * 2 1320 449 239. * 3 1010 699 27. * 4 0700 949 46. Hi

iii1 1635 200 1051. * 2 1325 450 238. * 3 1015 700 21. * 4 0705 950 46. m1 1640 201 1030. * 2 1330 451 237. * 3 1020 701 23. * 4 0710 951 46. iii1 1645 202 1010. * 2 1335 452 237. * 3 1025 702 37. * 4 0715 952 46. iii1 1650 203 993. * 2 1340 453 236. * 3 1030 703 47. * 4 0720 953 46. iii1 1655 204 987. * 2 1345 454 232. * 3 1035 704 48. * 4 0725 954 46. iii1 1700 205 972. * 2 1350 455 212. * 3 1040 705 48. * 4 0730 955 46. iff1 1705 206 942. * 2 1355 456 174. * 3 1045 706 48. * 4 0735 956 46. iii1 1710 207 920. * 2 1400 457 131. * 3 1050 707 48. * 4 0740 957 46. m1 1715 208 903. * 2 1405 458 99. * 3 1055 708 48. * 4 0745 958 46. iii1 1720 209 886. * 2 1410 459 112. * 3 1100 709 47. * 4 0750 959 46. iii1 1725 210 871. * 2 1415 460 189. * 3 1105 710 47. * 4 0755 960 46. iii1 1730 211 855. * 2 1420 461 227. * 3 1110 711 47. * 4 0800 961 46. m1 1735 212 841. * 2 1425 462 233. * 3 1115 712 47. * 4 0805 962 46. iii1 1740 213 834. * 2 1430 463 233. * 3 1120 713 47. * 4 0810 963 46. iii1 1745 214 834. * 2 1435 464 232. * 3 1125 714 47. * 4 0815 964 46. iii1 1750 215 783. * 2 1440 465 232. * 3 1130 715 47. * 4 0820 965 46. m1 1755 216 690. * 2 1445 466 232. * 3 1135 716 47. * 4 0825 966 46. iii1 1800 217 628. * 2 1450 467 232. * 3 1140 717 46. * 4 0830 967 46. m1 1805 218 662. * 2 1455 468 231. * 3 1145 718 46. * 4 0835 968 46. iii1 1810 219 775. * 2 1500 469 231. * 3 1150 719 46. * 4 0840 969 46. m1 1815 220 838. * 2 1505 470 231. * 3 1155 720 46. * 4 0845 970 46. iii1 1820 221 850. * 2 1510 471 231. * 3 1200 721 46. * 4 0850 971 46. iii1 1825 222 848. * 2 1515 472 230. * 3 1205 722 46. * 4 0855 972 46. iii1 1830 223 844. * 2 1520 473 230. * 3 1210 723 46. * 4 0900 973 46. m1 1835 224 842. * 2 1525 474 230. * 3 1215 724 46. * 4 0905 974 46. iii1 1840 225 840. * 2 1530 475 230. * 3 1220 725 46. * 4 0910 975 46. iii1 1845 226 840. * 2 1535 476 230. * 3 1225 726 46. * 4 0915 976 46. iii1 1850 227 841. * 2 1540 477 229. * 3 1230 727 46. * 4 0920 977 46. iii1 1855 228 842. * 2 1545 478 225. * 3 1235 728 46. * 4 0925 978 46. m1 1900 229 844. * 2 1550 479 208. * 3 1240 729 46. * 4 0930 979 46. iii1 1905 230 846. * 2 1555 480 169. * 3 1245 730 46. * 4 0935 980 46. iii1 1910 231 849. * 2 1600 481 126. * 3 1250 731 46. * 4 0940 981 46. iii1 1915 232 863. * 2 1605 482 95. * 3 1255 732 46. * 4 0945 982 46. m1 1920 233 865. * 2 1610 483 105. * 3 1300 733 46. * 4 0950 983 46. iii1 1925 234 853. * 2 1615 484 174. * 3 1305 734 46. * 4 0955 984 46. iii1 1930 235 849. * 2 1620 485 223. * 3 1310 735 46. * 4 1000 985 46. m1 1935 236 848. * 2 1625 486 227. * 3 1315 736 46. * 4 1005 986 46. iii1 1940 237 845. * 2 1630 487 227. * 3 1320 737 46. * 4 1010 987 46. iii1 1945 238 819. * 2 1635 488 227. * 3 1325 738 46. * 4 1015 988 46.
1 1950 239 746. * 2 1640 489 227. * 3 1330 739 46. * 4 1020 989 46. iii
1 1955 240 646. * 2 1645 490 227. * 3 1335 740 46. * 4 1025 990 46. iii

iii1 2000 241 579. * 2 1650 491 227. * 3 1340 741 46. * 4 1030 991 46. m1 2005 242 622. * 2 1655 492 226. * 3 1345 742 46. * 4 1035 992 46.
1 2010 243 756. * 2 1700 493 226. * 3 1350 743 46. * 4 1040 993 46. iii

iii1 2015 244 829. * 2 1705 494 226. * 3 1355 744 46. * 4 1045 994 46. iii1 2020 245 845. * 2 1710 495 226. * 3 1400 745 46. * 4 1050 995 46. m1 2025 246 846. * 2 1715 496 226. * 3 1405 746 46. * 4 1055 996 46.
1 2030 247 847. * 2 1720 497 226. * 3 1410 747 46. * 4 1100 997 46. iii
1 2035 248 848. * 2 1725 498 225. * 3 1415 748 46. * 4 1105 998 46. iii

iii1 2040 249 849. * 2 1730 499 225. * 3 1420 749 46. * 4 1110 999 46. m1 2045 250 850. * 2 1735 500 225. * 3 1425 750 46. * 4 1115 1000 46. iii* * *
***********************************************************************************************************************************

iii
iii

PEAK FLOW TIME MAXIMUM AVERAGE FLOW m
6-HR 24-HR 72-HR 83.25-HR m

+ (CFS) (HR) m
iii(CFS) iii+ 2885. 13.58 1478. 770. 316. 274.

(INCHES) 0.461 0.962 1.185 1.185 iii
iii(AC- FT) 733. 1528. 1883. 1883. Hi

CUMULATIVE AREA = 29.79 SQ MI iii
m



•

1 NUMBER OF SUBREACHES
STOR TYPE OF INHIAL CONDITION
0.00 INITIAL CONDITION
0.00 WORKING RAND 0 COEFFICIENT

STORAGE 0.0 3.0 34.0 35.0 36.0 38.0 44.0 47.0 51.0

ELEVATION 1141.00 1150.10 1151.00 1151.30 1152.13 1153.09 1153.70 1154.00 1154.50

DISCHARGE O. O. O. 139. 300. 500. 636. 1497. 3194.

***

OUTPUT CONTROL VARIABLES
IPRNT 2 PRINT CONTROL
IPLOT 0 PLOT CONTROL
QSCAL O. HYDROGRAPH PLOT SCALE

HYDROGRAPH ROUTING DATA

STORAGE ROUTI NG
NSTPS

ITYP
RSVRIC

X

**************
* ** RFBAY *
* ***************

685 SV

686 SE

687 SQ

684 RS

683 KO

676 KK

*** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ****** *** *** *** ***

*** WARNING *** MODIFIED PULS ROUTING MAY BE NUMERICALLY UNSTABLE FOR OUTFLOWS BETWEEN 1497. TO 3194.
THE ROUTED HYDROGRAPH SHOULD BE EXAMINED FOR OSCILLATIONS OR OUTFLOWS GREATER THAN PEAK INFLOWS.
THIS CAN BE CORRECTED BY DECREASING THE TIME INTERVAL OR INCREASING STORAGE (USE A LONGER REACH.)

***********************************************************************************************************************************

HYDROGRAPH AT STATION RFBAY

***********************************************************************************************************************************
* *

DA MON HRMN ORO OUTFLOW STORAGE STAGE * DA MON HRMN ORO OUTFLOW STORAGE STAGE * DA MON HRMN ORD OUTFLOW STORAGE STAGE
* *

1 0000 1 O. 0.0 1141.0 * 2 0350 335 529. 39.3 1153.2 * 3 0740 669 52. 34.4 115L 1
1 0005 2 O. 0.0 1141.0 * 2 0355 336 507. 38.3 1153.1 * 3 0745 670 52. 34.4 1151.1
1 0010 3 O. 0.0 1141.0 * 2 0400 337 420. 37.2 1152.7 * 3 0750 671 52. 34.4 1151. 1
1 0015 4 O. 0.0 1141.0 * 2 0405 338 339. 36.4 1152.3 * 3 0755 672 51. 34.4 1151. 1
1 0020 5 O. 0.0 1141.0 * 2 0410 339 324. 36.2 1152.2 * 3 0800 673 49. 34.4 1151.1
1 0025 6 O. 0.0 1141.0 * 2 0415 340 367. 36.7 1152.5 * 3 0805 674 44. 34.3 1151.1
1 0030 7 O. 0.0 1141.0 * 2 0420 341 416. 37.2 1152.7 * 3 0810 675 36. 34.3 1151.1
1 0035 8 O. 0.0 1141.0 * 2 0425 342 444. 37.4 1152.8 * 3 0815 676 29. 34.2 1151.1
1 0040 9 O. 0.0 1141.0 * 2 0430 343 455. 37.6 1152.9 * 3 0820 677 25. 34.2 1151.1
1 0045 10 O. 0.0 1141.0 * 2 0435 344 458. 37.6 1152.9 * 3 0825 678 32. 34.2 1151.1
1 0050 11 O. 0.0 1141.0 * 2 0440 345 457. 37.6 1152.9 * 3 0830 679 43. 34.3 1151.1
1 0055 12 O. 0.0 1141.0 * 2 0445 346 454. 37.5 1152.9 * 3 0835 680 48. 34.3 1151. 1
1 0100 13 O. 0.0 1141.0 * 2 0450347 450. 37.5 1152.8 * 3 0840 681 :50. 34.4 1151.1
1 0105 14 O. 0.0 1141.0 * 2 0455 348 445. 37.5 1152.8 * 3 0845 682 50. 34.4 1151.1
1 0110 15 O. 0.0 1141.0 * 2 0500 349 441. 37.4 1152.8 * 3 0850683 50. 34.4 1151.1
1 0115 16 O. 0.0 1141.0 * 2 0505 350 437. 37.4 1152.8 * 3 0855 684 50. 34.4 1151. 1
1 0120 17 O. 0.0 1141.0 * 2 0510 351 432. 37.3 1152.8 * 3 0900 685 50. 34.4 1151.1
1 0125 18 O. 0.0 1141.0 * 2 0515 352 428. 37.3 1152.7 * 3 0905 686 50. 34.4 1151.1
1 0130 19 O. 0.0 1141.0* 2 0520 353 424. 37.2 1152.7 * 3 0910687 ·50. 34.4 1151.1
1 0135 20 O. 0.0 1141.0 * 2 0525 354 419. 37.2 1152.7 * 3 0915 688 50. 34.4 1151. 1
1 0140 21 O. 0.0 1141.0 * 2 0530 355 415. 37;2 1152.7 * 3 0920 689 50. 34.4 1151.1
1 0145 22 O. 0.0 1141.0 * 2 0535 356 411. 37.1 1152.7 * 3 0925 690 50. 34.4 1151.1

::::::::mmmmmmU:::l:::::::::::::mm!!!i!!!i:m!!!:
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1 0150 23 o. 0.0 1141.0 * 2 0540 357 407. 37.1 1152.6 * 3 0930 691 50. 34.4 1151.1 !!!
iii1 0155 24 O. 0.0 1141.0 * 2 0545 358 399. 37.0 1152.6 * 3 0935 692 50. 34.4 1151.1 iii1 0200 25 O. 0.0 1141.0 * 2 0550 359 380. 36.8 1152.5 * 3 0940 693 50. 34.4 1151.1 m1 0205 26 O. 0.0 1141.0 * 2 0555 360 341. 36.4 1152.3 * 3 0945 694 49. 34.4 1151.1 iii1 0210 27 o. 0.0 1141.0 * 2 0600 361 283. 35.9 1152.0 * 3 0950 695 49. 34.4 1151.1 iii1 0215 28 o. 0.0 1141.0 * 2 0605 362 220. 35.5 1151.7 * 3 0955 696 49. 34.4 1151.1 iii1 0220 29 o. 0.0 1141.0 * 2 0610 363 220. 35.5 1151.7 * 3 1000 697 47. 34.3 1151.1 iii1 0225 30 O. 0.0 1141.0 * 2 0615 364 278. 35.9 1152.0 * 3 1005 698 41. 3Z·3 1151.1 iii1 0230 31 O. 0.0 1141.0 * 2 0620 365 325. 36.3 1152.3 * 3 1010 699 34. 3 .2 1151.1 iii1 0235 32 O. 0.0 1141.0 * 2 0625 366 347. 36.5 1152.4 * 3 1015 700 28. 34.2 1151.1 m1 0240 33 O. 0.0 1141.0 * 2 0630 367 357. 36.6 1152.4 * 3 1020 701 24. 34.2 1151.1 iii1 0245 34 o. 0.0 1141.0 * 2 0635 368 359. 36.6 1152.4 * 3 1025 702 28. 34.2 1151.1 iii1 0250 35 o. 0.0 1141.0 * 2 0640 369 359. 36.6 1152.4 * 3 1030 703 37. 34.3 1151.1 iii1 0255 36 O. 0.0 1141.0 * 2 0645 370 357. 36.6 1152.4 * 3 1035 704 44. 34.3 1151.1 iii1 0300 37 O. 0.0 1141.0* 2 0650 371 355. 36.5 1152.4 * 3 1040 705 47. 34.3 1151.1 iii1 0305 38 O. 0.0 1141.0 * 2 0655 372 352. 36.5 1152.4 * 3 1045 706 47. 34.3 1151.1 m1 0310 39 O. 0.0 1141.0 * 2 0700 373 348. 36.5 1152.4 * 3 1050 707 48. 34.3 1151.1 m1 0315 40 O. 0.0 1141.0 * 2 0705 374 345. 36.5 1152.3 * 3 1055 708 48. 34.3 1151.1 iii1 0320 41 O. 0.0 1141.0 * 2 0710 375 342. 36.4 1152.3 * 3 1100 709 48. 34.3 1151.1 iii1 0325 42 O. 0.0 1141.0 * 2 0715 376 339. 36.4 1152.3 * 3 1105 710 47. 34.3 1151.1 iii1 0330 43 O. 0.0 1141.0 * 2 0720 377 336. 36.4 1152.3 * 3 1110 711 47. 34.3 1151.1 iii1 0335 44 O. 0.0 1141.0 * 2 0725 378 333. 36.3 1152.3 * 3 1115 712 47. 34.3 1151.1 iii1 0340 45 o. 0.0 1141.0 * 2 0730 379 330. 36.3 1152.3 * 3 1120 713 47. 34.3 1151.1 iii1 0345 46 O. 0.0 1141.0 * 2 0735 380 327. 36.3 1152.3 * 3 1125 714 47. 34.3 1151.1 m1 0350 47 O. 0.0 1141.0 * 2 0740 381 324. 36.2 1152.2 * 3 1130 715 47. 34.3 1151.1 iii1 0355 48 o. 0.0 1141.0 * 2 0745 382 320. 36.2 1152.2 * 3 1135 716 47. 34.3 1151.1 !!!1 0400 49 O. 0.0 1141.0 * 2 0750 383 307. 36.1 1152.2 * 3 1140 717 47. 34.3 1151.1 iii1 0405 50 O. 0.0 1141.0 * 2 0755 384 269. 35.8 1152.0 * 3 1145 718 47. 34.3 1151.1

1 0410 51 O. 0.0 1141.0 * 2 0800 385 218. 35.5 1151.7* 3 1150 719 46. 34.3 1151.1
1 0415 52 O. 0.0 1141.0 * 2 0805 386 174. 35.2 1151.5 * 3 1155 720 46. 34.3 1151.1
1 0420 53 O. 0.0 1141.0 * 2 0810 387 167. 35.2 1151.4 * 3 1200 721 46. 34.3 1151.1
1 0425 54 O. 0.0 1141.0 * 2 0815 388 211. 35.4 1151.7* 3 1205 722 46. 34.3 1151.1
1 0430 55 O. 0.0 1141.0 * 2 0820 389 265. 35.8 1151.9 * 3 1210 723 46. 34.3 1151.1
1 0435 56 O. 0.0 1141.0 * 2 0825 390 291. 35.9 1152.1 * 3 1215 724 46. 34.3 1151.1
1 0440 57 O. 0.0 1141.0 * 2 0830 391 299. 36.0 1152.1 * 3 1220 725 46. 34.3 1151.1
1 0445 58 O. 0.0 1141.0 * 2 0835 392 300. 36.0 1152.1 * 3 1225 726 46. 34.3 1151.1
1 0450 59 O. 0.0 1141.0 * 2 0840 393 300. 36.0 1152.1 * 3 1230 727 46. 34.3 1151.1
1 0455 60 o. 0.0 1141.0 * 2 0845 394 299. 36.0 1152.1 * 3 1235 728 46. 34.3 1151.1
1 0500 61 O. 0.0 1141.0 * 2 0850 395 297. 36.0 1152.1 * 3 1240 729 46. 34.3 1151.1
1 0505 62 O. 0.0 1141.0 * 2 0855 396 296. 36.0 1152.1 * 3 1245 730 46. 34.3 1151.1
1 0510 63 O. 0.0 1141.0 * 2 0900 397 295. 36.0 1152.1 * 3 1250 731 46. 34.3 1151.1
1 0515 64 O. 0.0 1141.0 * 2 0905 398 294. 36.0 1152.1 * 3 1255 732 46. 34.3 1151.1
1 0520 65 o. 0.0 1141.0 * 2 0910 399 292. 36.0 1152.1 * 3 1300 733 46. 34.3 1151.1
1 0525 66 o. 0.0 1141.0 * 2 0915 400 291. 35.9 1152.1 * 3 1305 734 46. 34.3 1151.1
1 0530 67 o. 0.0 1141.0 * 2 0920 401 290. 35.9 1152.1 * 3 1310 735 46. 34.3 1151.1
1 0535 68 o. 0.0 1141.0 * 2 0925 402 289. 35.9 1152.1 * 3 1315 736 46. 34.3 1151.1
1 0540 69 O. 0.0 1141.0 * 2 0930 403 288. 35.9 1152.1 * 3 1320 737 46. 34.3 1151.1
1 0545 70 O. 0.0 1141.0 * 2 0935 404 286. 35.9 1152.1 * 3 1325 738 46. 34.3 1151.1
1 0550 71 O. 0.0 1141.0 * 2 0940 405 285. 35.9 1152.1 * 3 1330 739 46. 34.3 1151.1
1 0555 72 o. 0.0 1141.0 * 2 0945 406 281. 35.9 1152.0 * 3 1335 740 46. 34.3 1151.1
1 0600 73 O. 0.0 1141.0 * 2 0950 407 268. 35.8 1152.0 * 3 1340 741 46. 34.3 1151.1
1 0605 74 o. 0.0 1141.0 * 2 0955 408 238. 35.6 1151.8 * 3 1345 742 46. 34.3 1151.1
1 0610 75 o. 0.0 1141.0 * 2 1000 409 195. 35.3 1151.6 * 3 1350 743 46. 34.3 1151.1
1 0615 76 o. 0.0 1141.0 * 2 1005 410 154. 35.1 1151.4 * 3 1355 744 46. 34.3 1151.1
1 0620 77 o. 0.0 1141.0 * 2 1010 411 143. 35.0 1151.3 * 3 1400 745 46. 34.3 1151.1
1 0625 78 o. 0.0 1141.0 * 2 1015 412 181. 35.3 1151.5 * 3 1405 746 46. 34.3 1151.1
1 0630 79 o. 0.0 1141.0 * 2 1020 413 233. 35.6 1151.8 * 3 1410 747 46. 34.3 1151.1
1 0635 80 o. 0.0 1141.0 * 2 1025 414 261. 35.8 1151.9 * 3 1415 748 ,46. 34.3 1151.1
1 0640 81 o. 0.0 1141.0 * 2 1030 415 269. 35.8 1152.0 * 3 1420 749 46. 34.3 1151.1
1 0645 82 O. 0.0 1141.0 * 2 1035 416 271. 35.8 1152.0 * 3 1425 750 46. 34.3 1151.1
1 0650 83 o. 0.0 1141.0 * 2 1040 417 271. 35.8 1152.0 * 3 1430 751 46. 34.3 1151.1
1 0655 84 O. 0.0 1141.0 * 2 1045 418 270. 35.8 1152.0 * 3 1435 752 46. 34.3 1151.1
1 0700 85 O. 0.0 1141.0 * 2 1050 419 269. 35.8 1152.0 * 3 1440753 46. 34.3 1151.1
1 0705 86 o. 0.0 1141.0 * 2 1055 420 268. 35.8 1152.0 * 3 1445 754 46. 34.3 1151.1
1 0710 87 o. 0.0 1141.0 * 2 1100 421 267. 35.8 1152.0 * 3 1450 755 46. 34.3 1151.1
1 0715 88 o. 0.0 1141.0 * 2 1105 422 266. 35.8 1152.0 * 3 1455 756 46. 34.3 1151.1
1 0720 89 O. 0.0 1141.0 * 2 1110 423 265. 35.8 1151.9 * 3 1500 757 46. 34.3 1151.1
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1 1300 157 1903. 48.0 1154.1 * 2 1650 491 227. 35.5 1151.8 * 3 2040 825 46. 34.3 1151.1 iii

iii1 1305 158 2115. 48.5 1154.2 * 2 1655 492 227. 35.5 1151.8 * 3 2045 826 46. 34.3 1151.1 !!l1 1310 159 2294. 48.9 1154.2 * 2 1700 493 226. 35.5 1151.8 * 3 2050 827 46. 34.3 1151.1 iii1 1315 160 2456. 49.3 1154.3 * 2 1705 494 226. 35.5 1151.7 * 3 2055 828 46. 34.3 1151.1 iii1 1320 161 2619. 49.6 1154.3 * 2 1710 495 226. 35.5 1151.7 * 3 2100 829 46. 34.3 1151.1 iii1 1325 162 2755. 50.0 1154.4 * 2 1715 496 226. 35.5 1151.7 * 3 2105 830 46. 34.3 1151.1 iii1 1330 163 2842. 50.2 1154.4 * 2 1720 497 226. 35.5 1151.7 * 3 2110 831 46. 34.3 1151.1 !Ii1 1335 164 2881. 50.3 1154.4 * 2 1725 498 226. 35.5 1151.7 * 3 2115 832 46. 34.3 1151.1 iii1 1340 165 2849. 50.2 1154.4 * 2 1730 499 225. 35.5 1151.7 * 3 2120 833 46. 34.3 1151.1 !!!1 1345 166 2716. 49.9 1154.4 * 2 1735 500 225. 35.5 1151.7 * 3 2125 834 46. 34.3 1151.1 iii1 1350 167 2477. 49.3 1154.3 * 2 1740 501 225. 35.5 1151.7 * 3 2130 835 46. 34.3 1151.1
1 1355 168 2197. 48.7 1154.2 * 2 1745 502 224. 35.5 1151.7 * 3 2135 836 46. 34.3 1151.1 iii
1 1400 169 1999. 48.2 1154.1 * 2 1750 503 216. 35.5 1151. 7 * 3 2140 837 46. 34.3 1151.1 iii
1 1405 170 1981. 48.1 1154.1 * 2 1755 504 194. 35.3 1151.6 * 3 2145 838 46. 34.3 1151.1 iii
1 1410 171 2093. 48.4 1154.2 * 2 1800 505 159. 35.1 1151.4 * 3 2150 839 46. 34.3 1151.1 iii
1 1415 172 2146. 48.5 1154.2 * 2 1805 506 125. 34.9 1151.3 * 3 2155 840 46. 34.3 1151.1 iii
1 1420 173 2095. . 48.4 1154.2 * 2 1810 507 107. 34.8 1151.2 * 3 2200 841 46 • 34.3 1151.1 iii
1 1425 174 2035. 48.3 1154.2 * 2 1815 508 126. 34.9 1151.3 * 3 2205 842 46. 34.3 1151.1 iii

iii1 1430 175 1993. 48.2 1154.1 *2 1820 509 174. 35.2 1151.5 * 3 2210 843 46. 34.3 1151.1 !!!1 1435 176 1970. 48.1 1154.1 * 2 1825 510 207. 35.4 1151.7 * 3 2215 844 46. 34.3 1151.1 iii1 1440 177 1958. 48.1 1154.1 * 2 1830 511 219. 35.5 1151.7 * 3 2220 845 46. 34.3 1151.1 iii1 1445 178 1927. 48.0 1154.1 * 2 1835 512 222. 35.5 1151.7 * 3 2225 846 46. 34.3 1151.1 iii1 1450 179 1871. 47.9 1154.1 * 2 1840 513 223. 35.5 1151.7 * 3 2230 847 46. 34.3 1151.1 m1 1455 180 1805. 47.7 1154.1 * 2 1845 514 223. 35.5 1151.7 * 3 2235 848 46. 34.3 1151.1 iii1 1500 181 1751. 47.6 1154.1 * 2 1850 515 223. 35.5 1151.7 * 3 2240 849 46. 34.3 1151.1 iii1 1505 182 1703. 47.5 1154.1 * 2 1855 516 223. 35.5 1151.7 * 3 2245 850 46. 34.3 1151.1 iii1 1510 183 1646. 47.4 1154.0 * 2 1900 517 223. 35.5 1151.7 * 3 2250 851 46. 34.3 1151.1 m1 1515 184 1592. 47.2 1154.0 * 2 1905 518 223. 35.5 1151.7 * 3 2255 852 46. 34.3 1151. 1 in1 1520 185 1546. 47.1 1154.0 * 2 1910 519 223. 35.5 1151.7 * 3 2300 853 46. 34.3 1151.1 iii1 1525 186 1504. 47.0 1154.0 * 2 1915 520 222. 35.5 1151.7* 3 2305 854 46. 34.3 1151.1 m1 1530 187 1477. 46.9 1154.0 * 2 1920 521 222. 35.5 1151.7 * 3 2310 855 46. 34.3 1151. 1 iii1 1535 188 1444. 46.8 1154.0 * 2 1925 522 222. 35.5 1151.7* 3 2315 856 46. 34.3 1151. 1 iii1 1540 189 1398. 46.7 1154.0 * 2 1930 523 222. 35.5 1151.7 * 3 2320 857 46. 34.3 1151.1 iii1 1545 190 1338. 46.4 1153.9 * 2 1935 524 222. 35.5 1151.7 * 3 2325 858 46. 34.3 1151. 1 iii1 1550 191 1250. 46.1 1153.9 * 2 1940 525 222. 35.5 1151.7 * 3 2330 859 46. 34.3 1151.1
1 1555 192 1136. 45.7 1153.9 * 2 1945 526 220. 35.5 1151.7 * 3 2335 860 46. 34.3 1151.1 iii
1 1600 193 1038. 45.4 1153.8 * 2 1950 527 213. 35.5 1151.7 * 3 2340 861 46. 34.3 1151.1 iii
1 1605 194 1016. 45.3 1153.8 * 2 1955 528 191. 35.3 1151.6 * 3 2345 862 46. 34.3 1151.1 iii

iii1 1610 195 1081. 45.5 1153.9 * 2 2000 529 157. 35.1 1151.4 * 3 2350 863 46. 34.3 1151.1 m1 1615 196 1142. 45.8 1153.9 * 2 2005 530 123. 34.9 1151.3 * 3 2355 864 46. 34.3 1151.1 iii1 1620 197 1141. 45.8 1153.9 * 2 2010 531 104. 34.7 1151.2 * 4 0000 865 46. 34.3 1151. 1 iii1 1625 198 1112. 45.7 1153.9 * 2 2015 532 121. 34.9 1151.3 * 4 0005 866 46. 34.3 1151.1 m1 1630 199 1086. 45.6 1153.9 * 2 2020 533 168. 35.2 1151.5 * 4 0010 867 46. 34.3 1151.1 iii1 1635 200 1063. 45.5 1153.8 * 2 2025 534 204. 35.4 1151.6 * 4 0015 868 46. 34.3 1151.1 iii1 1640 201 1041. 45.4 1153.8 * 2 2030 535 216. 35.5 1151.7 * 4 0020 869 46. 34.3 1151.1 m1 1645 202 1020. 45.3 1153.8 * 2 2035 536 219. 35.5 1151.7 * 4 0025 870 46. 34.3 1151.1
1 1650 203 1002. 45.3 1153.8 * 2 2040 537 220. 35.5 1151.7* 4 0030 871 46. 34.3 1151.1 iii

iii1 1655 204 990. 45.2 1153.8 * 2 2045 538 220. 35.5 1151.7* 4 0035 872 46. 34.3 1151.1 m1 1700 205 980. 45.2 1153.8 * 2 2050 539 220. 35.5 1151.7* 4 0040 873 46. 34.3 1151.1 iii1 1705 206 957. 45.1 1153.8 * 2 2055 540 220. 35.5 1151.7 * 4 0045 874 46. 34.3 1151.1 iii1 1710 207 931. 45.0 1153.8 * 2 2100 541 220. 35.5 1151.7 * 4 0050 875 46. 34.3 1151. 1 iii1 1715 208 911. 45.0 1153.8 * 2 2105 542 220. 35.5 1151.7 * 4 0055 876 46. 34.3 1151. 1 iii1 1720 209 895. 44.9 1153.8 * 2 2110 543 220. 35.5 1151.7 * 4 0100 877 46. 34.3 1151.1 m1 1725 210 879. 44.8 1153.8 * 2 2115 544 220. 35.5 1151.7 * 4 0105 878 46. 34.3 1151.1 iii1 1730 211 863. 44.8 1153.8 * 2 2120 545 220. 35.5 1151.7 * 4 0110 879 46. 34.3 1151.1 In1 1735 212 849. 44.7 1153.8 * 2 2125 546 220. 35.5 1151.7 * 4 0115 880 46. 34.3 1151.1
1 1740 213 838. 44.7 1153.8 * 2 2130 547 220. 35.5 1151.7 * 4 0120 881 46. 34.3 1151.1 iii

iii1 1745 214 834. 44.7 1153.8 * 2 2135 548 220. 35.5 1151.7 * 4 0125 882 .46. 34.3 1151.1 m1 1750 215 808. 44.6 1153.8 * 2 2140 549 219. 35.5 1151.7* 4 0130 883 46. 34.3 1151.1 iii1 1755 216 737. 44.4 1153.7 * 2 2145 550 218. 35.5 1151.7* 4 0135 884 46. 34.3 1151.1 m1 1800 217 660. 44.1 1153.7 * 2 2150 551 210. 35.4 1151.7* 4 0140 885 46. 34.3 1151.1 !Ii1 1805 218 645. 44.0 1153.7 * 2 2155 552 189. 35.3 1151.6 * 4 0145 886 46. 34.3 1151.1 iii1 1810 219 718. 44.3 1153.7 * 2 2200 553 155. 35.1 1151.4 * 4 0150 887 46. 34.3 1151. 1 HI1 1815 220 806. 44.6 1153.8 * 2 2205554 121. 34.9 1151.3 * 4 0155 888 46. 34.3 1151.1 iii1 1820 221 844. 44.7 1153.8 * 2 2210 555 101. 34.7 1151.2 * 4 0200 889 46. 34.3 1151.1 Hi1 1825 222 849. 44.7 1153.8 * 2 2215 556 120. 34.9 1151.3 * 4 0205 890 46. 34.3 1151.1 m1 1830 223 846. 44.7 1153.8 * 2 2220 557 168. 35.2 1151.4 * 4 0210 891 46. 34.3 1151.1 iii
m
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1 1835 224 843. 44.7 1153.8 * 2 2225 558 202. 35.4 1151.6 * 4 0215 892 46. 34.3 1151.1 III
1 1840225 841. 44.7 1153.8 * 2 2230559 214. 35.5 1151.7 * 4 0220893 46. 34.3 1151.1 iii
1 1845226 840. 44.7 1153.8 * 2 2235 560 217. 35.5 1151.7 * 4 0225894 46. 34.3 1151.1 iii
1 1850227 840. 44.71153.8* 2 2240561 218. 35.51151.7* 4 0230895 46. 34.31151.1 iii
1 1855228 841. 44.7 1153.8 * 2 2245562 218. 35.5 1151.7 * 4 0235896 46. 34.3 1151.1 :::
1 1900 229 843. 44.7 1153.8 * 2 2250 563 218. 35.5 1151.7 * 4 0240 897 46. 34.3 1151.1 iii
1 1905 230 845. 44.7 1153.8 * 2 2255 564 218. 35.5 1151.7 * 4 0245 898 46. 34.3 1151.1 :::
1 1910 231 848. 44.7 1153.8 * 2 2300 565 218. 35.5 1151. 7 * 4 0250 899 46. 34.3 1151.1 iii
1 1915 232 856. 44.8 1153.8 * 2 2305 566 218. 35.5 1151. 7 * 4 0255 900 46. 34.3 1151.1 iii
1 1920233 864. 44.8 1153.8 * 2 2310567 218. 35.5 1151.7 * 4 0300901 46. 34.3 1151.1 :::
1 1925 234 859. 44.8 1153.8 * 2 2315 568 218. 35.5 1151.7 * 4 0305 902 46. 34.3 1151.1 iii
1 1930 235 851. 44.7 1153.8 * 2 2320 569 218. 35.5 1151. 7 * 4 0310 903 46. 34.3 1151.1 iii
1 1935236 849. 44.7 1153.8 * 2 2325 570 218. 35.5 1151.7 * 4 0315904 46. 34.3 1151.1 iii
1 1940237 847. 44.7 1153.8 * 2 2330571 218. 35.5 1151.7 * 4 0320905 46. 34.3 1151.1 iii
1 1945 238 832. 44.7 1153.8 * 2 2335 572 217. 35.5 1151.7 * 4 0325 906 .46. 34.3 1151.1 iii
1 1950239 783. 44.5 1153.8 * 2 2340573 217. 35.5 1151.7 * 4 033090746. 34.3 1151.1 ::'
1 1955 240 697. ,44.2 1153.7* 2 2345 574 216. 35.5 1151.7 * 4 0335908 46. 34.3 1151.1 iii
1 2000241 633. 43.9 1153.7 * 2 2350575 209. 35.4 1151.7 * 4 0340909 46. 34.3 1151.1 iii
1. 2005 242 628. 43.6 1153.7* 2 2355 576 188. 35.3 1151.6 * 4 0345 910 46. 34.3 1151.1 iii
1 2010 243 641. 44.0 1153.7 * 3 0000 577 154. 35.1 1151.4 * 4 0350 911 46. 34.3 1151.1 iii
1 2015 244 791. 44.5 1153.8 * 3 0005 578 120. 34.9 1151.3 * 4 0355 912 46.34.3 1151.1 iii
1 2020245 836. 44.7 1153.8 * 3 0010579 99.. 34.7 1151.2 * 4 0400913 46. 34.3 1151.1 :::
1 2025 246 845. 44.7 1153.8 * 3 0015 580 115. 34.8 1151.2 * 4 0405 914 46. 34.3 1151.1 iii
1 2030 247 846. 44.7 1153.8 * 3 0020 581 162. 35.1 1151.4 * 4 0410 915 46. 34.3 1151.1 iii
1 2035 248 847. 44.7 1153.8 * 3 0025 582 198. 35.4 1151.6 * 4 0415 916 46. 34.3 1151.1 iii
1 2040 249 848. 44.7 1153.8 * 3 0030 583 211. 35.4 1151. 7 * 4 0420 917 46. 34.3 1151.1 iii
1 2045 250 849. 44.7 1153.8 * 3 0035 584 214. 35.5 1151.7 * 4 0425918 46. 34.3 1151.1 iii
1 2050251 851. 44.7 1153.8 * 3 0040585 215. 35.5 1151.7 * 4 0430919 46. 34.3 1151.1 iii
1 2055 252 852. 44.8 1153.8 * 3 0045 586 215. 35.5 1151.7 * 4 0435 920 46. 34.3 1151.1 iii
1 2100 253 853. 44.8 1153.8 * 3 0050 587 215. 35.5 1151. 7 * 4 0440 921 46. 34.3 1151.1 iii
1 2105254 854. 44.8 1153.8 * 3 0055 588 215. 35.5 1151.7 * 4 0445922 46. 34.3 1151.1 iii
1 2110 255 855. 44.8 1153.8 * 3 0100 589 211. 35.4 1151.7 * 4 0450 923 46. 34.3 1151.1 iii
1 2115 256 855. 44.8 1153.8 * 3 0105 590 199. 35.4 1151.6 * 4 0455 924 46. 34.3 1151.1 iii
1 2120257 856. 44.8 1153.8 * 3 0110 591 175. 35.2 1151.5 * 4 0500925 46. 34.3 1151.1 iii
1 2125258 856. 44.8 1153.8 * 3 0115 592 144. 35.0 1151.3 * 4 0505926 46. 34.3 1151.1 iii
1 2130259 856. 44.8 1153.8 * 3 0120 593 114. 34.8 1151.2 * 4 0510927 46. 34.3 1151.1 iii
1 2135 260 856. 44.8 1153.8 * 3 0125 594 90. 34.6 1151.2 * 4 0515 928 46. 34.3 1151.1 iii
1 2140261 855. 44.8 1153.8 * 3 0130595 73. 34.5 1151.2 * 4 0520929 46. 34.3 1151.1 :::
1 2145262 839. 44.7 1153.8 * 3 0135596 65. 34.5 1151.1 * 4 0525930 46. 34.3 1151.1 iii
1 2150263 783. 44.5 1153.8 * 3 0140 597 61. 34.4 1151.1 * 4 0530931 46. 34.3 1151.1 iii
1 2155 264 688. 44.2 1153.7 * 3 0145 598 60. 34.4 1151.1 * 4 0535 932 46. 34.3 1151.1 iii
1 2200265 631. 43.81153.7* 3 0150599 59. 34.41151.1* 4 0540933 46. 34.31151.1 iii
1 2205 266 624. 43.5 1153.6 * 3 0155 600 58. 34.4 1151.1 * 4 0545 934 46. 34.3 1151.1 iii
1 2210267 633. 43.8 1153.7 * 3 0200601 55. 34.4 1151.1 * 4 0550935 46. 34.3 1151.1 iii
1 2215 268 773. 44.5 1153.7 * 3 0205 602 48. 34.3 1151.1 * 4 0555936 46. 34.3 1151.1 :::
1 2220 269 846. 44.7 1153.8 * 3 0210 603 40. 34.3 1151.1 * 4 0600 937 46. 34.3 1151.1 Iii
1 2225 270 863. 44.8 1153.8 * 3 0215 604 32. 34.2 1151.1 * 4 0605 938 46. 34.3 1151.1 iii
1 2230271 870. 44.8 1153.8 * 3 0220605 31. 34.2 1151.1 * 4 0610939 46. 34.3 1151.1 iii
1 2235 272 863. 44.8 1153.8 * 3 0225 606 38. 34.3 1151.1 * 4 0615 940· 46. 34.3 1151.1 iii
1 2240 273 854. 44.8 1153.8 * 3 0230 607 48. 34.3 1151.1 * 4 0620 941 46. 34.3 1151.1 :!:
1 2245274 850. 44.71153.8* 3 0235608 54. 34.41151.1* 4 0625942 46. 34.31151.1 m
1 2250275 848. 44.7 1153.8 * 3 0240609 57. 34.4 1151.1 * 4 0630943 46. 34.3 1151.1 :::
1 2255 276 847. 44.7 1153.8 * 3 0245 610 57. 34.4 1151.1 * 4 0635 944 46. 34.3 1151.1 Iii
1 2300277 846. 44.7 1153.8 * 3 0250611 58. 34.4 1151.1 * 4 0640945 46. 34.3 1151.1 iii
1 2305 278 844. 44.7 1153.8 * 3 0255612 58. 34.4 1151.1 * 4 0645946 46. 34.3 1151.1 iii
1 2310 279 843. 44.7 1153.8 * 3 0300613 57. 34.4 1151.1 * 4 0650947 46. 34.3 1151.1 iii
1 2315 280 841. 44.7 1153.8 * 3 0305614 57. 34.4 1151.1 * 4 0655 948 46. 34.3 1151.1 :::
1 2320281840. -44.7 1153;8 * 3 0310615 57. 34.4 1151.1* 4 0700949 ;46. 34.3 1151.1 iii
1 2325 282 838. 44.7 1153.8 * 3 0315 616 57. 34.4 1151.1 * 4 0705 950 46. 34.3 1151.1 iii
1 2330 283 837. 44.7 1153.8 * 3 0320617 57. 34.4 1151.1 * 4 0710951 46. 34.3 1151.1 iii
1 2335 284 835. 44.7 1153.8 * 3 0325 618 57. 34.4 1151.1 * 4 0715 952 46. 34.3 1151.1 iii
1 2340285 836. 44.7 1153.8 * 3 0330619 57. 34.4 1151.1 * 4 0720953 46. 34.3 1151.1 iii
1 2345286 827. 44.7 1153.8 * 3 0335620 57. 34.4 1151.1 * 4 0725954 46. 34.3 1151.1 iii
1 2350 287 774. 44.5 1153.7 * 3 0340 621 5]. 3-4.41151.1 * 4 0710955 46. 34.3 1151.1W
1 2155 288 671. 44.1 1153.7 * 3 0345 622 56. 34.4 1151.1 * 4 0735 956 46. 34.3 1151.1 ::
2 0000289 626. 43.6 1153.7 * 3 0350623 56. 34.4 1151.1 * 4 0740957 46. 34.3 1151.1 !!
2 0005 290 614. 43.0 1153.6 * 3 0355 624 55. 34.4 1151.1 * 4 0745958 46. 34.3 1151.1 ii

ii.

• • •
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2 0010 291 617. 43.2 1153.6 * 3 0400 625 52. 34.4 1151.1 * 4 0750 959 46. 34.3 1151.1 Hi
Hi2 0015 292 642. 44.0 1153.7 * 3 0405 626 46. 34.3 1151.1 * 4 0755 960 46. 34.3 1151.1 m2 0020 293 804. 44.6 1153.8 * 3 0410 627 38. 34.3 1151.1 * 4 0800 961 46. 34.3 1151.1 iii2 0025 294 807. 44.6 1153.8 * 3 0415 628 31. 34.2 1151.1 * 4 0805 962 46. 34.3 1151.1 m2 0030 295 802. 44.6 1153.8 * 3 0420 629 29. 34.2 1151.1 * 4 0810 963 46. 34.3 1151.1 m2 0035 296 797. 44.6 1153.8 * 3 0425 630 36. 34.3 1151.1 * 4 0815 964 46. 34.3 1151.1 Hi2 0040 297 790. 44.5 1153.8 * 3 0430 631 47. 34.3 1151.1 * 4 0820 965 46. 34.3 1151.1 iii2 0045 298 783. 44.5 1153.8 * 3 0435 632 52. 34.4 1151.1 * 4 0825 966 46. 34.3 1151.1 m2 0050 299 775. 44.5 1153.7 * 3 0440 633 54. 34.4 1151.1 * 4 0830 967 46. 34.3 1151.1 Hi2 0055 300 767. 44.5 1153.7 * 3 0445 634 55. 34.4 1151.1 * 4 0835 968 46. 34.3 1151.1 Hi2 0100 301 759. 44.4 1153.7 * 3 0450 635 55. 34.4 1151.1 * 4 0840 969 46. 34.3 1151.1 Hi2 0105 302 750. 44.4 1153.7 * 3 0455 636 55. 34.4 1151.1 * 4 0845 970 46. 34.3 1151.1 m2 0110 303 741. 44.4 1153.7 * 3 0500 637 55. 34.4 1151.1 * 4 0850 971 46. 34.3 1151.1 Hi2 0115 304 732. 44.3 1153.7 * 3 0505 638 55. 34.4 1151. 1 * 4 0855 972 46. 34.3 1151.1 Hi2 0120 305 722. 44.3 1153.7 * 3 0510 639 55. 34.4 1151.1 * 4 0900 973 46. 34.3 1151.1 Hi2 0125 306 713. 44.3 1153.7 * 3 0515 640 55. 34.4 1151.1 * 4 0905 974 46. 34.3 1151.1 m2 0130 307 704. 44.2 1153.7 * 3 0520 641 55. 34.4 1151.1 * 4 0910 975 46. 34.3 1151.1 m2 0135 308 694. 44.2 1153.7 * 3 0525 642 54. 34.4 1151.1 * 4 0915 976 46. 34.3 1151.1 iii2 0140 309 684. 44.2 1153.7* 3 0530 643 54. 34.4 1151.1 * 4 0920 977 46. 34.3 1151.1 m2· 0145 310 661. 44.1 1153.7 * 3 0535 644 54. 34.4 1151.1 * 4 0925 978 46. 34.3 1151.1 Hi2 0150 311 631. 43.8 1153.7 * 3 0540 645 54. 34.4 1151.1 * 4 0930 979 46. 34.3 1151.1 Hi2 0155 312 613. 43.0 1153.6 * 3 0545 646 54. 34.4 1151.1 * 4 0935 980 46. 34.3 1151.1 Hi2 0200 313 584. 41.7 1153.5 * 3 0550 647 54. 34.4 1151.1 * 4 0940 981 46. 34.3 1151.1 Hi2 0205 314 554. 40.4 1153.3 * 3 0555 648 53. 34.4 1151.1 * 4 0945 982 46. 34.3 1151.1 Hi2 0210 315 539. 39.7 1153.3 * 3 0600 649 50. 34.4 1151.1 * 4 0950 983 46. 34.3 1151.1 Hi2 0215 316 542. 39.9 1153.3 * 3 0605 650 44. 34.3 1151.1 * 4 0955 984 46. 34.3 1151.1 iii2 0220 317 552. 40.3 1153.3 * 3 0610 651 37. 34.3 1151.1 * 4 1000 985 46. 34.3 1151.1 m2 0225 318 561. 40.7 1153.4 * 3 0615 652 30. 34.2 1151.1 * 4 1005 986 46. 34.3 1151.1 iii2 0230 319 568. 41.0 1153.4 * 3 0620 653 28. 34.2 1151.1 * 4 1010 987 46. 34.3 1151.1 iii2 0235 320 572. 41.2 1153.4 * 3 0625 654 33. 34.2 1151.1 * 4 1015 988 46. 34.3 1151.1 iii2 0240 321 576. 41.3 1153.4 * 3 0630 655 43. 34.3 1151.1 * 4 1020 989 46. 34.3 1151.1 m2 0245 322 577. 41.4 1153.4 * 3 0635 656 49. 34.4 1151.1 * 4 1025 990 46. 34.3 1151.1 iii2 0250 323 578. 41.4 1153.4 * 3 0640 657 52. 34.4 1151.1 * 4 1030 991 46. 34.3 1151.1 iii2 0255 324 577. 41.4 1153.4 * 3 0645 658 52. 34.4 1151.1 * 4 1035 992 46. 34.3 1151.1 jjj2 0300 325 576. 41.3 1153.4 * 3 0650 659 53. 34.4 1151.1 * 4 1040 993 46. 34.3 1151.1 m2 0305 326 574. 41.3 1153.4 * 3 0655 660 53. 34.4 1151.1 * 4 1045 994 46. 34.3 1151.1 iii2 0310 327 571. 41.1 1153.4 * 3 0700 661 53. 34.4 1151.1 * 4 1050 995 46. 34.3 1151.1 iii2 0315 328 568. 41.0 1153.4 * 3 0705 662 52. 34.4 1151.1 * 4 1055 996 46. 34.3 1151.1 m2 0320 329 564. 40.8 1153.4 * 3 0710 663 52. 34.4 1151.1 * 4 1100 997 46. 34.3 1151.1 iii2 0325 330 560. 40.7 1153.4 * 3 0715 664 52. 34.4 1151.1 * 4 1105 998 46. 34.3 1151.1 iii2 0330 331 556. 40.5 1153.3 * 3 0720 665 52. 34.4 1151.1 * 4 1110 999 46. 34.3 1151.1 iii2 0335 332 551. 40.3 1153.3 * 3 0725 666 52. 34.4 1151.1 * 4 11151000 46. 34.3 1151.1 m2 0340 333 546. 40.0 1153.3 * 3 0730 667 52. 34.4 1151.1 * m2 0345 334 540. 39.8 1153.3 * 3 0735 668 52. 34.4 1151.1 * iii* * m*********************************************************************************************************************************** m

PEAK FLOW TIME MAXIMUM AVERAGE FLOW Hi
iii6-HR 24-HR 72-HR 83.25-HR iii+ (CFS) (HR) m(CFS) iii+ 2881. 13.58 1460. 758. 311. 269. m(INCHES) 0.456 0.947 1.164 1.164 iii(AC-FT) 724. 1504. 1849. 1849. iii

PEAK STORAGE TIME MAXIMUM AVERAGE STORAGE m
iii6-HR 24-HR 72-HR 83.25-HR m+ (AC- FT) (HR)

!!IlL /J? /;-d7
Hi50. 13.58 47. 42. 36. 31. in

PEAK STAGE TIME MAXIMUM AVERAGE STAGE iii
iii6-HR 24-HR 72-HR 83.25-HR 4 iii+ (FEET) (HR) m1154.41 13.58 1153.97 1153.18 1151.80 1150.34 iii

CUMULATIVE AREA = 29.79 SQ MI m



*** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ****** *** *** ****** *** *** *** *** *** *** *** *** *** ***

*** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ***

PEAK FLOW TIME MAXIMUM AVERAGE FLOW
6-HR 24-HR 72-HR 83.25-HR

+ (CFS) (HR)
(CFS)

+ 2077. 13.58 742. 223. 74. 64.
(INCHES) 0.232 0.278 0.278 0.278

(AC- FT) 368. 442. 442. 442.

CUMULATIVE AREA = 29.79 SQ MI

**************
* ** DIVERT *
* ***************
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204.
0.885
1407.

***

83.25-HR

***

***

934.00 1188.00 1497.00 1858.00 2261.00 2705.00 3194.00

682.00 705.00 728.00 751.00 774.00 796.00 818.00

236.
0.885
1407.

***

***

748.00

659.00

535.
0.668
1062.

636.00

636.00

***

***

RCB DIVERSION HYDROGRAPH IDENTI FICATION

6-HR

718.
0.224
356.

0.00

0.00

HYDROGRAPH AT STATION DIVERT

DIVERSION HYDROGRAPH RCB

MAXIMUM AVERAGE FLOW
24-HR 72-HR

CUMULATIVE AREA = 29.79 SQ MI

(CFS)

(INCHES)
(AC-FT)

***

***

INFLOW

OUTPUT CONTROL VARIABLES
IPRNT 3 PRINT CONTROL
IPLOT 0 PLOT CONTROL
QSCAL O. HYDROGRAPH PLOT SCALE

DIVERSION
ISTAD

TIME

(HR)

13.58

DIVERTED FLOW

**************
* ** RBAS *
* *

•

***

***

01

DQ

DT

694 KK

688 KK

690 KO

PEAK FLOW

+ (CFS)

+ 804.

SVRD05-2.OUT
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************** iii
iii

698 KO OUTPUT CONTROL VARIABLES iii
mIPRNT 2 PRINT CONTROL iiiIPLOT 0 PLOT CONTROL

QSCAL O. HYDROGRAPH PLOT SCALE iii
iii

HYDROGRAPH ROUTING DATA in
iii

699 RS STORAGE ROUTING !!!
NSTPS 1 NUMBER OF SUBREACHES iii

ITYP STOR TYPE OF INITIAL CONDITION Hi
RSVRIC 0.00 INITIAL CONDITION iii

X 0.00 WORKING RAND 0 COEFFICIENT iii
iii

700 SV STORAGE 0.0 424.0 440.0 450.0 iii
iii

701 SE ELEVATION 1130.00 1153.70 1154.50 1155.00 !!!
iii

702·SQ DISCHARGE O. O. O. O. Hi
iii

*** iii
!!!

*********************************************************************************************************************************** Hi
iii

HYOROGRAPH AT STATION RBAS m
iii

*********************************************************************************************************************************** Hi
* * iii

DA MON HRMN ORO OUTFLOW STORAGE STAGE * OA MON HRMN ORO OUTFLOW STORAGE STAGE * OA MON HRMN ORO OUTFLOW STORAGE STAGE iii
iii* * iii1 0000 1 O. 0.0 1130.0 * 2 0350 335 O. 442.3 1154.6 * 3 0740669 O. 442.3 1154.6 m1 0005 2 O. 0.0 1130.0 * 2 0355 336 O. 442.3 1154.6 * 3 0745 670 O. 442.3 1154.6

1 0010 3 O. 0.0 1130.0 * 2 0400 337 O. 442.3 1154.6 * 3 0750 671 O. 442.3 1154.6 iii
iii1 0015 4 O. 0.0 1130.0 * 2 0405 338 O. 442.3 1154.6 * 3 0755 672 O. 442.3 1154.6 m1 0020 5 O. 0.0 1130.0 * 2 0410 339 O. 442.3 1154.6 * 3 0800 673 O. 442.3 1154.6 iii1 0025 6 O. 0.0 1130.0 * 2 0415 340 O. 442.3 1154.6 * 3 0805 674 O. 442.3 1154.6 iii1 0030 7 O. 0.0 1130.0 * 2 0420 341 O. 442.3 1154.6 * 3 0810 675 O. 442.3 1154.6 m1 0035 8 O. 0.0 1130.0 * 2 0425 342 O. 442.3 1154.6 * 3 0815 676 O. 442.3 1154.6

1 0040 9 O. 0.0 1130.0 * 2 0430 343 O. 442.3 1154.6 * 3 0820 677 O. 442.3 1154.6 iii
1 0045 10 O. 0.0 1130.0 * 2 0435 344 O. 442.3 1154.6 * 3 0825 678 O. 442.3 1154.6 iii
1 0050 11 O. 0.0 1130.0 * 2 0440 345 O. 442.3 1154.6 * 3 0830 679 O. 442.3 1154.6 Hi
1 0055 12 O. 0.0 1130.0 * 2 0445 346 O. 442.3 1154.6 * 3 0835 680 O. 442.3 1154.6 iii
1 0100 13 O. 0.0 1130.0 * 2 0450 347 O. 442.3 1154.6 * 3 0840 681 O. 442.3 1154.6 iii
1 0105 14 O. 0.0 1130.0 * 2 0455 348 O. 442.3 1154.6 * 3 0845 682 O. 442.3 1154.6 Hi
1 0110 15 O. 0.0 1130.0 * 2 0500 349 O. 442.3 1154.6 * 3 0850 683 O. 442.3 1154.6 iii
1 0115 16 O. 0.0 1130.0 * 2 0505 350 O. 442.3 1154.6 * 3 0855 684 O. 442.3 1154.6 iii

iii1 0120 17 O. 0.0 1130.0 * 2 0510 351 O. 442.3 1154.6 * 3 0900 685 O. 442.3 1154.6 m1 0125 18 O. 0.0 1130.0 * 2 0515 352 O. 442.3 1154.6 * 3 0905 686 O. 442.3 1154.6
1 0130 19 O. 0.0 1130.0 * 2 0520 353 O. 442.3 1154.6 * 3 0910 687 O. 442.3 1154.6 iii
1 0135 20 O. 0.0 1130.0 * 2 0525 354 O. 442.3 1154.6 * 3 0915 688 o. 442.3 1154.6 iii
1 0140 21 O. 0.0 1130.0 * 2 0530 355 O. 442.3 1154.6 * 3 0920 689 O. 442.3 1154.6 Hi

iii1 0145 22 O. 0.0 1130.0 * 2 0535 356 O. 442.3 1154.6 * 3 0925 690 O. 442.3 1154.6 m1 0150 23 O. 0.0 1130.0 * 2 0540 357 O. 442.3 1154.6 * 3 0930 691 o. 442.3 1154.6
1 0155 24 O. 0.0 1130.0 * 2 0545 358 O. 442.3 1154.6 * 3 0935 692 O. 442.3 1154.6 in

iii1 0200 25 O. 0.0 1130.0 * 2 0550 359 O. 442.3 1154.6 * 3 0940 693 O. 442.3 1154.6 !!!1 0205 26 O. 0.0 1130.0 * 2 0555 360 O. 442.3 1154.6 * 3 0945 694 O. 442.3 1154.6
1 0210 27 O. 0.0 1130.0 * 2 0600 361 O. 442.3 1154.6 * 3 0950 695 . o. 442.3 1154.6 iii
1 0215 28 O. 0.0 1130.0 * 2 0605 362 O. 442.3 1154.6 * 3 0955 696 O. 442.3 1154.6 iii

iii1 0220 29 o. 0.0 1130.0 * 2 0610 363 O. 442.3 1154.6 * 3 1000 697 O. 442.3 1154.6 iii1 0225 30 O. 0.0 1130.0 * 2 0615 364 O. 442.3 1154.6 * 3 1005 698 O. 442.3 1154.6 iii1 0230 31 o. 0.0 1130.0 * 2 0620 365 O. 442.3 1154.6 * 3 1010 699 O. 442.3 1154.6
III1 0235 32 O. 0.0 1130.0 * 2 0625 366 O. 442.3 1154.6 * 3 1015 700 O. 442.3 1154.6

1 0240 33 O. 0.0 1130.0 * 2 0630 367 O. 442.3 1154.6 * 3 1020 701 o. 442.3 1154.6
1 0245 34 O. 0.0 1130.0 * 2 0635 368 O. 442.3 1154.6 * 3 1025 702 o. 442.3 1154.6 Hi
1 0250 35 O. 0.0 1130.0 * 2 0640 369 O. 442.3 1154.6 * 3 1030 703 O. 442.3 1154.6
1 0255 36 O. 0.0 1130.0 * 2 0645 370 O. 442.3 1154.6 * 3 1035 704 O. 442.3 1154.6
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1 0835 104 O. 0.0 1130.0 * 2 1225 438 O. 442.3 1154.6 * 3 1615 772 O. 442.2 1154.6 III

!!!1 0840 105 O. 0.0 1130.0 * 2 1230 439 O. 442.3 1154.6 * 3 1620 773 O. 442.2 1154.6 iii1 0845 106 O. 0.0 1130.0 * 2 1235 440 O. 442.3 1154.6 * 3 1625 774 O. 442.2 1154.6 iii1 0850 107 O. 0.0 1130.0 * 2 1240 441 O. 442.3 1154.6 * 3 1630 775 O. 442.2 1154.6 !!!1 0855 108 O. 0.0 1130.0 * 2 1245 442 O. 442.3 1154.6 ~ 3 1635 776 O. 442.2 1154.6 iii1 0900 109 O. 0.0 1130.0 * 2 1250 443 O. 442.3 1154.6 * 3 1640 777 O. 442.2 1154.6 iii1 0905 110 O. 0.0 1130.0 * 2 1255 444 O. 442.3 1154.6 * 3 1645 778 O. 442.2 1154.6 !!!1 0910 111 O. 0.0 1130.0 * 2 1300 445 O. 442.3 1154.6 * 3 1650 779 O. 442.2 1154.6 iii1 0915 112 O. 0.0 1130.0 * 2 1305 446 O. 442.3 1154.6 * 3 1655 780 O. 442.2 1154.6 !!!1 0920 113 O. 0.0 1130~0 * 2 1310 447 O. 442.3 1154.6 * 3 1700 781 O. 442.2 1154.6 iii1 0925 114 O. 0.0 1130.0 * 2 1315 448 O. 442.3 1154.6 * 3 1705 782 O. 442.2 1154.6 !!!1 0930 115 O. 0.0 1130.0 * 2 1320 449 O. 442.3 1154.6 * 3 1710 783 O. 442.2 1154.6 iii1 0935 116 O. 0.0 1130.0 * 2 1325 450 O. 442.3 1154.6 * 3 1715 784 O. 442.2 1154.6 iii1 0940 117 O. 0.0 1130.0 * 2 1330 451 O. 442.3 1154.6 * 3 1720 785 O. 442.2 1154.6 m1 0945 118 O. 0.0 1130.0 * 2 1335 452 O. 442.3 1154.6 * 3 1725 786 O. 442.2 1154.6 m1 0950 119 O. 0.0 1130.0 * 2 1340 453 O. 442.3 1154.6 * 3 1730 787 O. 442.2 1154.6 iii1 0955 120 O. 0.0 1130.0 * 2 1345 454 O. 442.3 1154.6 * 3 1735 788 O. 442.2 1154.6 iii1 1000 121 O. 0.0 1130.0 * 2 1350 455 O. 442.3 1154.6 * 3 1740 789 O. 442.2 1154.6 iii1 1005 122 O. 0.0 1130.0 * 2 1355 456 O. 442.3 1154.6 * 3 1745 790 O. 442.2 1154.6 !!!1 1010 123 O. 0.0 1130.0 * 2 1400 457 O. 442.3 1154.6 * 3 1750 791 O. 442.2 1154.6 iii1 1015 124 O. 0.0 1130.0 * 2 1405 458 O. 442.3 1154.6 * 3 1755 792 O. 442.2 1154.6 !!!1 1020 125 O. 0.0 1130.0 * 2 1410 459 O. 442.3 1154.6 * 3 1800 793 O. 442.2 1154.6 iii1 1025 126 O. 0.0 1130.0 * 2 1415 460 O. 442.3 1154.6 * 3 1805 794 O. 442.2 1154.6 !!!1 1030 127 O. 0.0 1130.0 * 2 1420 461 O. 442.3 1154.6 * 3 1810 795 O. 442.2 1154.6 iii1 1035 128 O. 0.0 1130.0 * 2 1425 462 O. 442.3 1154.6 * 3 1815 796 O. 442.2 1154.6 !!!1 1040 129 O. 0.0 1130.0 * 2 1430 463 O. 442.3 1154.6 * 3 1820 797 O. 442.2 1154.6 iii1 1045 130 O. 0.0 1130.0 * 2 1435 464 O. 442.3 1154.6 * 3 1825 798 O. 442.2 1154.6 m1 1050 131 O. 0.0 1130.0 * 2 1440 465 O. 442.3 1154.6 * 3 1830 799 O. 442.2 1154.6 iii1 1055 132 O. 0.0 1130.0 * 2 1445 466 O. 442.3 1154.6 * 3 1835 800 O. 442.2 1154.6 iii1 1100 133 O. 0.0 1130.0 * 2 1450 467 O. 442.3 1154.6 * 3 1840 801 O. 442.2 1154.6 iii1 1105 134 O. 0.0 1130.0 * 2 1455 468 O. 442.3 1154.6 * 3 1845 802 O. 442.2 1154.6 !!!1 1110 135 O. 0.0 1130.0 * 2 1500 469 O. 442.3 1154.6 * 3 1850 803 O. 442.2 1154.6 iii1 1115 136 O. 0.0 1130.0 * 2 1505 470 O. 442.3 1154.6 * 3 1855 804 O. 442.2 1154.6 iii1 1120 137 O. 0.0 1130.0 * 2 1510 471 O. 442.3 1154.6 * 3 1900 805 O. 442.2 1154.6 iii1 1125 138 O. 0.0 1130.0 * 2 1515 472 O. 442.3 1154.6 * 3 1905 806 O. 442.2 1154.6 !!!1 1130 139 O. 0.0 1130.0 * 2 1520 473 O. 442.3 1154.6 * 3 1910 807 O. 442.2 1154.6 iii1 1135 140 O. 0.0 1130.0 * 2 1525 474 O. 442.3 1154.6 * 3 1915 808 O. 442.2 1154.6 iii1 1140 141 O. 0.0 1130.0 * 2 1530 475 O. 442.3 1154.6 * 3 1920 809 O. 442.2 1154.6 HI1 1145 142 O. 0.0 1130.0 * 2 1535 476 O. 442.3 1154.6 * 3 1925 810 O. 442.2 1154.6 iii1 1150 143 O. 0.0 1130.0 * 2 1540 477 O. 442.3 1154.6 * 3 1930 811 O. 442.2 1154.6 m1 1155 144 O. 0.0 1130.0 * 2 1545 478 O. 442.3 1154.6 * 3 1935 812 O. 442.2 1154.6 iii1 1200 145 O. 0.0 1130.0 * 2 1550 479 O. 442.3 1154.6 * 3 1940 813 O. 442.2 1154.6 iii1 1205 146 O. 0.0 1130.0 * 2 1555 480 O. 442.3 1154.6 * 3 1945 814 O. 442.2 1154.6 !!!1 1210 147 O. 0.0 1130.0 * 2 1600 481 O. 442.3 1154.6 * 3 1950 815 O. 442.2 1154.6 iii1 1215 148 O. 0.0 1130.0 * 2 1605 482 O. 442.3 1154.6 * 3 1955 816 O. 442.2 1154.6 iii1 1220 149 O. 0.0 1130.0 * 2 1610 483 O. 442.3 1154.6 * 3 2000 817 O. 442.2 1154.6 iii1 1225 150 O. 0.0 1130.0 * 2 1615 484 O. 442.3 1154.6 * 3 2005 818 O. 442.2 1154.6 iii1 1230 151 O. 0.0 1130.0 * 2 1620 485 O. 442.3 1154.6 * 3 2010 819 O. 442.2 1154.6 jjj1 1235 152 O. 0.0 1130.0 * 2 1625 486 O. 442.3 1154.6 * 3 2015 820 O. 442.2 1154.6 iii1 1240 153 O. 0.0 1130.0 * 2 1630 487 O. 442.3 1154.6 * 3 2020 821 O. 442.2 1154.6 iii1 1245 154 O. 0.0 1130.0 * 2 1635 488 O. 442.3 1154.6 * 3 2025 822 O. 442.2 1154.6 iii1 1250 155 O. 0.0 1130.0 * 2 1640 489 O. 442.3 1154.6 * 3 2030 823 O. 442.2 1154.6 m1 1255 156 O. 2.7 1130.2 * 2 1645 490 O. 442.3 1154.6 * 3 2035 824 O. 442.2 1154.6 m1 1300 157 O. 9.4 1130.5 * 2 1650 491 O. 442.3 1154.6 * 3 2040 825 O. 442.2 1154.6 m1 1305 158 O. 18.0 1131.0 * 2 1655 492 O. 442.3 1154.6 * 3 2045 826 O. 442.2 1154.6 iii1 1310 159 O. 27.8 1131.6 * 2 1700 493 O. 442.3 1154.6 * 3 2050 827 O. 442.2 1154.6 iii1 1315 160 O. 38.8 1132.2 * 2 1705 494 O. 442.3 1154.6 * 3 2055 828 . O. 442.2 1154.6 iii1 1320 161 O. 50.9 1132.8 * 2 1710 495 O. 442.3 1154.6 * 3 2100 829 . O. 442.2 1154.6 !!!1 1325 162 O. 63.9 1133.6 * 2 1715 496 O. 442.3 1154.6 * 3 2105 830 O. 442.2 1154.6 Hi1 1330 163 O. 77.7 1134.3 * 2 1720 497 O. 442.3 1154.6 * 3 2110 831 O. 442.2 1154.6 Hi1 1335 164 O. 91.8 1135.1 * 2 1725 498 O. 442.3 1154.6 * 3 2115 832 O. 442.2 1154.6
iii1 1340 165 O. 106.0 1135.9 * 2 1730 499 O. 442.3 1154.6 * 3 2120 833 O. 442.2 1154.6

1 1345 166 O. 119.7 1136.7 * 2 1735 500 O. 442.3 1154.6 * 3 2125 834 O. 442.2 1154.6 iii1 1350 167 O. 132.1 1137.4 * 2 1740 501 O. 442.3 1154.6 * 3 2130 835 O. 442.2 1154.6 iii1 1355 168 O. 142.9 1138.0 * 2 1745 502 O. 442.3 1154.6 * 3 2135 836 O. 442.2 1154.6 jjj1 1400 169 O. 152.1 1138.5 * 2 1750 503 O. 442.3 1154.6 * 3 2140 837 O. 442.2 1154.6 Hi1 1405 170 O. 160.5 1139.0 * 2 1755 504 O. 442.3 1154.6 * 3 2145 838 O. 442.2 1154.6 iii
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1 1410 171 O. 169.3 1139.5 * 2 1800 505 O. 442.3 1154.6 * 3 2150 839 O. 442.2 1154.6 ill
iii1 1415 172 O. 178.6 1140.0 * 2 1805 506 O. 442.3 1154.6 * 3 2155 840 O. 442.2 1154.6 iii1 1420 173 O. 188.0 1140.5 * 2 1810 507 O. 442.3 1154.6 * 3 2200 841 O. 442.2 1154.6 iii1 1425 174 o. 196.9 1141.0 * 2 1815 508 O. 442.3 1154.6 * 3 2205 842 O. 442.2 1154.6 iii1 1430 175 O. 205.6 1141.5 * 2 1820 509 O. 442.3 1154.6 * 3 2210 843 O. 442.2 1154.6 iii1 1435 176 O. 214.0 1142.0 * 2 1825 510 O. 442.3 1154.6 * 3 2215 844 O. 442.2 1154.6 iii1 1440 177 O. 222.3 1142.4 * 2 1830 511 O. 442.3 1154.6 * 3 2220 845 O. 442.2 1154.6 iii1 1445 178 O. 230.5 1142.9 * 2 1835 512 O. 442.3 1154.6 * 3 2225 846 O. 442.2 1154.6 !!!1 1450 179 O. 238.4 1143.3 * 2 1840 513 O. 442.3 1154.6 * 3 2230 847 o. 442.2 1154.6 iii1 1455 180 o. 245.9 1143.7 * 2 1845 514 O. 442.3 1154.6 * 3 2235 848 o. 442.2 1154.6 iii1 1500 181 o. 253.0 1144.1 * 2 1850 515 O. 442.3 1154.6 * 3 2240 849 O. 442.2 1154.6 iii1 1505 182 O. 259.8 1144.5 * 2 1855 516 o. 442.3 1154.6 * 3 2245 850 O. 442.2 1154.6 iii1 1510 183 o. 266.2 1144.9 * 2 1900 517 o. 442.3 1154.6 * 3 2250 851 O. 442.2 1154.6 iii1 1515 184 O. 272.3 1145.2 * 2 1905 518 O. 442.3 1154.6 * 3 2255 852 O. 442.2 1154.6 !!!1 1520 185 o. 278.0 1145.5 * 2 1910 519 o. 442.3 1154.6 * 3 2300 853 O. 442.2 1154.6 iii1 1525 186 O. 283.5 1145.8 * 2 1915 520 O. 442.3 1154.6 * 3 2305 854 O. 442.2 1154.6 m1 1530 187 O. 288.8 1146.1 * 2 1920 521 O. 442.3 1154.6 * 3 2310 855 O. 442.2 1154.6

1 1535 188 O. 293.8 1146.4 * 2 1925 522 O. 442.3 1154.6 * 3 2315 856 O. 442.2 1154.6 iii
iii1 1540 189 O. 298.6 1146.7 * 2 1930 523 o. 442.3 1154.6 * 3 2320 857 o. 442.2 1154.6 iii1 1545 190 O. 303.1 1146.9 * 2 1935 524 O. 442.3 1154.6 * 3 2325 858 O. 442.2 1154.6 Hi1 1550 191 O. 307.1 1147.2 * 2 1940 525 O. 442.3 1154.6 * 3 2330 859 O. 442.2 1154.6 iii1 1555 192 O. 310.5 1147.4 * 2 1945 526 O. 442.3 1154.6 * 3 2335 860 O. 442.2 1154.6 !!!1 1600 193 o. 313.2 1147.5 * 2 1950 527 O. 442.3 1154.6 * 3 2340.861 O. 442.2 1154.6 iii1 1605 194 O. 315.5 1147.6 * 2 1955 528 O. 442.3 1154.6 * 3 2345 862 O. 442.2 1154.6
III1 1610 195 O. 318.0 1147.8 * 2 2000 529 O. 442.3 1154.6 * 3 2350 863 O. 442.2 1154.6

1 1615 196 O. 320.8 1147.9 * 2 2005 530 O. 442.3 1154.6 * 3 2355 864 O. 442.2 1154.6 iii1 1620 197 O. 323.8 1148.1 * 2 2010 531 O. 442.3 1154.6 * 4 0000 865 O. 442.2 1154.6 iii1 1625 198 O. 326.8 1148.3 * 2 2015 532 o. 442.3 1154.6 * 4 0005 866 O. 442.2 1154.6 iii1 1630 199 O. 329.5 1148.4 * 2 2020 533 O. 442.3 1154.6 * 4 0010 867 O. 442.2 1154.6 iii1 1635 200 o. 332.2 1148.6 * 2 2025 534 O. 442.3 1154.6 * 4 0015 868 O. 442.2 1154.6 iii1 1640 201 O. 334.6 1148.7 * 2 2030 535 O. 442.3 1154.6 * 4 0020 869 O. 442.2 1154.6 iii1 1645 202 o. 337.0 1148.8 * 2 2035 536 O. 442.3 1154.6 * 4 0025 870 O. 442.2 1154.6 iii1 1650 203 o. 339.2 1149.0 * 2 2040537 O. 442.3 1154.6 * 4 0030 871 O. 442.2 1154.6 iii1 1655 204 O. 341.3 1149.1 * 2 2045 538 O. 442.3 1154.6 * 4 0035 872 O. 442.2 1154.6
III1 1700 205 O. 343.4 1149.2 * 2 2050 539 O. 442.3 1154.6 * 4 0040 873 O. 442.2 1154.6

1 1705 206 O. 345.3 1149.3 * 2 2055 540 O. 442.3 1154.6 * 4 0045 874 O. 442.2 1154.6
1 1710 207 O. 347.1 1149.4 * 2 2100 541 O. 442.3 1154.6 * 4 0050 875 O. 442.2 1154.6
1 1715 208 O. 348.8 1149.5 * 2 2105 542 O. 442.3 1154.6 * 4 0055 876 O. 442.2 1154.6
1 1720 209 O. 350.3 1149.6 * 2 2110 543 O. 442.3 1154.6 * 4 0100 877 O. 442.2 1154.6
1 1725 210 O. 351.8 1149.7 * 2 2115 544 O. 442.3 1154.6 * 4 0105 878 O. 442.2 1154.6
1 1730 211 O. 353.1 1149.7 * 2 2120 545 O. 442.3 1154.6 * 4 0110 879 o. 442.2 1154.6
1 1735 212 O. 354.4 1149.8 * 2 2125 546 O. 442.3 1154.6 * 4 0115 880 O. 442.2 1154.6
1 1740 213 o. 355.6 1149.9 * 2 2130 547 O. 442.3 1154.6 * 4 0120 881 O. 442.2 1154.6
1 1745 214 O. 356.7 1149.9 * 2 2135 548 O. 442.3 1154.6 * 4 0125 882 O. 442.2 1154.6
1 1750 215 o. 357.8 1150.0 * 2 2140 549 O. 442.3 1154.6 * 4 0130 883 O. 442.2 1154.6
1 1755 216 O. 358.6 1150.0 * 2 2145 550 O. 442.3 1154.6 * 4 0135 884 O. 442.2 1154.6
1 1800 217 O. 358.9 1150.1 * 2 2150 551 O. 442.3 1154.6 * 4 0140 885 O. 442.2 1154.6
1 1805 218 O. 359.0 1150.1 * 2 2155 552 O. 442.3 1154.6 * 4 0145 886 O. 442.2 1154.6
1 1810 219 O. 359.2 1150.1 * 2 2200 553 O. 442.3 1154.6 * 4 0150 887 O. 442.2 1154.6
1 1815 220 O. 359.9 1150.1 * 2 2205 554 O. 442.3 1154.6 * 4 0155 888 O. 442.2 1154.6
1 1820 221 O. 361.0 1150.2 * 2 2210 555 O. 442.3 1154.6 * 4 0200 889 O. 442.2 1154.6
1 1825 222 O. 362.2 1150.2 * 2 2215 556 O. 442.3 1154.6 * 4 0205 890 O. 442.2 1154.6
1 1830 223 O. 363.4 1150.3 * 2 2220 557 O. 442.3 1154.6 * 4 0210 891 O. 442.2 1154.6
1 1835 224 o. 364.6 1150.4 * 2 2225 558 O. 442.3 1154.6 * 4 0215 892 O. 442.2 1154.6
1 1840 225 O. 365.8 1150.4 * 2 2230 559 O. 442.3 1154.6 * 4 0220 893 O. 442.2 1154.6
1 1845 226 O. 367.0 1150.5 * 2 2235 560 O. 442.3 1154.6 * 4 0225 894 O. 442.2 1154.6
1 1850 227 O. 368.1 1150.6 * 2 2240 561 O. 442.3 1154.6 * 4 0230 895 O. 442.2 1154.6
1 1855228 O. 369~3 1150.6 * 2 2245562 O. 442.3 1154.6 * 4 0235 896 ;0. 442.2 1154.6
1 1900 229 O. 370.5 1150.7 * 2 2250 563 O. 442.3 1154.6 * 4 0240 897 O. 442.2 1154.6
1 1905 230 o. 371.7 1150.8 * 2 2255 564 O. 442.3 1154.6 * 4 0245 898 O. 442.2 1154.6
1 1910 231 O. 372.9 1150.8 * 2 2300 565 O. 442.3 1154.6 * 4 0250 899 O. 442.2 1154.6
1 1915 232 O. 374.1 1150.9 * 2 2305 566 o. 442.3 1154.6 * 4 0255 900 O. 442.2 1154.6
1 1920 233 O. 375.4 1151.0 * 2 2310 567 o. 442.3 1154.6 * 4 0300 901 O. 442.2 1154.6
1 1925 234 O. 376.7 1151.1 * 2 23155_68 O. 442.3 115.4.6 * 4 0305.202 O. 442 •.2 1154.6
1 1930 235 O. 378;0 n51.1* 2 2320 569 O. 442.3 1154.6 * 4 0310 903 O. 442.2 1154.6
1 1935 236 O. 379.2 1151.2 * 2 2325 570 O. 442.3 1154.6 * 4 0315 904 O. 442.2 1154.6
1 1940 237 O. 380.4 1151.3 * 2 2330 571 O. 442.3 1154.6 * 4 0320 905 o. 442.2 1154.6
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1 1945 238 o. 381.6 1151.3 * 2 2335 572 o. 442.3 1154.6 * 4 0325 906 O. 442.2 1154.6 iii
iii1 1950 239 o. 382.6 1151.4 * 2 2340 573 o. 442.3 1154.6 * 4 0330 907 O. 442.2 1154.6 m1 1955 240 o. 383.1 1151.4 * 2 2345 574 o. 442.3 1154.6 * 4 0335 908 o. 442.2 1154.6 iii1 2000 241 o. 383.3 1151.4 * 2 2350 575 o. 442.3 1154.6 * 4 0340 909 o. 442.2 1154.6 iii1 2005 242 O. 383.3 1151.4 * 2 2355 576 O. 442.3 1154.6 * 4 0345 910 O. 442.2 1154.6 m1 2010 243 O. 383.3 1151.4 * 3 0000 577 O. 442.3 1154.6 * 4 0350 911 O. 442.2 1154.6 iii1 2015 244 o. 383.8 1151.5 * 3 0005 578 o. 442.3 1154.6 * 4 0355 912 O. 442.2 1154.6 iii1 2020 245 o. 384.8 1151.5 * 3 0010 579 O. 442.3 1154.6 * 4 0400 913 o. 442.2 1154.6 iii1 2025 246 o. 386.0 1151.6* 3 0015 580 o. 442.3 1154.6 * 4 0405 914 O. 442.2 1154.6 iii1 2030 247 O. 387.2 1151.6 * 3 0020 581 O. 442.3 1154.6 * 4 0410 915 O. 442.2 1154.6 m1 2035 248 o. 388.4 1151.7* 3 0025 582 o. 442.3 1154.6 * 4 0415 916 o. 442.2 1154.6 iii1 2040 249 o. 389.6 1151.8 * 3 0030 583 o. 442.3 1154.6 * 4 0420 917 O. 442.2 1154.6 iii1 2045 250 o. 390.8 1151.8 * 3 0035 584 o. 442.3 1154.6 * 4 0425 918 O. 442.2 1154.6 iii1 2050 251 O. 392.0 1151.9* 3 0040 585 o. 442.3 1154.6 * 4 0430 919 O. 442.2 1154.6 iii1 2055 252 o. 393.3 1152.0 * 3 0045 586 o. 442.3 1154.6 * 4 0435 920 O. 442.2 1154.6 iii1 2100 253 o. 394.5 1152.1 * 3 0050 587 o. 442.3 1154.6 * 4 0440 921 O. 442.2 1154.6 iii1 2105 254 o. .395.8 1152.1 * 3 0055 588 o. 442.3 1154.6 * 4 0445 922 O. 442.2 1154.6 iii1 2110 255 O. 397.0 1152.2 * 3 0100 589 o. 442.3 1154.6 * 4 0450 923 o. 442.2 1154.6 iii1 2115 256 O. 398.3 1152.3 * 3 0105 590 O. 442.3 1154.6 * 4 0455 924 O. 442.2 1154.6 iii1 2120 257 o. 399.6 1152.3 * 3 0110 591 o. 442.3 1154.6 * 4 0500 925 O. 442.2 1154.6 iii1 2125 258 O. 400.8 1152.4 * 3 0115 592 o. 442.3 1154.6 * 4 0505 926 O. 442.2 1154.6 iii1 2130 259 O. 402.1 1152.5 * 3 0120 593 O. 442.3 1154.6 * 4 0510 927 O. 442.2 1154.6 iii1 2135 260 o. 403.3 1152.5 * 3 0125 594 o. 442.3 1154.6 * 4 0515 928 O. 442.2 1154.6 iii1 2140 261 O. 404.6 1152.6 * 3 0130 595 O. 442.3 1154.6 * 4 0520 929 o. 442.2 1154.6 iii1 2145 262 O. 405.8 1152.7 * 3 0135 596 O. 442.3 1154.6 * 4 0525 930 o. 442.2 1154.6 iii1 2150 263 O. 406.8 1152.7 * 3 0140 597 o. 442.3 1154.6 * 4 0530 931 o. 442.2 1154.6 iii1 2155 264 O. 407.4 1152.8 * 3 0145 598 O. 442.3 1154.6 * 4 0535 932 o. 442.2 1154.6 m1 2200 265 O. 407.5 1152.8 * 3 0150 599 O. 442.3 1154.6 * 4 0540 933 o. 442.2 1154.6 iii1 2205 266 o. 407.5 1152.8 * 3 0155 600 O. 442.3 1154.6 * 4 0545 934 o. 442.2 1154.6 iii1 2210 267 o. 407.5 1152.8 * 3 0200 601 o. 442.3 1154.6 * 4 0550 935 o. 442.2 1154.6 iii1 2215 268 O. 407.9 1152.8 * 3 0205 602 O. 442.3 1154.6 * 4 0555 936 O. 442.2 1154.6 m1 2220 269 O. 408.9 1152.9 * 3 0210 603 O. 442.3 1154.6 * 4 0600 937 O. 442.2 1154.6 iii1 2225 270 O. 410.1 1152.9 * 3 0215 604 o. 442.3 1154.6 * 4 0605 938 O. 442.2 1154.6 iii1 2230 271 o. 411.5 1153.0 * 3 0220 605 o. 442.3 1154.6 * 4 0610 939 O. 442.2 1154.6 iii1 2235 272 O. 412.8 1153.1 * 3 0225 606 o. 442.3 1154.6 * 4 0615 940 o. 442.2 1154.6 iii1 2240 273 O. 414.1 1153.1 * 3 0230 607 O. 442.3 1154.6 * 4 0620 941 o. 442.2 1154.6 iii1 2245 274 o. 415.3 1153.2 * 3 0235 608 o. 442.3 1154.6 * 4 0625 942 O. 442.2 1154.6 m1 2250 275 o. 416.5 1153.3 * 3 0240 609 O. 442.3 1154.6 * 4 0630 943 O. 442.2 1154.6 iii1 2255 276 o. 417.7 1153.3 * 3 0245 610 o. 442.3 1154.6 * 4 0635 944 O. 442.2 1154.6 iii1 2300 277 o. 418.9 1153.4 * 3 0250 611 o. 442.3 1154.6 * 4 0640 945 O. 442.2 1154.6 iii1 2305 278 o. 420.1 1153.5 * 3 0255 612 o. 442.3 1154.6 * 4 0645 946 o. 442.2 1154.6 iii1 2310 279 o. 421.3 1153.6 * 3 0300 613 O. 442.3 1154.6 * 4 0650 947 O. 442.2 1154.6 iii1 2315 280 O. 422.5 1153.6 * 3 0305 614 o. 442.3 1154.6 * 4 0655 948 o. 442.2 1154.6 iii1 2320 281 o. 423.7 1153.7 * 3 0310 615 o. 442.3 1154.6 * 4 0700 949 o. 442.2 1154.6 iii1 2325 282 o. 424.8 1153.7 * 3 0315 616 o. 442.3 1154.6 * 4 0705 950 O. 442.2 1154.6 iii1 2330 283 O. 426.0 1153.8 * 3 0320 617 O. 442.3 1154.6 * 4 0710 951 O. 442.2 1154.6 iii1 2335 284 O. 427.1 1153.9 * 3 0325 618 o. 442.3 1154.6 * 4 0715 952 O. 442.2 1154.6 iii1 2340 285 O. 428.3 1153.9 * 3 0330 619 o. 442.3 1154.6 * 4 0720 953 O. 442.2 1154.6 m1 2345 286 o. 429.4 1154.0 * 3 0335 620 O. 442.3 1154.6 * 4 0725 954 O. 442.2 1154.6 iii1 2350 287 o. 430.3 1154.0 * 3 0340 621 O. 442.3 1154.6 * 4 0730 955 O. 442.2 1154.6 m1 2355 288 o. 430.8 1154.0 * 3 0345 622 o. 442.3 1154.6 * 4 0735 956 o. 442.2 1154.6 iii2 0000 289 O. 430.9 1154.0 * 3 0350 623 o. 442.3 1154.6 * 4 0740 957 O. 442.2 1154.6 iii2 0005 290 O. 430.9 1154.0 * 3 0355 624 o. 442.3 1154.6 * 4 0745 958 O. 442.2 1154.6 iii2 0010 291 O. 430.9 1154.0 * 3 0400 625 o. 442.3 1154.6 * 4 0750 959 O. 442.2 1154.6 m2 0015 292 o. 430.9 1154.0 * 3 0405 626 o. 442.3 1154.6 * 4 0755 960 O. 442.2 1154.6 iii2 0020 293 o. ' 431.4 1154.1 * 3 0410 627 O. 442.3 1154.6 * 4 0800 961 O. 442.2 1154.6 iii2 0025 294 o. 432.4 1154.1 * 3 0415 628 O. 442.3 1154.6 * 4 0805 962 O. 442.2 1154.6 iii2 0030 295 O. 433.3 1154.2 * 3 0420 629 o. 442.3 1154.6 * 4 0810 963 ·8: 442.2 1154.6 iii2 0035 296 o. 434.3 1154.2 * 3 0425 630 o. 442.3 1154.6 * 4 0815 964 442.2 1154.6 m2 0040 297 O. 435.1 1154.3 * 3 0430 631 O. 442.3 1154.6 * 4 0820 965 O. 442.2 1154.6 iii2 0045 298 o. 436.0 1154.3 * 3 0435 632 O. 442.3 1154.6 * 4 0825 966 O. 442.2 1154.6 iii2 0050 299 o. 436.8 1154.3 * 3 0440 633 o. 442.3 1154.6 * 4 0830 967 o. 442.2 1154.6 iii2 0055 300 o. 437.5 1154.4 * 3 0445 634 o. 442.3 1154.6 * 4 0835 968 o. 442.2 1154.6 iii2 0100 301 O. 438.2 1154.4 * 3 0450 635 O. 442.3 1154.6 * 4 0840 969 o. 442.2 1154.6 iii2 0105 302 o. 438.9 1154.4 * 3 0455 636 o. 442.3 1154.6 * 4 0845 970 o. 442.2 1154.6 m2 0110 303 O. 439.5 1154.5 * 3 0500 637 O. 442.3 1154.6 * 4 0850 971 O. 442.2 1154.6

2 0115 304 O. 440.0 1154.5 * 3 0505 638 O. 442.3 1154.6 * 4 0855 972 O. 442.2 1154.6
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2 0120 305 O. 440.5 1154.5 * 3 0510 639 O. 442.3 1154.6 * 4 0900 973 O. 442.2 1154.6 m
iii2 0125 306 O. 441.0 1154.5 * 3 0515 640 O. 442.3 1154.6 * 4 0905 974 O. 442.2 1154.6 iii2 0130 307 O. 441.4 1154.6 * 3 0520 641 O. 442.3 1154.6 * 4 0910 975 O. 442.2 1154.6 m2 0135 308 O. 441.7 1154.6 * 3 0525 642 O. 442.3 1154.6 * 4 0915 976 O. 442.2 1154.6 iii2 0140 309 O. 442.0 1154.6 * 3 0530 643 O. 442.3 1154.6 * 4 0920 977 O. 442.2 1154.6
III2 0145 310 O. 442.2 1154.6* 3 0535 644 O. 442.3 1154.6 * 4 0925 978 O. 442.2 1154.6 m2 0150 311 O. 442.3 1154.6 * 3 0540 645 O. 442.3 1154.6 * 4 0930 979 O. 442.2 1154.6 m2 0155 312 O. 442.3 1154.6 * 3 0545 646 O. 442.3 1154.6 * 4 0935 980 O. 442.2 1154.6 m2 0200 313 O. 442.3 1154.6 * 3 0550 647 O. 442.3 1154.6 * 4 0940 981 O. 442.2 1154.6 iii2 0205 314 O. 442.3 1154.6 * 3 0555 648 O. 442.3 1154.6 * 4 0945 982 O. 442.2 1154.6 m2 0210 315 O. 442.3 1154.6 * 3 0600 649 O. 442.3 1154.6* 4 0950 983 O. 442.2 1154.6 m2 0215 316 O. 442.3 1154.6 * 3 0605 650 O. 442.3 1154.6 * 4 0955 984 O. 442.2 1154.6 m2 0220 317 O. 442.3 1154.6 * 3 0610 651 O. 442.3 1154.6 * 4 1000 985 O. 442.2 1154.6 iii2 0225 318 O. 442.3 1154.6 * 3 0615 652 O. 442.3 1154.6 * 4 1005 986 O. 442.2 1154.6 m2 0230 319 O. 442.3 1154.6 * 3 0620 653 O. 442.3 1154.6 * 4 1010 987 O. 442.2 1154.6 iii2 0235 320 O. 442.3 1154.6 * 3 0625 654 O. 442.3 1154.6 * 4 1015 988 •O. 442.2 1154.6 m2 0240 321 O. .442.3 1154.6 * 3 0630 655 O. 442.3 1154.6 * 4 1020 989 O. 442.2 1154.6 iii2 0245 322 O. 442.3 1154.6 * 3 0635 656 O. 442.3 1154.6 * 4 1025 990 O. 442.2 1154.6 iii2 0250 323 O. 442.3 1154.6 * 3 0640 657 O. 442.3 1154.6 * 4 1030 991 O. 442.2 1154.6 m2 0255 324 O. 442.3 1154.6 * 3 0645 658 O. 442.3 1154.6 * 4 1035 992 O. 442.2 1154.62 0300 325 O. 442.3 1154.6 * 3 0650 659 O. 442.3 1154.6 * 4 1040 993 O. 442.2 1154.6 m

2 0305 326 O. 442.3 1154.6 * 3 0655 660 O. 442.3 1154.6 * 4 1045 994 O. 442.2 1154.6 m
2 0310 327 O. 442.3 1154.6 * 3 0700 661 O. 442.3 1154.6 * 4 1050 995 O. 442.2 1154.6 m

iii2 0315 328 O. 442.3 1154.6 * 3 0705 662 O. 442.3 1154.6 * 4 1055 996 O. 442.2 1154.6 m2 0320 329 O. 442.3 1154.6 * 3 0710 663 O. 442.3 1154.6 * 4 1100 997 O. 442.2 1154.6 m2 0325 330 O. 442.3 1154.6 * 3 0715 664 O. 442.3 1154.6 * 4 1105 998 O. 442.2 1154.6 iii2 0330 331 O. 442.3 1154.6 * 3 0720 665 O. 442.3 1154.6 * 4 1110 999 O. 442.2 1154.6 iii2 0335 332 O. 442.3 1154.6 * 3 0725 666 O. 442.3 1154.6 * 4 11151000 O. 442.2 1154.6 m2 0340 333 O. 442.3 1154.6 * 3 0730 667 O. 442.3 1154.6 * iii2 0345 334 O. 442.3 1154.6 * 3 0735 668 O. 442.3 1154.6 * iii* * m*********************************************************************************************************************************** m
PEAK FLOII TIME MAXIMUM AVERAGE FLOII iii

m6-HR 24-HR 72-HR 83.25-HR iii+ (CFS) (HR) iii(CFS)
m+ O. 23.00 O. O. O. O. iii(INCHES) 0.000 0.000 0.000 0.000 iii(AC- FT) O. O. O. o. m

PEAK STORAGE TIME MAXIMUM AVERAGE STORAGE iii
m6-HR 24-HR 72-HR 83.25-HR iii+ (AC-FT ) (HR)
m442. 25.83 442. 442. 414. 358. m

PEAK STAGE TIME MAXIMUM AVERAGE STAGE fkk
m

~t/do
iii6-HR 24-HR 72-HR 83.25-HR iii+ (FEET) (HR) iii1154.61 25.83 1154.62 1154.63 1153.07 1149.95

d m- 29.79 SQ MI iiiCUMULATIVE AREA = iii
m
m

*** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** I!!I
!!!
iii

************** m
* * iii

703 KK * RRCB * m
* * m
************** iii

m
705 KO OUTPUT CONTROL VARIABLES

IPRNT 2 PRINT CONTROL

• • •
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IPLOT 0 PLOT CONTROL iii
iiiQSCAL O. HYDROGRAPH PLOT SCALE iii

706 DR RETRIEVE DIVERSION HYDROGRAPH iii
iiiISTAD RCB DIVERSION HYDROGRAPH IDENTIFICATION iii

*** iii
iii

*********************************************************************************************************************************** iii
iii

HYDROGRAPH AT STATION RRCB iii
iii

*********************************************************************************************************************************** iii
* * * iii

DA MON HRMN ORO FLOW * DA MON HRMN ORO FLOW * DA MON HRMN ORO FLOW * DA MON HRMN ORO FLOW iii
* * * iii

0000 1 0•. * 1 2050 251 672. * 2 1740 501 225. * 3 1430 751 46. iii
!!!0005 2 o. * 1 2055 252 672. * 2 1745 502 224. * 3 1435 752 46. iii0010 3 o. * 1 2100 253 672. * 2 1750 503 216. * 3 1440 753 46. m0015 4 o. * 1 2105 254 672. * 2 1755 504 194. * 3 1445 754 46. iii0020 5 O. * 1 2110 255 672. * 2 1800 505 159. * 3 1450 755 46. iii0025 6 O. * 1 2115 256 672. * 2 1805 506 125. * 3 1455 756 46. iii0030 7 O. * 1 2120 257 672. * 2 1810 507 107. * 3 1500 757 46. iii0035 8 o. * 1 2125 258 672. * 2 1815 508 126. * 3 1505 758 46. m0040 9 o. * 1 2130 259 672. * 2 1820 509 174. * 3 1510 759 46. iii0045 10 O. * 1 2135 260 672. * 2 1825 510 207. * 3 1515 760 46. iii0050 11 O. * 1 2140 261 672. * 2 1830 511 219. * 3 1520 761 46. m0055 12 o. * 1 2145 262 670. * 2 1835 512 222. * 3 1525 762 46. iii0100 13 o. * 1 2150 263 663. * 2 1840 513 223. * 3 1530 763 46. iii0105 14 o. * 1 2155 264 647. * 2 1845 514 223. * 3 1535 764 46. iii0110 15 o. * 1 2200 265 631. * 2 1850 515 223. * 3 1540 765 46. m0115 16 o. * 1 2205 266 624. * 2 1855 516 223. * 3 1545 766 46. iii0120 17 o. * 1 2210 267 633. * 2 1900 517 223. * 3 1550 767 46. m0125 18 o. * 1 2215 268 662. * 2 1905 518 223. * 3 1555 768 46. iii0130 19 o. * 1 2220 269 671. * 2 1910 519 223. * 3 1600 769 46. iii0135 20 o. * 1 2225 270 673. * 2 1915 520 222. * 3 1605 770 46. iii0140 21 o. * 1 2230 271 674. * 2 1920 521 222. * 3 1610 771 46. iii0145 22 o. * 1 2235 272 673. * 2 1925 522 222. * 3 1615 772 46. Hi0150 23 o. * 1 2240 273 672. * 2 1930 523 222. * 3 1620 773 46. m0155 24 o. * 1 2245 274 672. * 2 1935 524 222. * 3 1625 774 46 •. iii0200 25 O. * 1 2250 275 671. * 2 1940 525 222. * 3 1630 775 46. iii0205 26 o. * 1 2255 276 671. * 2 1945 526 220. * 3 1635 776 46. m0210 27 o. * 1 2300 277 671. * 2 1950 527 213. * 3 1640 777 46. iii0215 28 o. * 1 2305 278 671. * 2 1955 528 191. * 3 1645 778 46. iii0220 29 o. * 1 2310 279 671. * 2 2000 529 157. * 3 1650 779 46. m0225 30 o. * 1 2315 280 671. * 2 2005 530 123. * 3 1655 780 46. iii0230 31 o. * 1 2320 281 670. * 2 2010 531 104. * 3 1700 781 46. m0235 32 o. * 1 2325 282 670. * 2 2015 532 121. * 3 1705 782 46.

0240 33 o. * 1 2330 283 670. * 2 2020 533 168. * 3 1710 783 46. in
iii0245 34 o. * 1 2335 284 670. * 2 2025 534 204. * 3 1715 784 46. m0250 35 o. * 1 2340 285 670. * 2 2030 535 216. * 3 1720 785 46. iii0255 36 o. * 1 2345 286 669. * 2 2035 536 219. * 3 1725 786 46. iii0300 37 o. * 1 2350 287 662. * 2 2040 537 220. * 3 1730 787 46. m0305 38 o. * 1 2355 288 643. * 2 2045 538 220. * 3 1735 788 46. iii0310 39 o. * 2 0000 289 626. * 2 2050 539 220. * 3 1740 789 46. Hi0315 40 o. * 2 0005 290 614. * 2 2055 540 220. * 3 1745 790 46. m0320 41 o. * 2 0010 291 617. * 2 2100 541 220. * 3 1750 791 46.

0325 42 o. * 2 0015 292 637. * 2 2105 542 220. * 3 1755 792 46.
0330 43 O. * 2 0020 293 666. * 2 2110 543 220. * 3 1800 793 46.
0335 44 o. * 2 0025 294 666. * 2 2115 544 220. * 3 1805 794 46.
0340 45 o. * 2 0030 295 666. * 2 2120 545 220. * 3 1810 795 46.
0345 46 o. * 2 0035 296 665. * 2 2125 546 220. * 3 1815 796 46.
0350 47 o. * 2 0040 297 664. * 2 2130 547 220. * 3 1820 797 46.
0355 48 o. * 2 0045 298 663. * 2 2135 548 220. * 3 1825 798 46.
0400 49 o. * 2 0050 299 662. * 2 2140 549 219. * 3 1830 799 46.
0405 50 O. * 2 0055 300 661. * 2 2145 550 218. * 3 1835 800 46.
0410 51 O. * 2 0100 301 660. * 2 2150 551 210. * 3 1840 801 46.
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1 0950 119 O. • 2 0640 369 359. • 3 0330 619 57. • 4 0020 869 46. !I!
1 0955 120 O. • 2 0645 370 357. • 3 0335 620 57. • 4 0025 870 46. iii
1 1000 121 O. • 2 0650 371 355. • 3 0340 621 57. • 4 0030 871 46. iii
1 1005 122 O. • 2 0655 372 352. • 3 0345 622 56. • 4 0035 872 46. iii
1 1010 123 O. • 2 0700 373 348. • 3 0350 623 56. • 4 0040 873 46. iii
1 1015 124 O. • 2 0705 374 345. • 3 0355 624 55. • 4 0045 874 46. iii
1 1020 125 O. • 2 0710 375 342. • 3 0400 625 52. • 4 0050 875 46. iii
1 1025 126 O. • 2 0715 376 339. • 3 0405 626 46. • 4 0055 876 46. iii
1 1030 127 O. • 2 0720 377 336. • 3 0410 627 38. • 4 0100 877 46. iii
1 1035 128 O. • 2 0725 378 333. • 3 0415 628 3" • 4 0105 878 46. iii
1 1040 129 O. • 2 0730 379 330. • 3 0420 629 29. • 4 0110 879 46. iii
1 1045 130 O. • 2 0735 380 327. • 3 0425 630 36. • 4 0115 880 46. m

iii1 1050 131 O. • 2 0740 381 324. • 3 0430 631 47. • 4 0120 881 46. iii1 1055 132 O. • 2 0745 382 320. • 3 0435 632 52. • 4 0125 882 46.
1 1100 133 O. • 2 0750 383 307. • 3 0440 633 54. • 4 0130 883 46. m
1 1105 134 O. • 2 0755 384 269. • 3 0445 634 55. • 4 0135 884 46. m

iii1 1110 135 O. • 2 0800 385 218. • 3 0450 635 55. • 4 0140 885 46. !!!1 1115 136 O. • 2 0805 386 174. • 3 0455 636 55. • 4 0145 886 46.
1 1120 137 O. • 2 0810 387 167. • 3 0500 637 55. • 4 0150 887 46. m
1 1125 138 O. • 2 0815 388 211. • 3 0505 638 55. • 4 0155 888 46. m
1 1130 139 O. • 2 0820 389 265. • 3 0510 639 55. • 4 0200 889 46. iii
1 1135 140 O. • 2 0825 390 291. • 3 0515 640 55. • 4 0205 890 46. iii
1 1140 141 O. • 2 0830 391 299. • 3 0520 641 55. • 4 0210 891 46. m
1 1145 142 O. • 2 0835 392 300. • 3 0525 642 54. • 4 0215 892 46. iii
1 1150 143 O. • 2 0840 393 300. • 3 0530 643 54. • 4 0220 893 46. m

iii1 1155 144 O. • 2 0845 394 299. • 3 0535 644 54. • 4 0225 894 46. iii1 1200 145 O. • 2 0850 395 297. • 3 0540 645 54. • 4 0230 895 46. iii1 1205 146 O. • 2 0855 396 296. • 3 0545 646 54. • 4 0235 896 46. iii1 1210 147 O. • 2 0900 397 295. • 3 0550 647 54. • 4 0240 897 46. m1 1215 148 O. • 2 0905 398 294. • 3 0555 648 53. • 4 0245 898 46.
1 1220 149 O. • 2 0910 399 292. • 3 0600 649 50. • 4 0250 899 46. m
1 1225 150 O. • 2 0915 400 29" • 3 0605 650 44. • 4 0255 900 46. iii

iii1 1230 151 O. • 2 0920 401 290. • 3 0610 651 37. • 4 0300 901 46. m1 1235 152 O. • 2 0925 402 289. • 3 0615 652 30. • 4 0305 902 46.
1 1240 153 O. • 2 0930 403 288. • 3 0620 653 28. • 4 0310 903 46. iii
1 1245 154 530. • 2 0935 404 286. • 3 0625 654 33. • 4 0315 904 46. III1 1250 155 634. • 2 0940 405 285. • 3 0630 655 43. • 4 0320 905 46.
1 1255 156 729. • 2 0945 406 28" • 3 0635 656 49. • 4 0325 906 46. iii
1 1300 157 754. • 2 0950 407 268. • 3 0640 657 52. • 4 0330 907 46. iii
1 1305 158 766. • 2 0955 408 238. • 3 0645 658 52. • 4 0335 908 46. iii
1 1310 159 776. • 2 1000 409 195. • 3 0650 659 53. • 4 0340 909 46. iii
1 1315 160 784. • 2 1005 410 154. • 3 0655 660 53. • 4 0345 910 46. iii

iii1 1320 161 792. • 2 1010 411 143. • 3 0700 661 53. • 4 0350 911 46. iii1 1325 162 798. • 2 1015 412 18" • 3 0705 662 52. • 4 0355 912 46. m1 1330 163 802. • 2 1020 413 233. • 3 0710 663 52. • 4 0400 913 46. iii1 1335 164 804. • 2 1025 414 26" • 3 0715 664 52. • 4 0405 914 46. iii1 1340 165 802. • 2 1030 415 269. • 3 0720 665 52. • 4 0410 915 46. m1 1345 166 796. • 2 1035 416 271. • 3 0725 666 52. • 4 0415 916 46.
1 1350 167 785. • 2 1040 417 27" • 3 0730 667 52. • 4 0420 917 46. iii
1 1355 168 770. • 2 1045 418 270. • 3 0735 668 52. • 4 0425 918 46. m
1 1400 169 759. • 2 1050 419 269. • 3 0740 669 52. • 4 0430 919 46. iii
1 1405 170 758. • 2 1055 420 268. • 3 0745 670 52. • 4 0435 920 46.
1 1410 171 764. • 2 1100 421 267. • 3 0750 671 52. • 4 0440 921 46.
1 1415 172 767. • 2 1105 422 266. • 3 0755 672 5" • 4 0445 922 46.
1 1420 173 765. • 2 1110 423 265. • 3 0800 673 49. • 4 0450 923 46.
1 1425 174 761, • 2 1115 424 263. • 3 0805 674 44. • 4 0455 924 46.
1 1430 175 759. • 2 1120 425 262. • 3 0810 675 36. • 4 0500 925 46.
1 1435 176 757. • 2 1125 426 26" • 3 0815 676 29. • 4 0505 926 46.
1 1440 177 757. • 2 1130 427 260. • 3 0820 677 25. • 4 0510 927 46.
1 1445 178 755. • 2 1135 428 259. • 3 0825 678 32. • 4 0515 928 46.
1 1450 179 752. • 2 1140 429 258. • 3 0830 679 43. • 4 0520 929 46.
1 1455 180 748. • 2 1145 430 256. • 3 0835 680 48. • 4 0525 930 46.
1 1500 181 744. • 2 1150 431 245. • 3 0840 681 50. • 4 0530 931 46.
1 1505 182 741. • 2 1155 432 218. • 3 0845 682 50. • 4 0535 932 46.
1 1510 183 737. • 2 1200 433 179. • 3 0850 683 50. • 4 0540 933 46.
1 1515 184 734. • 2 1205 434 140. • 3 0855 684 50. • 4 0545 934 46.
1 1520 185 731, • 2 1210 435 126. • 3 0900 685 50. • 4 0550 935 46.
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46.
46.
46.
46.
46.
46.
46.
46.
46.
46.
46.
46.
46.
46.
46.
46.
46.
46.
46.
46.
46.
46.
46.
46.
46.
46.
46.
46.
46.
46.
46.
46.
46.
46.
46.
46.
46.
46.
46.
46.
46.
46.
46.
46.
46.
46.
46.
46.
46.
46.
46.
46.
46.
46.
46.
46.
46.
46.
46.
46.
46.
46.
46.
46.
46.

0555 936
0600 937
0605 938
0610 939
0615 940
0620 941
0625 942
0630 943
0635 944
0640 945
0645 946
0650 947
0655 948
0700 949
0705 950
0710 951
0715 952
0720 953
0725 954
0730 955
0735 956
0740 957
0745 958
0750 959
0755 960
0800 961
0805 962
0810 963
0815 964
0820 965
0825 966
0830 967
0835 968
0840 969
0845 970
0850 971
0855 972
0900 973
0905 974
0910 975
0915 976
0920 977
0925 978
0930 979
0935 980
0940 981
0945 982
0950 983
0955 984
1000 985
1005 986
1010 987
1015 988
1020 989
1025 990
1030 991
1035 992
1040 993
1045 994
1050 995
1055 996
1100 997
1105 998
1110 299
1115 1000

4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4

•

728.
726.
724.
72L
716.
710.
700.
691.
689.
695.
70L
70L
698.
696.
694.
692.
690.
688.
687.
686.
684.
682.
679.
677.
675.
673.
67L
670.
670.
666.
657.
641.
638.
653.
666.
67L
67L
671.
67L
670.
670.
670.
67L
67L
67L
671.
672.
673.
673.
672.
67L
671.
669.
663.
648.
633.
628.
637.
664.
670.
67L
671.
671.
671.
672.

186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250

1525
1530
1535
1540
1545
1550
1555
1600
1605
1610
1615
1620
1625
1630
1635
1640
1645
1650
1655
1700
1705
1710
1715
1720
1725
1730
1735
1740
1745
1750
1755
1800
1805
1810
1815
1820
1825
1830
1835
1840
1845
1850
1855
1900
1905
1910
1915
1920
1925
1930
1935
1940
1945
1950
1955
2000
2005
2010
2015
2020
2025
2030
2035
2040
2045

•

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

* 2 1215 436 157. * 3 0905 686 50. *
* 2 1220 437 208. * 3 0910 687 50. *
* 2 1225 438 235. * 3 0915 688 50. *
* 2 1230 439 244. * 3 0920 689 50. *
* 2 1235 440 246. * 3 0925 690 50. *
* 2 1240 441 246. * 3 0930 691 50. *
* 2 1245 442 246. * 3 0935 692 50. *
* 2 1250 443 245. * 3 0940 693 50. *
* 2 1255 444 244. * 3 0945 694 49. *
* 2 1300 445 243. * 3 0950 695 49. *
* 2 1305 446 242. * 3 0955 696 49. *
* 2 1310 447 241. * 3 1000 697 47. *
* 2 1315 448 241. * 3 1005 698 41. *
* 2 1320 449 240. * 3 1010 699 34. *
* 2 1325 450 239. * 3 1015 700 28. *
* 2 1330 451 238. * 3 1020 701 24. *
* 2 1335 452 237. * 3 1025 702 28. *
* 2 1340 453 237. * 3 1030 703 37. *
* 2 1345 454 235. * 3 1035 704 44. *
* 2 1350 455 226. * 3 1040 705 47. *
* 2 1355 456 202. * 3 1045 706 47. *
* 2 1400 457 167. * 3 1050 707 48. *
* 2 1405 458 131. * 3 1055 708 48. *
* 2 1410 459 115. * 3 1100 709 48. *
* 2 1415 460 138. * 3 1105 710 47. *
* 2 1420 461 188. * 3 1110 711 47. *
* 2 1425 462 218. * 3 1115 712 47. *
* 2 1430 463 228. * 3 1120 713 47. *
* 2 1435 464 231. * 3 1125 714 47. *
* 2 1440 465 232. * 3 1130 715 47. *
* 2 1445 466 232. * 3 1135 716 47. *
* 2 1450 467 232. * 3 1140 717 47. *
* 2 1455 468 232. * 3 1145 718 47. *
* 2 1500 469 231. * 3 1150 719 46. *
* 2 1505 470 231. * 3 1155 720 46. *
* 2 1510 471 231. * 3 1200 721 46. *
* 2 1515 472 231. * 3 1205 722 46. *
* 2 1520 473 230. * 3 1210 723 46. *
* 2 1525 474 230. * 3 1215 724 46. *
* 2 1530 475 230. * 3 1220 725 46. *
* 2 1535 476 230. * 3 1225 726 46. *
* 2 1540 477 229. * 3 1230 727 46. *
* 2 1545 478 228. * 3 1235 728 46. *
* 2 1550 479 220. * 3 1240 729 46. *
* 2 1555 480 197. * 3 1245 730 46. *
* 2 1600 481 162. * 3 1250 731 46. *
* 2 1605 482 127. * 3 1255 732 46. *
* 2 1610 483 110. * 3 1300 733 46. *
* 2 1615 484 129. * 3 1305 734 46. *
* 2 1620 485 178. * 3 1310 735 46. *
* 2 1625 486 211. * 3 1315 736 46. *
* 2 1630 487 223. * 3 1320 737 46. *
* 2 1635 488 226. * 3 1325 738 46. *
* 2 1640 489 227. * 3 1330 739 46. *
* 2 1645 490 227. * 3 1335 740 46. *
* 2 1650 491 227. * 3 1340 741 46. *
* 2 1655 492 227. * 3 1345 742 46. *
* 2 1700 493 226. * 3 1350 743 46. *
* 2 1705 494 226. * 3 1355 744 46. *
* 2 1710 495 226. * 3 1400 745 46. *
* 2 1715 496 226. * 3 1405 746 46. *
* 2 1720 497 226. * 3 1410 747 46. *
* 2 1725 498 226. * 3 1415 748 46. *

: ~ ~Hg~gg ~~t: ~U-~ t~g i~::
* * *

***********************************************************************************************************************************



PEAK FLOW TIME MAXIMUM AVERAGE FLOW
6-HR 24-HR 72-HR 83.25-HR

+ (CFS) (HR)
(CFS)

+ 804. 13.58 718. 535. 236. 204.
(INCHES) 0.224 0.668 0.885 0.885
(AC-FT) 356. 1062. 1407. 1407.

CUMULATIVE AREA = 0.00 SQ MI

204.
0.885
1407.

***

83.25-HR

***

236.
0.885
1407.

***

535.
0.668
1062.

29.79 SQ MI

***

6-HR

o

HYDROGRAPH AT STATION OUTFL

MAXIMUM AVERAGE FLOW
24-HR 72-HR

(CFS)
718.

(INCHES) 0.224
(AC-FT) 356.

CUMULATIVE AREA =
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

***

OUTPUT CONTROL VARIABLES
IPRNT 3 PRINT CONTROL
IPLOT 0 PLOT CONTROL
QSCAL O. HYDROGRAPH PLOT SCALE

HYDROGRAPH COMBINATION
ICOMP 2 NUMBER OF HYDROGRAPHS TO COMBINE

TIME

(HR)

13.58

**************
* ** OUTFL *
* ***************

***

709 KO

PEAK FLOW

(CFS)

804.

707 KK

710 HC

*** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ***

+

MANE2 NPLAN,NSTM

+

MANE2 NPLAN,NSTM
MANE2 NPLAN,NSTM
MANE2 NPLAN,NSTM
MANE2 NPLAN,NSTM
MANE2 NPLAN,NSTM
MANE2 NPLAN,NSTM
MANE2 NPLAN,NSTM
MANE2 NPLAN,NSTM
MANE2 NPLAN,NSTM
MANE2 NPLAN,NSTM
MANE2 NPLAN,NSTM
MANE2 NPLAN,NSTM
MANE2 NPLAN,NSTM
MANE2 NPLAN,NSTM
MANE2 NPLAN,NSTM
MANE2NPLAN,NSTM
MANE2 NPLAN,NSTM
MANE2 NPLAN,NSTM
MANE2 NPLAN,NSTM
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MANE2 NPLAN,NSTM 1 0 iii
MANE2 NPLAN,NSTM 1 0 iii
MANE2 NPLAN,NSTM 1 0 m
MANE2 NPLAN,NSTM 1 0 I!!
MANE2NPLAN,NSTM 1 0 iii
MANE2 NPLAN,NSTM 1 0 iii

iiiMANE2 NPLAN,NSTM 1 0 !IiMANE2 NPLAN,NSTM 1 0
MANE2 NPLAN,NSTM 1 0 iii
MANE2 NPLAN,NSTM 1 0 iii

!iiMANE2 NPLAN,NSTM 1 0 !IiMANE2 NPLAN,NSTM 1 0
MANE2 NPLAN,NSTM 1 0 iii
MANE2 NPLAN,NSTM 1 0 iii

!iiMANE2 NPLAN,NSTM 1 0 !IiMANE2 NPLAN,NSTM 1 0
MANE2 NPLAN,NSTM 1 .0 iii
MANE2 NPLAN,NSTM 1 0 iii
MANE2 NPLAN,NSTM 1 0
MANE2· NPLAN,NSTM 1 0
MANE2 NPLAN,NSTM 1 0
MANE2 NPLAN,NSTM 1 0
MANE2 NPLAN,NSTM 1 0
MANE2 NPLAN,NSTM 1 0
MANE2 NPLAN,NSTM 1 0
MANE2 NPLAN,NSTM 1 0
MANE2 NPLAN,NSTM 1 0
MANE2 NPLAN,NSTM 1 0
MANE2 NPLAN,NSTM 1 0
MANE2 NPLAN,NSTM 1 0
MANE2 NPLAN,NSTM 1 0
MANE2 NPLAN,NSTM 1 0
MANE2 NPLAN,NSTM 1 0
MANE2 NPLAN,NSTM 1 0
MANE2 NPLAN,NSTM 1 0
MANE2 NPLAN,NSTM 1 0
MANE2 NPLAN,NSTM 1 0
MANE2NPLAN,NSTM 1 0
MANE2 NPLAN,NSTM 1 0
MANE2 NPLAN,NSTM 1 0
MANE2 NPLAN,NSTM 1 0
MANE2 NPLAN,NSTM 1 0
MANE2 NPLAN,NSTM 1 0
MANE2 NPLAN,NSTM 1 0
MANE2 NPLAN,NSTM 1 0
MANE2 NPLAN,NSTM 1 0
MANE2 NPLAN,NSTM 1 0
MANE2 NPLAN,NSTM 1 0
MANE2 NPLAN,NSTM 1 0
MANE2 NPLAN,NSTM 1 0
MANE2 NPLAN,NSTM 1 0
MANE2 NPLAN,NSTM 1 0
MANE2 NPLAN,NSTM 1 0
MANE2NPLAN,NSTM 1 0
MANE2 NPLAN,NSTM 1 0
MANE2 NPLAN,NSTM 1 0
MANE2 NPLAN,NSTM 1 0
MANE2 NPLAN,NSTM 1 0
MANE2 NPLAN,NSTM 1 0
MANE2 NPLAN,NSTM 1 0
MANE2 NPLAN,NSTM 1 0
MANE2 NPLAN,NSTM 1 0
MANE2 NPLAN,NSTM 1 0
MANE2 NPLAN,NSTM 1 0
MANE2NPtAN~NSTM 1 0
MANE2 NPLAN,NSTM 1 0
MANE2 NPLAN,NSTM 1 0

mHmmmm

• • •
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MANE2 NPLAN,NSTM 1 0 m
iii

MANE2 NPLAN,NSTM 1 0 iii1 mRUNOFF SUMMARY mFLOW IN CUBIC FEET PER SECOND iii
TIME IN HOURS, AREA IN SQUARE MILES m

PEAK TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD BASIN MAXIMUM TIME OF m
mOPERATION STATION FLOW PEAK AREA STAGE MAX STAGE iii+ 6-HOUR 24-HOUR 72-HOUR m

HYDROGRAPH AT iii
iii+ bash 764. 13.58 327. 255. 126. 6.76 m

HYDROGRAPH AT m
m+ CHNDLR 100. 13.00 90. 90. 45. 0.00 iii

2 COMBINED AT !I!
m+ cchand 864. 13.58 417. 344. 171. 6.76 iii

HYDROGRAPH AT
iii
!!!+ interc 200. 12.17 38. 10. 3. 0.16 m

2 COMBINED AT
iii
iii

+ addTI 904. 13.58 428. 350. 174. 6.92 m
HYDROGRAPH AT

iii
iii

+ basg 954. 14.00 337. 109. 36. 4.37 m
iii

ROUTED TO iii
+ rbasg 190. 16.83 180. 105. 36. 4.37 iii
+ 1180.46 16.83 iii

ROUTED TO
iii
m+ rtbasg 190. 16.92 180. 105. 36. 4.37 iii

2 COMBINED AT m
m+ cinter 938. 13.58 569. 454. 211. 11.29 m

HYDROGRAPH AT m
m+ MCSWL2 48. 13.17 15. 4. 1. 0.16 m

2 COMBINED AT m
iii

+ cbash 975. 13.58 581. 459. 212. 11.45 m
ROUTED TO iii

m+ RT1 969. 13.58 581. 458. 212. 11.45 m
HYDROGRAPH AT

iii
iii

+ MCSWL3 52. 13.17 17. 5. 2. 0.17 iii
2 COMBINED AT

iii
iii

+ COMB1 1011. 13.58 595. 463. 214. 11.62 m
HYDROGRAPH AT

iii
m+ SECT25 222. 13.25 77. 24. 8. 1.00 m

ROUTED TO iii
iii

+ RT1 222. 13.50 77. 24. 8. 1.00 iii

HYDROGRAPH AT iii
iii

+ SECT36 92. 13.33 34. 11. 4. 0.51 Hi
3 COMBINED AT m

+ SECT36 1315. 13.58 704. 498. 225. 13.13

HYDROGRAPH AT
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iii

+ mccl in 200. 12.08 29. 8. 3. 0.11 m
iii

2 COMBINED AT iii
+ cmcln 1332. 13.50 711. 504. 228. 13.24 !!!

!!!

ROUTED TO m
iii+ RT2536 1319. 13.58 711. 504. 228. 13.24 m

HYDROGRAPH AT iii
!I!+ RUSWL1 5. 14.75 4. 1. O. 0.21 m

ROUTED TO iii
iii

+ RT1 5. 14.83 4. 1. O. 0.21 !!!
HYDROGRAPH AT iii

+ RUSWL2 2. 14.33 1. O. O. 0.09 iii
iii

ROUTED TO m
iii

+ RT2 2. 14.58 1. O. O. 0.09 iii
HYDROGRAPH AT !!!

iii
+ RUSWL3 42. 12.83 10. 3. 1. 0.10 !!!

4 COMBINED AT m
+ COMB1 1338. 13.58 722. 509. 229. 13.64 m

iii

ROUTED TO m
iii

+ RT3 1334. 13.58 722. 509. 229. 13.64 !!!
HYDROGRAPH AT iii

+ RUSWL4 3. 14.33 2. 1. O. 0.16 iii
iii

HYDROGRAPH AT iii
iii+ RUSWL5 74. 12.50 12. 4. 1. 0.09 m

ROUTED TO iii
!!!+ RT4 73. 12.58 12. 4. 1. 0.09 iii

HYDROGRAPH AT iii
!!!+ RUSWL6 3. 14.00 2. 1. O. 0.15 iii

3 COMBINED AT !!!
m+ COMB2 73. 12.58 16. 5. 2. 0.40 iii

ROUTED TO iii
+ RT5 72. 12.67 16. 5. 2. 0.40 m

iii
HYDROGRAPH AT m

+ RUSWL7 2. 14.00 2. 1. O. 0.13 iii
iii

HYDROGRAPH AT iii
!!!+ RUSWL8 32. 12.33 4. 1. O. 0.06 iii

HYDROGRAPH AT !!!
iii+ RUSWL9 64. 12.42 10. 3. 1. 0.10 iii

5 COMBINED AT iii

+ SW34 1365. 13.58 748. 519. 233. 14.33

ROUTED TO
+ RT35 1345. 13.67 748. 519. 233. 14.33

HYDROGRAPH AT
+ SECT9 94. 12.75 22. 7. 2. 0.33

HYDROGRAPH AT
+ SECT10 9. 13.17 3. 1. O. 0.03

• • •
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iii

HYDROGRAPH AT iii
iii

"I: SECT10 37. 12.92 11. 4. 1. 0.19 iii
ROUTED TO iii

iii+ RT1 37. 13.08 11. 4. 1. 0.19 iii
3 COMBINED AT iii

+ COMB1 122. 12.83 35. 11. 4. 0.55 !!!
ROUTED TO iii

iii+ RT2 121. 13.42 35. 11. 4. 0.55 iii

HYDROGRAPH AT !!!
iii+ SECT16 69. 12.67 13. 4. 1. 0.14 iii

HYDROGRAPH AT iii
iii+ SECT15 94. 13.25 31. 9. 3. 0.31 iii

3 COMBINED AT m
iii

+ COMB2 231. 13.42 78. 24. 8. 1.00 !!!
ROUTED TO iii

m+ RT3 229. 13.67 77. 24. 8. 1.00 iii
HYDROGRAPH AT m

iii+ SECT21 186. 12.83 44. 13. 4. 0.42 iii
HYDROGRAPH AT iii

iii+ SECT22 143. 12.75 37. 12. 4. 0.82 iii

3 COMBINED AT !!!
iii

+ COMB3 421. 12.92 157. 49. 16. 2.24 iii
ROUTED TO m

iii
+ RT4 417. 13.08 156. 49. 16. 2.24 iii

HYDROGRAPH AT iii
!!!+ SECT12 6. 15.08 5. 2. 1. 0.50 jii

ROUTED TO m
iii

+ RT5 6. 15.58 4. 2. 1. 0.50 m
HYDROGRAPH AT iii

iii+ SECT11 51. 13.25 21. 7. 2. 0.51 iii
2 COMBINED AT !!!

In+ COMB4 51. 13.25 24. 9. 3. 1.01 iii

ROUTED TO !!!
iii+ RT6 51. 13.50 24. 9. 3. 1.01 iii

HYDROGRAPH AT iii
iii+ SECT10 65. 12.75 19. 6. 2. 0.50 iii

2 COMBINED AT !!!
iii+ COMB5 84. 13.33 42. 15. 5. 1.51 iii

ROUTED TO iii

+ RT7 84. 13.92 41. 15. 5. 1.51 l!!

HYDROGRAPH AT
+ SECT13 54. 12.92 26. 10. 3. 1.00

ROUTED TO
+ RT8 54. 13.42 26. 10. 3. 1.00



SVRD05-2.0UT 05-26-1998 at 17:13:47 Page 86 liii
!!!

HYDROGRAPH AT iii
+ SECT14 15. 14.50 10. 4. 1. 1.00 iii

iii
HYDROGRAPH AT iii

iii+ SECT15 81. 13.25 31. 10. 3. 0.69 iii
4 COMBINED AT !!!

+ COMB6 207. 13.67 104. 39. 13. 4.20 iii
iii

ROUTED TO !!!
+ RT9 207. 14.08 104. 39. 13. 4.20 iii

iii

HYDROGRAPH AT !!!
+ SECT24 27. 13.75 17. 7. 2. 1.00 iii

iii
ROUTED TO i!!

iii+ RT10 27. 14.33 17. 7. 2. 1.00 iii
HYDROGRAPH AT !!I

+ SECT23 14. 15.17 10. 4. 1. 1.00 iii
iii

HYDROGRAPH AT ii!
iii

+ SECT22 79. 12.50 13. 4. 1. 0.13 iii
4 COMBINED AT iii

!!!+ COMB7 251- 14.17 134. 54. 18. 6.33 iii
ROUTED TO iii

iii+ RT11 251. 14.42 134. 54. 18. 6.33 Ii!
HYDROGRAPH AT iii

iii+ SECT26 221. 13.33 79. 24. 8. 1.00 !!!
2 COMBINED AT m

+ COMB8 365. 14.25 207. 79. 26. 7.33 iii
III

ROUTED TO iii
!!!+ RT12 364. 14.50 206. 79. 26. 7.33 iii

HYDROGRAPH AT iii
iii+ SECT28 71. 12.83 23. 8. 3. 0.69 !!!

HYDROGRAPH AT iii
+ SECT27 119. 13.92 60. 20. 7. 1.00 iii

iii
4 COMBINED AT iii

m+ COMB9 760. 13.33 439. 156. 52. 11.26 iii

ROUTED TO iii
!!!+ RT13 757. 13.50 437. 155. 52. 11.26 iii

HYDROGRAPH AT iii
iii+ SECT34 93. 13.50 39. 12. 4. 0.67 iii

3 COMBINED AT iii
+ COMBB 2179. 13.58 1217. 687. 289. 26.26 !!!

iii
HYDROGRAPH AT iii

+ SECT33 126. 12.75 28. 8. 3. 0.26 iii
iii

2 COMBINED AT !!!
+ COMBB 2221. 13.58 1240. 695. 291. 26.52

HYDROGRAPH AT
+ SECT16 4. 14.83 3. 1. O. 0.23

ROUTED TO

• • •
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+ RT1 4. 15.83 3. 1. O. 0.23 iii
iii

HYDROGRAPH AT iii
iii+ SECT20 267. 12.42 38. 11. 4. 0.29 iii

2 COMBINED AT iii
iii+ COMB1 267. 12.42 40. 12. 4. 0.52 iii

ROUTED TO iii
iii+ RT2 264. 12.75 39. 12. 4. 0.52 iii

HYDROGRAPH AT iii
iii+ SECT29 95. 13.00 29. 9. 3. 0.50 iii

2 COMBINED AT
iii
!!!+ COMB2 342. 12.75 68. 21. 7. 1.02 iii

ROUTED TO iii
iii+ RT3 332. 13.00 68. 21. 7. 1.02 iii

HYDROGRAPH AT
iii
!!!+ SECT16 215. 12.75 49. 14. 5. 0.50 iii

ROUTED TO !!!
iii+ RT4 212. 13.08 48. 14. 5. 0.50 iii

HYDROGRAPH AT iii
iii

+ SECT21 217. 12.83 53. 16. 5. 0.59 iii
2 COMBINED AT

iii
!!!+ COMB3 405. 13.00 101. 30. 10. 1.09 iii

ROUTED TO
iii
!!!+ RT5 397. 13.33 100. 30. 10. 1.09 iii

HYDROGRAPH AT !!!
iii+ SECT28 76. 12.92 21. 6. 2. 0.30 iii

2 COMBINED AT !!!
iii

+ COMB4 452. 13.25 120. 37. 12. 1.39 iii
ROUTED TO

iii
!!!+ RT6 443. 13.42 119. 37. 12. 1.39 iii

HYDROGRAPH AT iii
iii+ SECT32 135. 12.83 32. 10. 3. 0.33 iii

3 COMBINED AT
iii
!!!+ OUTLTC 719. 13.42 217. 68. 23. 2.74 iii

HYDROGRAPH AT iii
iii

+ SECT33 126. 12.50 24. 8. 3. 0.53 !!!
2 COMBINED AT iii

iii
+ WCHAN 749. 13.42 241. 75. 25. 3.27 Hi

2 COMBINED AT in

m h"~b7
iii

+ INBB 2885. 13.58 1478. 770. 316. 29.79 ;.IwL iii

ROUTED TO
Hi
!!!+ RFBAY 2881. 13.58 1460. 758. 311. 29.79 iii+ 1154.41 13.58 m

DIVERSION TO iii
Hi+ RCB 804. 13.58 718. 535. 236. 29.79 iii

HYDROGRAPH AT !!!
m
m
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+ DIVERT 2077. 13.58 742. 223. 74. 29.79 iii
iii
iii

ROUTED TO m+ RBAS O. 23.00 O. O. O. 29.79
Iii+ 1154.61 25.83

HYDROGRAPH AT
iii
!!!+ RRCB 804. 13.58 718. 535. 236. 0.00 iii

2 COMBINED AT iii
iii

+ OUTFL 804. 13.58 718. 535. 236. 29.79 iii
ROUTED TO iii

iii+ Rtgi La 801. 13.67 716. 534. 236. 29.79 iii

HYDROGRAPH AT
iii
!!!+ Gi LaAe 124. 12.33 16. 5. 2. 0.10 iii

2 COMBINED AT iii
iii+ CGi LaE 809. 13.67 720. 535. 237. 29.89 iii

ROUTED TO iii
iii+ RBI10 808. 13.75 719. 535. 237. 29.89 iii

HYDROGRAPH AT iii
iii+ Gi LaAw 145. 12.33 19. 5. 2. 0.11 iii

2 COMBINED AT End PrI·e,el5n1~ 10 ~Ia /)miYl III+ CGILAW 816. 13.75 723. 536. 239. 30.00 I!!

HYDROGRAPH AT
Bt?/~ 4£ S/. / 8ti~ /5

- iii
iii+ M1 248. 12.33 34. 9. 3. 0.11 iii
iii

ROUTED TO !!!+ RtC1 234. 12.33 34. 9. 3. 0.11 iii+ 2.18 12.33 iii

HYDROGRAPH AT if!
iii+ M2 512. 12.25 61. 17. 6. 0.20 iii

ROUTED TO iii
iii

+ RtC2 513. 12.25 61. 17. 6. 0.20 iii
+ 3.72 12.25 !!!

HYDROGRAPH AT
iii
iii

+ A1 62. 12.25 7. 2. 1. 0.04 iii
3 COMBINED AT !!!

iii
+ COMB1 770. 12.25 102. 28. 9. 0.35 m

DIVERSION TO iii
iii

+ SpLt1 462. 12.25 61. 17. 6. 0.35 iii
HYDROGRAPH AT m

ill+ SpL t1 308. 12.25 41. 11. 4. 0.35 iii

ROUTED TO
iii
iii+. RtC3 306. 12.33 41. 11. 4. 0.35 !i!+ 1.92 12.33 iii

HYDROGRAPH AT Hi
iii

+ M3 121. 12.08 9. 2. 1. 0.03 iii
ROUTED TO !!!

iii+ RtC4 97. 12.17 9. 2. 1. 0.03 it!+ 1.93 12.17 iii
iii
!!!

ill::::::!!:::!!!!!;;mm::;!;!!!;;::::i!!
mii;H!!!!!H!!!!!;;;mm!!!!:;:l!!!i!!:
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HYDROGRAPH AT m+ A2 37. 12.17 3. 1- O. 0.02 iii
3 COMBINED AT iii

iii
+ COMB2 389. 12.25 53. 15. 5. 0.40 m

ROUTED TO iii
iii+ RtC5 377. 12.33 53. 15. 5. 0.40 iii+ 2.04 12.33 iii

HYDROGRAPH AT iii
iii

+ M4 581- 12.58 116. 32. 11- 0.38 m
ROUTED TO iii

iii
+ RtR1 580. 12.58 116. 32. 11. 0.38 m+ 2.03 12.58 iii

HYDROGRAPH AT !!!
iii+ A3 59. 12.17 6. 2. 1. 0.04 iii

HYDROGRAPH AT iii
iii

+ A4 129. 12.17 13. 4. 1- 0.07 m
4 COMBINED AT iii

iii
+ COMB3 949. 12.42 188. 53. 18. 0.88 m

DIVERSION TO iii
iii+ RET1 56. 12.42 6. 1- O. 0.88 iii

HYDROGRAPH AT
iii
iii

+ RET1 893. 12.42 183. 51- 17. 0.88 iii
ROUTED TO

iii
m+ RtC6 891- 12.42 183. 51- 17. 0.88 iii+ 3.40 12.42 iii

HYDROGRAPH AT
iii
m+ A5 61- 12.17 6. 2. 1- 0.03 in

2 COMBINED AT m
iii+ COMB4 922. 12.42 189. 53. 18. 0.91 iii

DIVERSION TO m
iii+ Splt2 276. 12.42 57. 16. 5. 0.91 iii

HYDROGRAPH AT iii
iii+ Splt2 645. 12.42 132. 37. 12. 0.91 iii

ROUTED TO iii
m+ RtC7 639. 12.50 132. 37. 12. 0.91 iii+ 4.09 12.50 iii

HYDROGRAPH AT iii
iii

+ A6b 37. 12.17 4. 1- O. 0.02 iii
ROUTED TO m

iii
+ RtR2 36. 12.25 4. 1- O. 0.02 iii+ 1.12 12.25 iii

HYDROGRAPH AT
iii
iii

+ R1 20. 12.17 2. 1- O. 0.01 iii
2 COMBINED AT m

+ Comb5 54. 12.25 6. 2. 1- 0.03

DIVERSION TO
+ DivR1 54. 0.00 6. 2. 1. 0.03
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HYDROGRAPH AT iii
+ DivR1 O. 0.00 O. O. O. 0.03 iii

iii
HYDROGRAPH AT iii

iii+ A6a 69. 12.25 7. 2. 1. 0.04 iii
ROUTED TO !I!

+ RtC8 66. 12.25 7. 2. 1. 0.04 iii
+ 2.15 12.25 iii

iii
HYDROGRAPH AT iii

iii+ A7 17. 12.17 2. O. O. 0.01 iii
4 COMBINED AT iii

iii+ Comb6 692. 12.42 141. 40. 13. 0.99 iii
ROUTED TO !!!

iii+ RtC9 687. 12.50 141. 40. 13. 0.99 iii+ 4.76 12.50 iii
HYDROGRAPH AT iii

!!!+ A8 93. 12.25 11. 3. 1. 0.06 iii
HYDROGRAPH AT m

+ R2 18. 12.17 2. 1. o. 0.01 iii
iii

HYDROGRAPH AT m
+ A29 14. 12.17 1. o. O. 0.01 iii

iii
4 COMBINED AT m

+ COMB7 774. 12.42 155. 44. 15. 1.06 iii
iii

ROUTED TO !!!
+ RtC10 766. 12.42 155. 44. 15. 1.06 iii
+ 4.91 12.42 iii

iii
HYDROGRAPH AT iii

+ A9 70. 12.25 8. 2. 1. 0.04 iii
iii

HYDROGRAPH AT ill
iii+ A30 14. 12.17 1. O. O. 0.01 m

3 COMBINED AT iii
iii+ COMB8 822. 12.42 165. 46. 15. 1.10 iii

DIVERSION TO iii
iii+ Splt3 140. 12.42 40. 11. 4. 1.10 m

HYDROGRAPH AT iii
+ SPLT3 682. 12.42 125. 35. 12. 1.10 iii

iii
ROUTED TO iii

+ RtC11 677. 12.50 125. 35. 12. 1.10 iii
+ 4.74 12.50 iii

iii
HYDROGRAPH AT

+ A11 61- 12,25 7, 2. 1. 0.03
HYDROGRAPH AT

+ A12 5. 12.08 O. O. o. 0.00
DIVERSION TO

+ DvA12 4. 12.17 o. O. o. 0.00
HYDROGRAPH AT

+ DvA12 4. 12.17 O. O. O. 0.00

~iiiiiiiiiiji!!!mi!!iiiiiiiiiii!!!!!!!!!iimiiiimiiiiiii!!!i!iiiiim!!!!!!!!!!mmmi~mmmmmmmmmmmmmmmmm!!i!!!!!!!iiiii!!!!!!!i!!!ii!i!!!!!!!!!jj!i!iimmmmmmmmmmmmmmmmmmmmmmmmmi
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m
2 COMBINED AT ill+ Comb9 64. 12.25 7. 2. 1. 0.04 !!!
ROUTED TO iii

+ RtR3 58. 12.33 7. 2. 1. 0.04 !!!
+ 1.24 12.33 !!!

m
HYDROGRAPH AT m

iii+ A10 86. 12.17 9. 2. 1. 0.04 iii
DIVERSION TO m

m+ DvA10 86. 12.33 4. 1. O. 0.04 m
HYDROGRAPH AT iii

iii+ DvA10 57. 12.33 4. 1. O. 0.04 iii
HYDROGRAPH AT iii

m+ R3 19. 12.17 2. 1. O. 0.01 iii

HYDROGRAPH AT iii
m+ R4 15. 12.17 2. O. O. 0.00 m

5 COMBINED AT iii
m+ Comb10 770. 12.42 140. 39. 13. 1.19 iii

ROUTED TO iii
m+ RtC12 766. 12.50 140. 39. 13. 1.19 iii+ 5.08 12.50 iii

HYDROGRAPH AT iii
iii+ RetR1 54. 12.25 6. 2. 1. 0.00 !!!

ROUTED TO m
iii+ RtR4 43. 12.33 6. 2. 1. 0.00 iii+ 1.17 12.33 m

HYDROGRAPH AT iii
iii+ R6 22. 12.25 3. 1. O. 0.01 m

HYDROGRAPH AT iii
12.08 iii+ A13 3. o. O. o. 0.00 iii

DIVERSION TO iii
iii+ DvA13 3. 13.75 O. o. O. 0.00 !!!

HYDROGRAPH AT iii
iii+ DvA13 o. 13.75 o. o. o. 0.00 iii

3 COMBINED AT m
iii+ Comb11 64. 12.33 9. 3. 1. 0.01 m

ROUTF.D TO iii
iii+ RtC13 60. 12.33 9. 3. 1. 0.01 iii+ 2.21 12.33 iii

HYDROGRAPH AT !!!
iii+ A14 95. 12.33 12. 3. 1. 0.08 iii

DIVERSION TO in
iii+ DvA14 95. 12.83 9. 2. 1. 0.08 iii

HYDROGRAPH AT Hi
iii+ DvA14 25. 12.83 4. 1. O. 0.08 III

HYDROGRAPH AT
+ R7a 13. 12.17 1. O. o.
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iii
!!!

3 COMBINED AT iii
iii

+ Comb12 67. 12.33 13. 4. 1. 0.09 m
ROUTED TO iii

iii
+ RtC14 65. 12.42 13. 4. 1. 0.09 !!!+ 2.27 12.42 iii

HYDROGRAPH AT !!!
+ A15 118. 12.17 11. 3. 1. 0.05 iii

iii
HYDROGRAPH AT iii

+ A31 14. 12.17 1. O. O. 0.00 iii
iii

HYDROGRAPH AT iii
iii+ R7b 13. 12.17 1. O. O. 0.00 iii

HYDROGRAPH AT iii
m+ R5 13. 12.08 1. O. O. 0.00 iii

6 COMBINED AT iii
+ Comb13 882. 12.42 168. 48. 16. 1.34 iii

iii
ROUTED TO iii

+ RtC15 877. 12.50 168. 48. 16. 1.34 iii
+ 4.76 12.50 iii

iii
ROUTED TO iii

+ RtR5 886. 12.50 168. 48. 16. 1.34 iii
+ 1.99 12.50 iii

iii
HYDROGRAPH AT iii

+ R12A 15. 12.17 2. O. O. 0.00

HYDROGRAPH AT
+ A16 43. 12.17 4. 1. O. 0.01

DIVERSION TO
+ DvA16 43. 12.33 3. 1. O. 0.01

HYDROGRAPH AT
+ DvA16 19. 12.33 2. O. O. 0.01

HYDROGRAPH AT
+ A17 128. 12.25 16. 5. 2. 0.07

4 COMBINED AT
+ Comb14 990. 12.50 187. 53. 18. 1.43

ROUTED TO
+ RtR6 997. 12.50 187. 53. 18. 1.43
+ 2.06 12.50

DIVERSION TO
+ 48-Est 499. 12.50 94. 27. 9. 1.43

HYDROGRAPH AT
+ 48-Sth 499. 12,50 94. 27. 9. 1.43

HYDROGRAPH AT
+ A18 11. 12.17 1. O. O. 0.00

HYDROGRAPH AT
+ R8 10. 12.17 1. O. O. 0.00

2 COMBINED AT
+ Comb15 21. 12.17 2. 1. O. 0.01

• • •
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Hi
1ii
iiiROUTED TO m+ RtR7 18. 12.17 2. 1. O. 0.01 Hi+ 1.10 12.17 iii

HYDROGRAPH AT iii
in+ R9 7. 12.08 1. O. O. 0.00 iii

HYDROGRAPH AT iii
Hi+ A19 63. 12.25 8. 2. 1. 0.04 iii

3 COMBINED AT iii
0.05 iii

+ Comb16 85. 12.25 10. 3. 1. iii
ROUTED TO m

iii+ RtR8 83. 12.25 10. 3. 1. 0.05 iii+ 1.25 12.25 iii
HYDROGRAPH AT iii

iii
+ A20 40. 12.17 4. 1. o. 0.02 iii

DIVERSION TO iii
iii+ DvA20 40. 12.42 2. 1. o. 0.02 iii

HYDROGRAPH AT iii
iii+ DvA20 17. 12.42 2. 1. O. 0.02 iii

HYDROGRAPH AT !!!
0.00 iii+ R10 13. 12.08 1. O. o. iii

iii3 COMBINED AT m+ Comb17 91. 12.25 13. 4. 1. 0.07 iii
iiiROUTED TO iii

+ RtR9 85. 12.42 13. 4. 1. 0.07 iii
+ 1.24 12.42 m

HYDROGRAPH AT iii
iii+ A21 112. 12.33 15. 4. 1. 0.08 iii

DIVERSION TO m
iii

+ 21-Est 70. 12.33 13. 4. 1. 0.08 jii
iiiHYDROGRAPH AT m+ 21-Sth 42. 12.33 2. O. O. 0.08 iii

ROUTED TO !!!
iii+ RtR10 38. 12.42 2. o. o. 0.08 iii+ 1.16 12.42 iii

HYDROGRAPH AT m
iii

+ R11 20. 12.25 3. 1. O. 0.01 iii
iiiHYDROGRAPH AT !!!+ A22 93. 12.17 9. 2. 1. 0.03 iii

DIVERSION TO iii
iii+ DvA22 93. 12.33 6. 1. O. 0.03 iii

HYDROGRAPH AT m
iii

+ DvA22 45. 12.33 4. 1. O. 0.03 iii
HYDROGRAPH AT iii

iii+ R12b 15. 12.17 2. o. o. 0.00 iii
HYDROGRAPH AT iii

iii
+ Retn48 499. 12.50 94. 27. 9. 0.00 II!
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iii
iii

6 COMBINED AT iii
iii

+ Comb18 655. 12.42 116. 33. 11. 0.19 m
DIVERSION TO iii

iii+ RayEst 140. 12.42 63. 20. 7. 0.19 iii
HYDROGRAPH AT iii

m+ RaySth 515. 12.42 54. 13. 4. 0.19 iii
2 COMBINED AT iii

iii
+ Comb19 1011. 12.50 147. 40. 13. 1.63 m

ROUTED TO iii
+ RtC16 1013. 12.50 147. 40. 13. 1.63 Hi

3.79 iii
+ 12.50 m

HYDROGRAPH AT iii
iii

+ A27 47. 12.58 9. 3. 1. 0.04 iii
ROUTED TO m

iii
+ RtC17 46. 12.67 9. 3. 1. 0.04 iii
+ 1.33 12.67 m

HYDROGRAPH AT iii
+ A28 259. 12.50 42. 12. 4. 0.22 iii

iii

HYDROGRAPH AT iii
m+ R13 17. 12.25 2. 1. O. 0.01 Hi

4 COMBINED AT iii
m+ Comb20 1323. 12.50 201. 55. 18. 1.89 iii

ROUTED TO iii
m+ RET2 1160. 12.67 181. 53. 18. 1.89 iii

+ 20.77 12.67 m
DIVERSION TO iii

iii
+ South 85. 12.67 74. 26. 9. 1.89 iii

HYDROGRAPH AT iii
m+ East 1075. 12.67 108. 27. 9. 1.89 iii

ROUTED TO iii
m+ RtEAST 1174. 12.67 108. 27. 9. 1.89 Hi+ 4.24 12.67 iii

HYDROGRAPH AT iii
m+ C 68. 12.17 6. 2. 1. 0.03 I!!

2 COMBINED AT III
iii

+ COMBC 1182. 12.67 114. 29. 10. 1.92 ill
ROUTED TO iii

+ RtC 1172. 12.67 114. 29. 10. 1.92 Hi
iii+ 4.24 12.67 iii

HYDROGRAPHAT iii
iii

+ D 136. 12.17 12. 3. 1. 0.06 m
ROUTED TO iii

iii
+ ROUTED 125. 12.17 12. 3. 1. 0.06 iii+ 101.23 12.17 m

HYDROGRAPH AT iii
+ E 68. 12.17 6. 2. 1. 0.03 Hi

iii
m
iii

iiiil11iiiiill1iiliiiiiiiimiimmm!!!

• • •
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m

ROUTED TO iii
+ ROUTEE 61. 12.17 6. 2. 1. 0.03 iii
+ 100.84 12.17 m

m
3 COMBINED AT iii

!!!+ COMBE 1211. 12.67 132. 34. 11. 2.01 m
ROUTED TO m

+ RTEE 1180. 12.75 132. 34. 11. 2.01 m
iii+ 4.45 12.75 !!!

HYDROGRAPH AT !Ii
+ DA522A 92. 12.25 10. 3. 1. 0.06 m

iii

2 COMBINED AT !!!
+ AD522A 1199. 12.75 142. 37. 12. 2.06 m

iii

ROUTED TO iii
iii+ RT522A 1234. 12.75 142. 37. 12. 2.06 !!!+ 4.55 12.75 m

HYDROGRAPH AT m
+ DA522B 92. 12.25 10. 3. 1. 0.06 iii

iii
2 COMBINED AT m

+ AD522B 1253. 12.75 152. 39. 13. 2.12 m
i!i

ROUTED TO m
iii+ RT522B 1173. 12.75 152. 39. 13. 2.12 !!!+ 4.44 12.75 i!i

HYDROGRAPH AT i!i
iii+ Retn21 70. 12.17 13. 4. 1. 0.00 !!!

ROUTED TO m
iii+ RtP1 72. 12.25 13. 4. 1. 0.00 !!!+ 2.48 12.25 m

HYDROGRAPH AT m
+ A25 70. 12.25 9. 2. 1. 0.04 m

m
2 COMBINED AT m

+ Comb21 142. 12.25 22. 6. 2. 0.04 m
i!i

ROUTED TO iii
iii+ RtP2 142. 12.25 22. 6. 2. 0.04 !Ii+ 3.21 12.25
m

HYDROGRAPH AT
+ A23 68. 12.25 8. 2. 1. 0.04

DIVERSION TO
+ DvA23 68. 12.50 5. 1. o. 0.04

HYDROGRAPH AT
+ DvA23 32. 12.50 3. 1. o. 0.04

ROUTED TO
+ RtC18 20. 12.75 3. 1. o. 0.04
+ 0.24 12.75

HYDROGRAPH AT
+ A24 32. 12.42 5. 1. o. 0.06

3 COMBINED AT
+ Comb22 168. 12.33 30. 9. 3. 0.15
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iii

+ 2.96 12.50 m
m

HYDROGRAPH AT iii
iii+ B 137. 12.17 12. 3. 1. 0.06 iii

2 COMBINED AT
iii
iii

+ COMBB 709. 12.50 128. 39. 13. 0.54 !!i
ROUTED TO iii

iii
+ RtB 657. 12.50 128. 39. 13. 0.54 iii
+ 3.16 12.50 iii

HYDROGRAPH AT iii
iii

+ F 91. 12.17 8. 2. 1. 0.04 m
HYDROGRAPH AT m

m+ R200 208. 12.33 29. 8. 3. 0.14 iii
ROUTED TO m

iii+ ROUTER 176. 12.50 28. 8. 3. 0.14 m+ 101.48 12.50 m
3 COMBINED AT m

iii+ COMBF 860. 12.50 165. 49. 16. 0.72 iii
ROUTED TO iii

iii+ RTEF 846. 12.58 165. 49. 16. 0.72 iii+ 3.77 12.58 iii
HYDROGRAPH AT iii

m+ DA522C 74. 12.17 8. 2. " 0.04 m
2 COMBINED AT m

iii+ AD522C 871. 12.58 172. 51. 17. 0.77 iii

ROUTED TO !!!
m+ RT522C 887. 12.58 172. 5" 17. 0.77 iii

+ 4.39 12.58 iii

HYDROGRAPH AT !!!
m+ DA522D 42. 12.17 4. 1. O. 0.02 iii

2 COMBINED AT iii
iii+ AD522D 899. 12.58 176. 52. 17. 0.79 iii

ROUTED TO iii
iii

+ RT522D 875. 12.67 176. 52. 17. 0.79 m+ ' 4.36 12.67 iii
HYDROGRAPH AT iii

m+ DA522E 98. 12.17 9. 2. " 0.05 m
3 COMBINED AT m

Hi+ AD522E 1809. 12.75 337. 94. 3" 2.96 m
HYDROGRAPH AT

iii
iii

+ DA513 152. 12.25 18. 5. 2. 0.09 iii
HYDROGRAPH AT iii

iii
+ DA514 107. 12.17 11. 3. 1. 0.06 m

HYDROGRAPH AT m
+ DA515 8" 12.25 9. 3. 1. 0.05 iii

3 COMBINED AT
+ AD515 336. 12.25 38. 11. 4. 0.19
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iii

ROUTED TO iii
iii+ RT515 301. 12.33 38. 11. 4. 0.19 iii+ 6.80 12.33 ill

HYDROGRAPH AT !il
iii

+ DA517 185. 12.33 25. 7. 2. 0.17 m
HYDROGRAPH AT iii

iii
+ South 85. 12.50 74. 26. 9. 0.00 iii

3 COMBINED AT iii
m+ AD517 549. 12.33 133. 43. 14. 0.36 !i!

ROUTED TO iii
+ RT517 537. 12.42 133. 43. 14. 0.36 !i!
+ 11.30 12.42 iii

iii

HYDROGRAPH AT iii
m+ DA518 82. 12.67 17. 5. 2. 0.10 !i!

2 COMBINED AT iii
m+ AD518 597. 12.42 150. 48. 16. 0.46 iii

ROUTED TO iii
iii

+ RT518 594. 12.42 150. 48. 16. 0.46 m+ 3.14 12.42 iii
HYDROGRAPH AT iii

+ DA519A 96. 12.17 9. 3. 1. 0.05 iii
iii

ROUTED TO iii
+ RT519A 86. 12.25 9. 3. 1. 0.05 iii
+ 1.25 12.25 !!!

ii!
HYDROGRAPH AT iii

iii
+ DA519B 207. 12.25 24. 7. 2. 0.14 iii

3 COMBINED AT m
+ AD519B 802. 12.42 182. 57. 19. 0.64 iii

iii
ROUTED TO iii

iii
+ RT519B 805. 12.42 182. 57. 19. 0.64 m+ 3.50 12.42 iii

HYDROGRAPH AT iii
m+ DA519C 297. 12.25 34. 9. 3. 0.17 iii

ROUTED TO iii

+ RT519C 290. 12.25 34. 9. 3. 0.17 m
+ 2.74 12.25 iii

iii

HYDROGRAPH AT II!
+ DA519D 118. 12.25 14. 4. 1. 0.08 m

iii
3 COMBINED AT if!

iii
+ AD519D 1144. 12.33 228. 71. 24. 0.89 m

ROUTED TO iii
+ RT519D 1140. 12.33 228. 71. 24. 0.89 iii
+ 3.89 12.33 iii

iii

HYDROGRAPH AT iii
m+ DA519E 69. 12.17 6. 2. 1. 0.03 iii

ROUTED TO m
iii

+ RT519E 54. 12.25 6. 2. 1. 0.03 m+ 1.07 12.25

immmmmmim;mmm::mmmm::mmmmm!!:::;mmrmm!mmlii!!!mmmmmHmm:::mm1m::::::::!
i!m:mmmmm!!!mmmmmm:mmm!m:mmmmm:mm!m!mmmmmmmm!mmmmHmmm!mimi

• • •
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iii
l!i
iii

HYDROGRAPH AT
2. 0.10 iii

+ DA519F 158. 12.25 20. 6. iii
2 COMBINED AT iii

2. 0.13 iii
+ AD519F 212. 12.25 27. 7. m

HYDROGRAPH AT m
iii+ DA519G 61. 12.17 6; 2. 1. 0.03 iii

4 COMBINED AT l!i
58. 4.01 iii+ AD519G 2511. 12.75 597. 174. iii

iii
ROUTED TO l!i+ RTI-10 2518. 12.75 597. 174. 58. 4.01

7.97 iii+ 12.75 iii
HYDROGRAPH AT iii

!!!+ B1 198. 12.25 22. 6. 2. 0.11 !!I

ROUTED TO iii
iii

+ RTEB1 178. 12.33 22. 6. 2. 0.11 iii+ 1.64 12.33 iii
2 COMBINED AT iii

iii+ ADI-10 2573. 12.75 618. 180. 60. 4.12 iii
iiiHYDROGRAPH AT m+ B15 202. 12.33 26. 7. 2. 0.13 iii
iii2 COMBINED AT l!i+ ADBA15 2647. 12.75 644. 187. 62. 4.24 iii

HYDROGRAPH AT iii
iii

+ PMP 211. 12.50 38. 17. 12. 0.16 l!i
2 COMBINED AT iii

iii+ ADPMP 2834. 12.33 681. 204. 74. 4.40 iii
DIVERSION TO iii

iii
+ DIVFF 1029. 12.33 50. 13. 4. 4.40 iii

HYDROGRAPH AT !!i
iii+ B15FF 2834. 12.33 645. 192. 70. 4.40 iii
iiiDIVERSION TO iii

+ DIVB15 2834. 0.00 645. 192. 70. 4.40 l!i
HYDROGRAPH AT £nJ 4G fA .$i. / BfA siT] /5

iii
iii+ B15RCB O. 0.00 o. o. O. 4.40 iii

2 COMBINED AT iii
8e?,'n 6,/~ .f)/{:11~ FIo-'W7

iii
+ 110W 816. 13.75 723. 536. 239. 34.40 iii

iiiROUTED TO !!!+ RI10W 813. 13.83 722. 536. 239. 34.40
+ 1151.83 13.83

ROUTED TO
+ R1Gila 781. 14.33 711. 528. 234. 34.40
+ 39.05 14.33

ROUTED TO
+ R2Gila 732. 15.92 688. 508. 225. 34.40
+ 35.01 15.92

ROUTED TO



CONTINUITY SUMMARY (AC-FT) - INFLOW=0.2162E+03EXCESS=0.0000E+00 OUTFLOW=0.2162E+03 BASIN STORAGE=0.4429E-02 PERCENT ERROR= 0.0

CONTiNUITY SUMMARY (AC-FT) - INFLOW=0.6979E+01 EXCESS=0.0000E+000UTFLOW=0;6982E+01 BASIN STORAGE=0.9618E"09P,ERCENT ERROR'" 0.0

CONTINUITY SUMMARY (AC-FT) - INFLOW=0.1365E+04 EXCESS=O.OOOOE+OO OUTFLOW=0.1364E+04 BASIN STORAGE=0.4183E+00 PERCENT ERROR= 0.0

CONTINUITY SUMMARY (AC-FT) - INFLOW=0.1024E+02 EXCESS=O.OOOOE+OO OUTFLOW=0.1024E+02 BASIN STORAGE=0.9097E-08 PERCENT ERROR= 0.0

Page 100 1m
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05-26-1998 at 17:13:47

16.8326.77

1.47

1.87

0.48

1.92

0.20

2.07

0.26

0.88

34.40

760.00

815.00

755.00

815.00

875.00

890.00

810.00

815.00

218.

1.78

5.36

73.39

72.50

222.20

969.02

5.00

5.00 1333.57

5.00

5.00 1319.15

5.00

5.00

5.00

5.00

492.

1.47

1.88

1.92

0.48

0.20

2.07

0.26

0.88

680.

759.13

753.45

815.50

890.68

874.14

811.42

809.68

815.29

1.78

5.36

73.73

73.08

222.35

969.64

709. 16.83

1.83

1.37

0.99 1334.70

1.45

3.06

0.67 1331.28

4.50

4.87

SUMMARY OF KINEMATIC WAVE - MUSKINGUM-CUNGE ROUTING
(FLOW IS DIRECT RUNOFF WITHOUT BASE FLOW)

INTERPOLATED TO
COMPUTATION INTERVAL

DT PEAK TiME TO VOLUME DT PEAK TiME TO VOLUME
PEAK PEAK

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

3.00 189.98 1016.00 0.93 5.00 189.97 1015.00 0.93

RT5 MANE

RT3 MANE

RT4 MANE

RT2 MANE

RT1 MANE

RT1 MANE

RT1 MANE

RT2536 MANE

R3Gi la

rtbasg MANE

ISTAQ ELEMENT

CONTINUITY SUMMARY (AC-FT) - INFLOW=0.9822E+00 EXCESS=O.OOOOE+OO OUTFLOW=0.9823E+00 BASIN STORAGE=0.6775E-08 PERCENT ERROR= 0.0

CONTiNUITY SUMMARY (AC-FT)-INFLOW=0.2950E+01 EXCESS=O.OOOOE+OO OUTFLOW=0.2951E+01 BASIN STORAGE=0.1935E-08 PERCENT ERROR= 0.0

CONTINUITY SUMMARY (AC-FT) - INFLOW=0.4703E+02 EXCESS=O.OOOOE+OO OUTFLOW=0.4699E+02 BASIN STORAGE=0.1506E-05 PERCENT ERROR= 0.1

CONTINUITY SUMMARY (AC-FT) - INFLOW=0.1355E+04 EXCESS=O.OOOOE+OO OUTFLOW=0.1355E+04 BASIN STORAGE=0.2991E+00 PERCENT ERROR= 0.0

.
CONTINUITY SUMMARY (AC-FT) - INFLOW=0.1262E+04 EXCESS=O.OOOOE+OO OUTFLOW=0.1262E+04 BASIN STORAGE=0.4085E+00 PERCENT ERROR= -0.1

+
+
1

SVRD05-2.OUT

•
RT35 MANE 1.93 1360.69 818.86 1.81 5.00 1345.27

•
820.00 1.81

•



CONTINUITY SUMMARY (AC-FT) - INFLOY=0.7804E+02 EXCESS=O.OOOOE+OO OUTFLOY=0.7802E+02 BASIN STORAGE=0.8735E-04 PERCENT ERROR= 0.0

CONTINUITY SUMMARY (AC-FT) - INFLOY=0.9772E+02 EXCESS=O.OOOOE+OO OUTFLOY=0.9760E+02 BASIN STORAGE=0.4090E-04 PERCENT ERROR= 0.1

0.25

0.38

0.35

0.36

0.82

0.14

0.33

0.69

0.75

0.91

860.00

845.00

835.00

805.00

810.00

785.00

935.00

820.00

785.00

805.00

6.32

27.28

53.82

51.26

83.94

36.62

206.75

121. 13

228.81

417.10

5.00

5.00

5.00

5.00

5.00

5.00

5.00

5.00

5.00

5.00

0.25

0.38

0.33

0.36

0.35

0.14

0.82

0.91

0.75

0.69

863.89

805.24

843.86

834.55

809.64

783.77

934.56

786.27

818.71

808.21

6.32

27.28

53.94

51.30

84.04

36.77

206.80

121.84

230.25

419.26

5.00

5.00

5.00

4.91

5.00

5.00

4.97

5.00

4.93

4.63

RT9 MANE

RT5 MANE

RT7 MANE

RT8 MANE

RT6 MANE

RT4 MANE

RT2 MANE

RT3 MANE

RT1 MANE

RT10 MANE

CONTINUITY SUMMARY (AC-FT) - INFLOY=0.6956E+01 EXCESS=O.OOOOE+OO OUTFLOY=0.6954E+01 BASIN STORAGE=0.1052E-06 PERCENT ERROR= 0.0

CONTINUITY SUMMARY (AC-FT) - INFLOY=0.2200E+02 EXCESS=O.OOOOE+OO OUTFLOY=0.2200E+02 BASIN STORAGE=0.1486E-04 PERCENT ERROR= 0.0

CONTINUITY SUMMARY (AC-FT) - INFLOY=0.4828E+02 EXCESS=O.OOOOE+OO OUTFLOY=0.4830E+02 BASIN STORAGE=0.2291E-04 PERCENT ERROR= -0.1

CONTINUITY SUMMARY (AC-FT) - INFLOY=0.1787E+02 EXCESS=O.OOOOE+OO OUTFLOY=0.1786E+02 BASIN STORAGE=0.1710E-05 PERCENT ERROR= 0.1

CONTINUITY SUMMARY (AC-FT) • INFLOY=0.1908E+02 EXCESS=O.OOOOE+OO OUTFLOY=0.1919E+02 BASIN STORAGE=0.2429E-05 PERCENT ERROR= -0.6

CONTINUITY SUMMARY (AC-FT) - INFLOY=0.3839E+01 EXCESS=O.OOOOE+OO OUTFLOY=0.3840E+01 BASIN STORAGE=0.3322E-06 PERCENT ERROR= 0.0

CONTINUITY SUMMARY (AC-FT) - INFLOY=0.3039E+02 EXCESS=O.OOOOE+OO OUTFLOY=0.3038E+02 BASIN STORAGE=0.2638E-04 PERCENT ERROR= 0.0

CONTINUITY SUMMARY (AC-FT) - INFLOY=0.1384E+04 EXCESS=O.OOOOE+OO OUTFLOY=0.1384E+04 BASIN STORAGE=0.8796E+00 PERCENT ERROR= -0.1

I 05-26-1998 at 17:13:47 """"'age 101 I!!!
III

!I!
iii
m
m
iii
iii
m
m
m
m
m
i1i
i1i
iii
m
iii
iii
iii
!I!
i1i
iii
m
iii
iii
m
iii
iii
m
iii
iii
iii
iii
iii
iii
iii
!!!
iii
iii
m
iii
iii
iii
m
iii
iii
iii
iii
m
iii
iii
iI!
iii
iii
m
iii
iii
iii
m
iii
iii
iii

CONTINUITY SUMMARY (AC-FT) - INFLOY=0.1329E+02 EXCESS=O.OOOOE+OO OUTFLOY=0.1329E+02 BASIN STORAGE=0.1912E-OS PERCENT ERROR= 0.0

RT11 MANE 4.92 250.88 868.68 0.32 5.00 250.68 865.00 0.32



. CONTINUITY SUMMARY (AC-FT) - INFLOY=0.4230E+02 EXCESS=O.OOOOE+OO OUTFLOY=0.4258E+02 BASIN STORAGE=0.2116E-04 PERCENT ERROR= -0.7

CONTINUITY SUMMARY (AC-FT) - INFLOY=0.5995E+02 EXCESS=O.OOOOE+OO OUTFLOY=0.5991E+02 BASIN STORAGE=0.1825E-04 PERCENT ERROR= 0.1

CONTINUITY SUMMARY (AC-FT) - INFLOY=0.1074E+03 EXCESS=O.OOOOE+OO OUTFLOY=0.1076E+03 BASIN STORAGE=0.1700E-03 PERCENT ERROR= -0.2

CONTINUITY SUMMARY (AC-FT) - INFLOY=0.2387E+02 EXCESS=O.OOOOE+OO OUTFLOY=0.2393E+02 BASIN STORAGE=0.1525E-04 PERCENT ERROR= -0.2

05-26-1998 at 17:13:47
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CONTINUITY SUMMARY (AC-FT) - INFLOY=0.2834E+02 EXCESS=O~OOOOE+OO OUTFLOY=0.2840E+02 BASIN STORAGE=0.3142E-05 PERCENT ERROR= -0.2

CONTINUITY SUMMARY (AC-FT) - INFLOY=0.7263E+02 EXCESS=O.OOOOE+OO OUTFLOY=0.7253E+02 BASIN STORAGE=0.2258E-04 PERCENT ERROR= 0.1

CONTINUITY SUMMARY (AC-FT) - INFLOY=0.1413E+04 EXCESS=O.OOOOE+OO OUTFLOY=0.1412E+04 BASIN STORAGE=0.1155E+01 PERCENT ERROR= 0.0

CONTINUITY SUMMARY (AC-FT) - INFLOY=0.1407E+04 EXCESS=O.OOOOE+OO OUTFLOY=0.1404E+04 BASIN STORAGE=0.2378E+01 PERCENT ERROR= 0.0

CONTINUITY SUMMARY (AC-FT) - INFLOY=0.2376E+01 EXCESS=O.OOOOE+OO OUTFLOY=O.2376E+01 BASIN STORAGE=0.1754E-05 PERCENT ERROR= 0.0

CONTINUITY SUMMARY (AC-FT) - INFLOY=0.1561E+03 EXCESS=O.OOOOE+OO OUTFLOY=0.1560E+03 BASIN STORAGE=0.2962E-03 PERCENT ERROR= 0.0

CONTINUITY SUMMARY (AC-FT) - INFLOY=0.3087E+03 EXCESS=O.OOOOE+OO OUTFLOY=0.3085E+03 BASIN STORAGE=0.3493E-03 PERCENT ERROR= 0.1

SVRD05-2.OUTI Page 102 1111
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changes to the Basin B and Outfall Channel
routings for Phases 1 and 2 of the Santan
Channel Project. C~anges are for the HEC-1
Model File No. SVRD05~2.0UT included in the
Final Drainage Report, Phase 1 and Phase 2,
Santan Channel Project, ADOT Contract No.
97-16, May 1998.
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APPENDIXB

Channel Hydraulic Analysis
HEC-RAS Model
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Wood, Patel & Associates, Inc.

TABLEBI
HEC·RAS to Channel Station Relationship

Distance From Station from HEC-RAS Invert
Description Previous Section Plan Section # Elevation

meters set, meters NEW meters

Begin CBCl 0+000.000 1000 346.700
End CBCIlBegin Channel Transition 16.5 0+016.500 1016.5 346.730
End Channel Transition 20 0+036.500 1036.5 346.738
Begin Ramp 34.5 0+071.000 1071 346.752
End Ramp 35 0+106.000 1106 346.766
End Ramp Transition 11 0+117.000 1117 346.770
Grade Break 503 0+620.000 1620 346.970
Begin Ramp Transition 167 0+787.000 1787 347.080
Begin Ramp 18 0+805.000 1805 347.091
End Ramp 35 0+840.000 1840 347.114
Begin Trap Depth Trans 20 0+860.000 1860 347.127
Begin Channel Trans, End Trap 182.181 1+042.181 2042.181 347.247
End Channel Transition 19.98 1+062.161 2062.161 347.260
Begin CBC2, Grade Brk. 0.1 1+062.261 2062.261 347.260
PC - End CBC2IBegin CBC3, Grade Brk. 142.739 1+205.000 2205 347.361
PC - End CBC3IBegin CBC4 794.276 1+999.276 2999.276 347.968
End CBC4IBegin CBC5 10.6 2+009.876 3009.876 347.976
End CBC5IBegin Channel Transition 4.799 2+014.675 3014.675 347.980
End Channel Transition\Begin Cone. Trap. Channel 20.093 2+034.768 3034.768 348.637
Begin Ramp 23.232 2+058.000 3058 348.653
End Ramp 30 2+088.000 3088 348.675
End Ramp Transition 17 2+105.000 3105 348.687
Grade Break 235 2+340.000 3340 348.853
Begin Ramp Transition 399 2+739.000 3739 349.214
Begin Ramp 17 2+756.000 3756 349.229
End Ramp 30 2+786.000 3786 349.257
Begin Channel Trans, End Trap 16.422 2+802.422 3802.422 349.271
Begin CBC6, End Channel Transition 20.32 2+822.742 3822.742 349.290
EndCBC6 11.15 2+833.892 3833.892 350.550

File =W:\96543-HDRsantan\Spreadsheets\Phase 2\Hec-Ras Data(lOO).xls
Print Date =5/28/98; @ 3:56 PM

APPENDIXB
Santain Drainage Channel- Phase II



Wood, palAssociates, Inc. • •
TABLEB2

HEC-RAS Output for South Reach of Santan Channel, Design Q=22.65 ems (800 cfs)

Profile Output Table - Standard Table 1
HEC-RAS Plan: PhIl-FIN River: Santan South Reach: Santan South

Reach RiverSta QTotal MinChEI W.S.Elev CritW.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude#Chl
(m3/s) (m) (m) (m) (m) (OOm) (008) (m2) (m)

Santan South '3833.892 22.653 350.550 351. 860 351.370 352.004 0.000827 1.82 12.47 9.70 0.51

Santan South 3833.000 Culvert

Santan South 3822.742 22.653 349.289 351.432 350.108 351.492 0.000179 1.09 20.79 9.70 0.24

Santan South 3822.642 22.653 349.289 351.437 349.959 351.470 0.000087 0.80 28.16 13.11 0.18

Santan South 3802.422 22.653 349.270 351.192 350.705 351.376 0.000826 1.90 11.93 10.08 0.56

Santan South 3794.21* 22.653 349.264 351.185 350.697 351. 369 0.000825 1.90 11.94 10.08 0.56

Santan South ;3786.000 22.653 349.258 351.179 350.691 351.362 0.000826 1.90 11. 93 10.08 0.56

Santan South 3776.* 22.653 349.249 351.182 350.680 351.347 0.000952 1.80 12.62 13.14 0.58

Santan South 3766.* 22.653 349.237 351.217 350.590 351. 323 0.000462 1.44 15.76 13.31 0.42

Santan South 3756.000 22.653 349.228 351.234 350.308 351. 309 0.000266 1.21 18.66 13.42 0.33

Santan South 3747.5* 22.653 349.222 351.191 350.451 351. 302 0.000437 1.48 15.31 11. 78 0.41

Santan South 3739.000 22.653 349.215 351. 090 350.648 351.288 0.000919 1.97 11.47 9.90 0.59

Santan South 3710.5* 22.653 349.188 351.064 350.620 351.262 0.000915 1.97 11.49 9.90 0.58

Santan South 3682.* 22.653 349.164 351.037 350.596 351.236 0.000920 1.98 11.46 9.90 0.59

Santan South 3653.5* 22.653 349.139 351.011 350.572 351.210 0.000923 1.98 11.45 9.90 0.59

Santan South 3625.* 22.653 349.112 350.984 350.545 351.184 0.000923 1.98 11.45 9.89 0.59

Santim South 3596.5* 22.653 349.087 350.958 350.520 351.158 0.000927 1.98 11.43 9.88 0.59

Santan South 3568.* 22.653 349.060 350.931 350.494 351.132 0.000929 1.98 11.42 9.88 0.59

Santan South 3539.5* 22.653 349.036 350.905 350.468 351.105 0.000929 1.98 11.42 9.88 0.59

Santan South 3511. 000 22.653 349.011 350.878 350.444 351. 080 0.000934 1.99 11.40 9.87 0.59

Santan South 3482.5* 22.653 348.984 350.852 350.416 351.053 0.000932 1.99 11.41 9.88 0.59

Santan South ' 3454. * 22.653 348.959 350.825 350.392 351. 027 0.000936 1.99 11.39 9.87 0.59

Santan South 3425.5* 22.653 348.932 350.798 350.365 351.000 0.000937 1.99 11.39 9.86 0.59

Santan South 3397.* 22.653 348.905 350.771 350.339 350.973 0.000939 1.99 11.38 9.86 0.59

Santan South 3368.5* 22.653 348.880 350.745 350.313 350.947 0.000941 ' 1. 99 11.37 9.86 0.59

Santan South 3340.000 22.653 348.853 350.718 350.285 350.920 0.000939 1.99 11.38 9.86 0.59

Santan South 3310.62* 22.653 348.831 350.689 350.265 350.894 0.000959 2.01 11.29 9.82 0.60

Santan South 3281.25* 22.653 348.810 350.660 350'.245 350.868 0.000976 2.02 11.21 9.79 0.60

Santan South 3251.87* 22.653 348.792 350.629 350.224 350.841 0.001002 2.04 11.11 9.75 0.61

Santan South 3222.5* 22.653 348.770 350.596 350.204 350.812 0.001032 2.06 10.98 9.70 0.62

a

File =W:\96543-HDRsantan\Spreadsheets\Phase 2\Hec-Ras Data(lOO).xls Page 1 of 5
Print Date = 28-MAY-98; @ 3:41 PM Run Date = 28-MAY-98

APPENDIXB
Santan Drainage Channel - Phase II



Wood, pat.Associates, Inc; • •
TABLEB2

HEC·RAS Output for South Reach of Santan Channel, Design Q = 22.65 ems (800 cfs)

Profile Output Table - Standard Table 1
HEC-RAS Plan: PhII-PIN River: Santan South Reach: Santan South

b

Reach River Sta Q Total MinChEI W.S.Elev CritW.S. E.G.Elev E.G. Slope Vel Chnl Flow Area Top Width Froude# Chi
(m3/s) (m) (m) (m) (m) (mlm) (mls) (m2) (m)

Santan South 3193.12* 22.653 348.749 350.562 350.182 350.783 0.001063 2.09- 10.86 9.65 0.63

Santan South 3163.75* 22.653 348.728 350.526 350.162 350.754 0.001103 2.11 10.72 9.59 0.64

Santan South 3134.37* 22.653 348.710 350.488 350.142 350.723 0.001151 2.15 10.55 9.52 0.65

Santan South 3105.000 22.653 348.688 350.440 350.120 350.687 0.001233 2.20 10.28 9.41 0.67

Santan South 3096.5* 22.653 348.682 350.507 349.915 350.648 0.000597 1.66 13.65 11.20 0.48

Santan South 3088.000 22.653 348.676 350.536 349.753 350.629 0.000357 1.35 16.77 12.84 0.38

Santan South 3078.* 22.653 348.667 350.478 350.019 350.620 0.000708 1.67 13.57 12.64 0.51

Santan South 3068.* 22.653 348.661 350.260 350.092 350.590 0.001821 2.55 8.90 8.80 0.81

Santan South 3058.000 22.653 348.652 350.234 350.088 350.577 0.001916 2.59 8.73 8.72 0.83

Santan South 3050.25* 22.653 348.649 350.218 350.074 350.563 0.001931 2.60 8.70 8.69 0.83

Santan South 3042.51* 22.653 348.642 350.199 350.061 350.549 0.001960 2.62 8.65 8.65 0.84

Santan South 3034.768 22.653 348.636 350.047 350.047 350.516 0.002914 3.03 7.47 8.09 1.01 1

Santan South 3014.675 22.653 347.981 350.068 349.067 350.286 0.001221 2.07 10.94 0.46

Santan South 3009.876 22.653 347.975 350.095 349.092 350.251 0.000610 1. 75 12.92 6.10 0.38

Santan South 2999.276 22.653 347.969 350.088 349.086 350.245 0.000610 1. 75 12.92 6.10 0.38

Santan South 2970.52* 22.653 347.944 350.070 349.062 350.226 0.000605 1. 75 12.96 6.10 0.38

Santan South 2941. 08* 22.653 347.923 350.053 349.040 350.208 0.000603 1. 75 12.98 6.10 0.38

Santan South 2911.63* 22.653 347.902 350.035 349.019 350.190 0.000600 1. 74 13.00 6.10 0.38

Santan South 2882.19* 22.653 347.877 350.017 348.995 350.171 0.000595 1. 74 13.05 6.10 0.38

Santan South 2852.. 75* 22.653 347.856 350.000 348.973 350.153 0.000592 1. 73 13.07 6.10 0.38

Santan South 2823.30* 22.653 347.832 349.983 348.949 350.135 0.000587 1. 73 13.11 6.10 0.38

Santan South 2793.86* 22.653 347.810 349.966 348.928 350.117 0.000585 1.72 13.14 6.10 0.37

Santan South 2764.42* 22.653 347.789 349.948 348.906 350.099 0.000582 1. 72 13.16 6.10 0.37

Santan South 2734.97* 22.653 347.765 349.931 348.882 350.081 0.000577 1. 72 13.21 6.10 0.37

Santan South 2705.53* 22.653 347.743 349.915 348.861 350.064 0.000574 1.71 13.24 6.10 0.37

Santan South 2676.09* 22.653 347.722 349.898 348.839 350.046 0.000570 1.71 13.26 6.10 0.37

Santan South 2646.64* 22.653 347.698 349.881 348.815 350.029 0.000565 1. 70 13.31 6.10 0.37

Santan South 2617.20* 22.653 347.676 349.865 348.794 350.011 0.000562 1. 70 13.34 6.10 0.37

Santan South 2587.76* 22.653 347.652 349.848 348.769 349.994 0.000557 1.69 13.39 6.10 0.36

Santan south 2558.31* 22.653 347.630 349.832 348.748 349.977 0.000554 1.69 13.42 6.10 0.36

File =W:\96543-HDRsantan\Spreadsheets\Phase 2\Hec-Ras Data(lOO).xls Page 2 of 5
Print Date =28-MAY-98; @ 3:41 PM Run Date =28-MAY-98
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•Wood, Patel & Associates, Inc. • •
TABLEB2

HEC·RAS Output for South Reach of Santan Channel, Design Q =22.65 ems (800 cfs)

Profile Output Table - Standard Table 1
HEC-RAS Plan: PhII-FIN River: Santan South Reach: Santan South

Reach River Sta Q Total Min ChEI W.S.Elev CritW.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude#Chl
(m3/s) (m) (m) (m) (m) (m1m) (m1s) (m2) (m)

Santan South 2528.87* 22.653 347.609 349.816 348.726 349.960 0.000550 1.68 13.45 6.10 0.36
Santan South 2499.43* 22.653 347.585 349.800 348.702 349.943 0.000545 1.68 13.50 6.10 0.36
Santan South 2469.98* 22.653 347.563 349.784 348.681 349.926 0.000542 1.67 13.53 6.10 0.36
Santan South 2440.54* 22.653 347.542 349.768 348.660 349.910 0.000538 1.67 13.57 6.10 0.36
Santan South 2411.10* 22.653 347.518 349.752 348.635 349.893 0.000533 1. 66 13.62 6.10 0.36
Santan South 2381. 65* 22.653 347.496 349.737 348.614 349.877 0.000530 1.66 13.66 6.10 0.35
Santan South 2352.21* 22.653 347.472 349.721 348.589 349.860 0.000524 1.65 13.71 6.10 0.35
Santan South 2322.77* 22.653 347.451 349.706 348.568 349.844 0.000521 1.65 13.75 6.10 0.35
Santan South 2293.32* 22.653 347.429 349.691 348.547 349.828 0.000517 1.64 13.78 6.10 0.35
Santan South 2263.88* 22.653 347.405 349.676 348.522 349.812 0.000512 1.64 13.84 6.10 0.35
Santan South 2234.44* 22.653 347.384 349.661 348.501 349.797 0.000508 1. 63 13.88 6.10 0.35
Santan South 2205.000 22.653 347.362 349.646 348.480 349.781 0.000504 1.63 13.92 6.10 0.34
Santan South 2176.45* 22.653 347.341 349.632 348.458 349.766 0.000500 1.62 13.97 6.10 0.34
Santan South 2147.90* 22.653 347.320 349.618 348.437 349.751 0.000497 1.62 14.01 6.10 0.34
Santan South 2119.35* 22.653 347.301 349.604 348.419 349.736 0.000494 1. 61 14.03 6.10 0.34
Santan South 2090.80* 22.653 347.280 349.590 348.398 349.721 0.000490 1.61 14.08 6.10 0.34
Santan South 2062.261 22.653 347.259 349.576 348.375 349.707 0.000486 1.60 14.12 6.10 0.34
Santan South 2062.161 22.653 347.259 349.581 348.343 349.700 0.000404 1.53 14.81 6.38 0.32
Santan South 2042.181 22.653 347.246 349.590 348.681 349.685 0.000344 1.37 16.54 11.77 0.37
Santan South 2016.15* 22.653 347.231 349.581 348.664 349.676 0.000339 1.36 16.63 11.80 0.37
Santan South 1990.12* 22.653 347.213 349.573 348.647 349.666 0.000333 1.35 16.74 11.84 0.36
Santan South 1964.10* 22.653 347.195 349.565 348.631 349.657 0.000327 1. 35 16.84 11.87 0.36
Santan South 1938.07* 22.653 347.179 349.557 348.614 349.648 0.000322 1.34 16.94 11.91 0.36

Santan South 1912.05* 22.653 347.161 349.549 348.595 349.639 0.000316 1.33 17.06 11.95 0.35

Santan south 1886.02* 22.653 347.143 349.542 348.578 349.630 0.000310 1.32 17.19 11.99 0.35
Santan South 1860.000 22.653 347.128 349.534 348.560 349.621 0.000304 1.31 17.30 12.03 0.35

Santan South 1850.* 22.653 347.121 349.530 348.554 349.618 0.000304 1.31 17.32 12.02 0.35
Santan South 1840.000 22.653 347.115 349.527 348.549 349.614 0.000303 1.31 17.33 12.02 0.35
Santan South 1831.25* 22.653 347.109 349.524 348.543 349.611 0.000301 1.30 17.37 12.03 0.35
Santan South 1822.5* 22.653 347.103 349.535 348.535 349.603 0.000263 1.15 19.66 15.09 0.32
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•Wood, Patel & Associates, Inc. • •
TABLEB2

HEC·RAS Output for South Reach of Santan Channel, Design Q =22.65 ems (800 cfs)

Profile Output Table - Standard Table 1
HEC-RAS Plan: PhII-FIN River: Santan South Reach: Santan South

Reach River 8ta Q Total Min ChEI W.8.Elev CritW.8. E.G.Elev E.G. Slope Vel Chnl Flow Area Top Width Froude#ChI
(m3/s) (m) (m) (m) (m) (mlm) (mls) (m2) (m)

Santan South 1813.75* 22.653 347.097 349.544 348.446 349.596 0.000171 1.01 22.41 15.15 0.27

Santan South 1805.000 22.653 347.091 349.550 348.171 349.591 0.000118 0.90 25.12 15.20 0.22

Santan South 1796.* 22.653 347.085 349.531 348.315 349.588 0.000177 1.06 21.33 13.64 0.27

Santan South 1787.000 22.653 347.079 349.498 348.514 349.584 0.000300 1.30 17.39 12.03 0.35

Santan South 1759.16* 22.653 347.061 349.490 348.496 349.575 0.000294 1.29 17.52 12.08 0.34

Santan South 1731.33* 22.653 347.042 349.483 348.477 349.567 0.000288 1.28 17.66 12.13 0.34

Santan South 1703.5* 22.653 347.024 349.475 348.459 349.558 0·.000282 1.27 17.81 12.18 0.34

Santan South 1675.66* 22.653 347.006 349.468 348.440 349.550 0.000276 1.26 17.96 12.24 0.33

Santan South 1647.83* 22.653 346.987 349.461 348.422 349.541 0.000270 1.25 18.09 12.28 0.33

Santan South 1620.000 22.653 346.969 349.455 348.403 349.533 0.000264 1.24 18.25 12.34 0.33

Santan South 1590.41* 22.653 346.957 349.447 348.391 349.525 0.000262 1.24 18.30 12.35 0.32

Santan South 1560.82* 22.653 346.945 349.439 348.379 349.517 0.000260 1.23 18.36 12.37 0.32

Santan South 1531.23* 22.653 346.936 349.432 348.368 349.509 0.000258 1. 23 18.40 12.39 0.32

Santan South 1501. 64 * 22.653 346.923 349.424 348.356 349.501 0.000256 1.23 18.46 12.41 0.32

Santan South 1472 .05* 22.653 346.911 349.417 348.344 349.493 0.000254 1.22 18.52 12.43 0.32

Santan South 1442.47* 22.653 346.899 349.409 348.332 349.485 0.000252 1.22 18.56 12.43 0.32

Santan South 1412.88* 22.653 346.887 349.402 348.321 349.477 0.000250 1.22 18.61 12.45 0.32

Santan South 1383.29* 22.653 346.875 349.394 348.309 349.469 0.000248 1.21 18.67 12.47 0.32

Santan south 1353.70* 22.653 346.865 349.387 348.298 349.462 0.000247 1.21 18.71 12.49 0.32

Santan south 1324.11* 22.653 346.853 349.380 348.286 349.454 0.000245 1.21 18.78 12.51 0.31

Santan South 1294.52* 22.653 346.841 349.373 348.274 349.446 0.000242 1.20 18.84 12.53 0.31

Santan South 1264.94* 22.653 346.829 349.365 348.261 349.439 0.000240 1.20 18.90 12.55 0.31

Santan South 1235.35* 22.653 346.817 349.358 348.250 349.431 0.000239 1.20 18.95 12.56 0.31

Santan South 1205.76* 22.653 346.805 349.351 348.239 349.424 0.000236 1.19 19.01 12.59 0.31

Santan south 1176.17* 22.653 346.795 349.344 348.227 349.416 0.000235 1.19 19.07 12.61 0.31

Santan South 1146.58* 22.653 346.783 349.338 348.216 349.409 0.000232 1.18 19.14 12.63 0.31

Santan South 1117.000 22.653 346.771 349.331 348.202 349.402 0.000231 1.18 19.19 12.64 0.31

Santan South 1111.5* 22.653 346.768 349.341 348.001 349.389 0.000142 0.98 23.14 14.19 0.24

Santan South 1106.000 22.653 346.765 349.346 347.845 349.382 0.000096 0.84 27.04 15.72 0.20

Santan South 1097.25* 22.653 346.762 349.337 348.109 349.380 0.000134 0.93 24.44 15.70 0.24
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Wood, pat.Associates, Inc. • •
TABLEB2

HEC-RAS Output for South Reach of Santan Channel, Design Q =22.65 cms (800 cfs)

Profile Output Table - Standard Table 1
HEC-RAS Plan: PhII-FIN River:- Santan South Reach: Santan South

c

Reach River Sta QTotal Min ChEI W.s. Elev CritW.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude#Chl
(m3/s) (m) (m) (m) (m) (mlm) (mls) (m2) (m)

Santan South 1088.5* 22.653 346.759 349.323 348.192 349.378 0.000197 1.04 21. 76 15.65 0.28

Santan South 1079.75* 22.653 346.756 349.303 348.188 349.375 0.000236 1.19 19.04 12.59 0.31

Santan South 1071.000 22.653 346.753 349.301 348.185 349.373 0.000235 1.19 19.04 12.59 0.31

Santan South 1062.37* 22.653 346.750 349.299 348.182 349.371 0.000235 1.19 19.06 12.60 0.31

Santan South 1053.75* 22.653 346.744 349.297 348.177 349.368 0.000234 1.19 19.09 12.60 0.31

Santan South 1045.12* 22.653 346.740 349.295 348.175 349.366 0.000234 1.19 19.10 12.61 0.31

Santan South 1036.500 22.653 346.737 349.293 348.171 349.364 0.000233 1.19 19.11 12.61 0.31

Santan South 1016.500 22.653 346.731 349.249 347.816 349.351 0.000213 1.41 16.06 6.38 0.28

Santan South 1016.000 Culvert

Santan South 1000.000 22.653 346.701 349.161 347.784 349.267 0.000228 1.44 15.68 6.38 0.29 I

Notes: *HEC-RAS Interpolated Cross Section
a) Station 3833.892, WSEL = 351.86 m as provided by HDR per HY8 analysis of box culvert
b) Station 3034.768, critical depth at drop upstream of CBC5
c) Station 1000.000, Starting WSEL =349.16 m
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••Wood, Patel & AssocIates, Inc. • •
TABLEB3

HEC-RAS Output for South Reach of Santan Channel, Future Q =26.90 ems (950 cfs)

Profile Output Table - Standard Table 1
HEC-RAS Plan: PhIl-FIN River: Santan South Reach: Santan South

a

b

Reach River Sta Q Total MinChEI W.S.Elev CritW.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Fronde # ChI
(m3/s) (m) (m) (m) (m) (mlm) (mls) (m2) (m)

Santan South 3833.892 22.653 350.550 351.860 351.370 352.004 0.000827 1.82 12.47 9.70 0.51 i

Santan South 3833.000 CUlvert

Santan South 3822.742 22.653 349.289 351.510 350.108 351.566 0.000161 1.05 21.55 9.70 0.23

Santan South 3822.642 22.653 349.289 351. 515 349.959 351.546 0.000078 0.78 29.18 13.11 0.17

Santan South 3802.422 22.653 349.270 351.324 350.705 351.472 0.000617 1. 70 13.30 10.61 0.49

Santan South 3794.21* 22.653 349.264 351.320 350.697 351.467 0.000614 1. 70 13.32 10.62 0.48

Santan South 3786.000 22.653 349.258 351.314 350.691 351.461 0.000612 1.70 13.34 10.62 0.48

Santan South 3776. * 22.653 349.249 351.323 350.680 351.447 0.000634 1.56 14.50 13.70 0.48

Santan South 3766.* 22.653 349.237 351. 346 350.590 351. 431 0.000343 1.29 17.50 13.83 0.37

Santan South 3756.000 22.653 349.228 351.358 350.308 351.421 0.000209 1.11 20.36 13.92 0.29

Santan South- 3747.5* 22.653 349.222 351. 326 350.450 351.417 0.000332 1.34 16.94 12.32 0.36

Santan South 3739.000 22.653 349.215 351. 257 350.648 351.407 0.000632 1.72 13.18 10.57 0.49

Santan South 3710.5* 22.653 349.188 351.240 350.620 351.388 0.000617 1. 70 13.30 10.61 0.49

Santan South 3682.* 22.653 349.164 351. 223 350.596 351.369 0.000609 1.69 13.37 10.64 0.48

Santan South 3653.5* 22.653 349.139 351. 206 350.571 351.350 0.000598 1.68 13.45 10.68 0.48

Santan South 3625.* 22.653 349.112 351.190 350.545 351.332 0.000585 1.67 13.57 10.71 0.47

Santan South 3596.5* 22.653 349.087 351.174 350.520 351.314 0.000575 1.66 13.65 10.74 0.47

Santan South 3568.* 22.653 349.060 351.159 350.495 351.296 0.000561 1.64 13.77 10.79 0.46

Santan South 3539.5* 22.653 349.036 351.143 350.466 351. 279 0.000549 1.63 13.89 10.83 0.46

Santan South 3511.000 26.901 349.011 351. 029 350.572 351.249 0.000938 2.08 12.93 10.48 0.60 1

Santan South 3482.5* 26.901 348.984 351. 002 350.545 351.223 0.000936 2.08 12.94 10.48 0.60

Santan South 3454.* 26.901 348.959 350.976 350.521 351.197 0.000941 2.08 12.92 10.47 0.60

Santan South 3425.5* 26.901 348.932 :'350.949 350.493 351.170 0.000941 2.08 12.91 10.46 0.60

Santan South 3397.* 26.901 348.905 350.921 350.468 351.143 0.000944 2.08 12.90 10.46 0.60

Santan South 3368.5* 26.901 348.880 350.895 350.442 351.116 0.000945 2.09 12.89 10.46 0.60

Santan South 3340.000 26.901 348.853 350.868 350.414 351. 089 0.000944 2.09 12.90 10.46 0.60

Santan South 3310.62* 26.901 348.831 350.839 350.394 351.064 0.000964 2.10 12.80 10.42 0.61

Santan South 3281.25* 26.901 348.810 350.810 350.374 351.038 0.000980 2.11 12.72 10.39 0.61

Santan South 3251. 87* 26.901 348.792 350.778 350.353 351.010 0.001004 2.13 12.61 10.35 0.62

Santan South 3222.5* 26.901 348.770 350.745 350.333 350.982 0.001032 2.16 12.48 10.29 0.63
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•Wood, Patel & Associates, Inc. • "i··

TABLEB3
HEC·RAS Output for South Reach of Santan Channel, Future Q=26.90 ems (950 cfs)

Profile Output Table - Standard Table 1
HEC-RAS Plan: PhIl-FIN River: Santan South Reach: Santan South

Reach River Sta QTotal Min ChEI W.S.Elev CritW.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude#Chl
(m3/s) (m) (m) (m) (m) (mlm) (mls) (m2) (m)

Santan south 3193.12* 26.901 348.749 350.711 350.310 350.953 0.001061 2.18 12.35 10.25 0.63

Santan South 3163.75* 26.901 348.728 350.676 350.291 350.923 0.001098 2.21 12.19 10.19 0.64

Santan South 3134.37* 26.901 348.710 350.638 350.271 350.893 0.001142 2.24 12.02 10.12 0.66

Santan South 3105.000 26.901 348.688 350.590 350.249 350.857 0.001216 2.29 11. 74 10.01 0.68

Santan South 3096.5* 26.901 348.682 350.661 350.035 350.816 0.000603 1. 74 15.43 11.82 0.49

Santan South 3088.000 26.901 348.676 350.693 349.864 350.797 0.000366 1.43 18.83 13.47 0.39

Santan South 3078.* 26.901 348.667 350.637 350.120 350.788 0.000668 1.72 15.63 13.28 0.51

Santan South 3068.* 26.901 348.661 350.401 350.222 350.757 0.001787 2.64 10.18 9.36 0.81

Santan South 3058.000 26.901 348.652 350.375 350.217 350.744 0.001870 2.69 10.01 9.29 0.83

Santan South 3050.25* 26.901 348.649 350.359 350.204- 350.730 0.001887 2.70 9.97 9.25 0.83

Santan South 3042.51* 26.901 348.642 350.337 350.190 350.715 0.001929 2.72 9.88 9.20 0.84

Santan South 3034.768 26.901 348.636 350.199 350.176 350.681 0.002683 3.08 8.74 8.69 0.98

Santan South 3014.675 26.901 347.981 350.244 349.199 350.552 0.001721 2.46 10.94 0.52

Santan South 3009.876 26.901 347.975 350.301 349.228 350.484 0.000679 1.90 14.18 6.10 0.40

Santan South 2999.276 26.90·1 347.969 350.294 349.222 350.477 0.000680 1.90 14.17 6.10 0.40

-Santan South 2970.52* 26.901 347.944 350.274 349.198 350.457 0.000676 1.89 14.20 6.10 0.40

Santan South 2941.08* 26.901 347.923 350.254 349.176 350.437 0.000675 1.89 14.21 6.10 0.40

Santan South 2911.63* 26.901 347.902 350.234 349.155 350.417 0.000674 1.89 14.22 6.10 0.40

Santan South 2882.19* 26.901 347.877 350.215 349.130 350.396 0.000671 1.89 14.25 6.10 0.39

Santan South 2852.75* 26.901 347.856 350.195 349.109 350.376 0.000670 1.89 14.26 6.10 0.39

Santan South 2823.30* 26.901 347.832 350.175 349.085 350.356 0.000666 1.88 14.29 6.10 0.39

Santan South 2793.86* 26.901 347.810 350.156 349.063 350.336 0.000665 1.88 14.30 6.10 0.39

Santan South 2764.42* 26.901 347.789 350.136 349.042 350.316 0.000664 1.88 14.31 6.10 0.39

Santan South 2734.97* 26.901 347.765 350.117 349.018 350.296 0.000660 1.88 14.34 6.10 0.39

Santan South 2705.53* 26.901 347.743 350.097 348.996 350.276 0.000659 1.87 14.35 6.10 0.39

Santan South 2676.09* 26.901 347.722 350.078 348.975 350.257 0.000657 1.87 14.36 6.10 0.39

Santan South 2646.64* 26.901 347.698 350.059 348.951 350.237 0.000654 1.87 14.39 6.10 0.39

Santan South 2617.20* 26.901 347.676 350.040 348.929 350.217 0.000652 1.87 14.41 6.10 0.39

Santan South 2587.76* 26.901 347.652 350.021 348.905 350.197 0.000649 1.86 14.44 6.10 0.39

Santan South 2558.31* 26.901 347.630 350.001 348.884 350.178 0.000647 1. 86 14.45 6.10 0.39

c
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TABLEB3

HEC-RAS Output for South Reach of Santan Channel, Future Q =26.90 ems (950 cfs)

Profile Output Table- Standard Table 1
HEC-RAS Plan: PhIl-FIN River: Santan South Reach: Santan South

Reach River Sta Q Total Min Ch EI W.S.Elev CritW.S. E.G.Elev E.G. Slope Vel Chnl Flow Area Top Width Froude# Chi
(m3/s) (m) (m) (m) (m) (mlm) (mls) (m2) (m)

Santan South 2528.87* 26.901 347.609 349.983 348.862 350.159 0.000645 1.86 14.47 6.10 0.39
Si:mtan South 2499.43* 26.901 347.585 349.964 348.838 350.139 0.000642 1.86 14.50 6.10 0.38

Santan South 2469.98* 26.901 347.563 349.945 348.817 350.120 0.000640 1.85 14.52 6.10 0.38

Santan South 2440.54* 26.901 347.542 349.926 348.795 350.101 0.000638 1.85 14.53 6.10 0.38

Santan South 2411.10* 26.901 347.518 349.907 348.771 350.081 0.000634 1.85 14.57 6.10 0.38

Santan South 2381.65* 26.901 347.496 349.889 348.749 350.062 0.000633 1.84 14.58 6.10 0.38
Santan South 2352.21* 26.901 347.472 349.870 348.725 350.043 0.000629 1.84 14.62 6.10 0.38

Santan South 2322.77* 26.901 347.451 349.852 348.704 350.024 0.000627 1.84 14.64 6.10 0.38

Santan South 2293.32* 26.901 347.429 349.833 348.682 350.005 0.000625 1.84 14.66 6.10 0.38

Santan South 2263.88* 26.901 347.405 349.815 348.658 349.986 0.000621 1.83 14.69 6.10 0.38

Santail South 2234.44* 26.901 347.384 349.797 348.637 349.967 0.000619 1.83 14.71 6.10 0.38

Santan South 2205.000 26.901 347.362 349.779 348.615 349.949 0.000617 1.83 14.73 6.10 0.37

Santan South 2176.45* 26.901 347.341 349.761 348.594 349.931 0.000614 1.82 14.75 6.10 0.37

Santan south 2147.90* 26.901 347.320 349.744 348.573 349.913 0.000612 i.82 14.78 6.10 0.37

Santan South 2119.35* 26.901 347.301 349.726 348.554 349.895 0.000611 1.82 14.78 6.10 0.37

Santan South 2090.80* 26.901 347.280 349.709 348.533 349.877 0.000609 1.82 14.81 6.10 0.37

Santan South 2062.261 26.901 347.259 349.692 348.510 349.859 0.000606 1.81 14.83 6.10 0.37

Santan South 2062.161 26.901 347.259 349.699 348.474 349.851 0.000497 1.73 15.56 6.38 0.35

Santan South 2042.181 26.901 347.246 349.718 348.810 349.831 0.000382 1.49 18.07 12.28 0.39

Santan South 2016.15* 26.901 347.231 349.708 348.794 349.820 0.000377 1.48 18.16 12.31 0.39

Santan South 1990.12* 26.901 347.213 349.698 348.776 349.809 0.000372 1.47 18.25 12.34 0.39

Santan South 1964.10* 26.901 347.195 349.688 348.759 349.798 0.000367 1.47 18.34 12.37 0.38

Santan South 1938.07* 26.901 347.179 349.679 348.743 349.788 0.000363 1.46 18.42 12.40 0.38

Santan South 1912.05* 26.901 347.161 349.670 348.725 349.777 0.000357 1.45 18.53 12.43 0.38

Santan South 1886.02* 26.901 347.143 349.661 348.707 349.767 0.000351 1.44 18.66 12.47 0.38

Santan South 1860.000 26.901 347.128 349.652 348.689 349.757 0.000346 1.43 18.76 12.50 0.37

Santan South 1850.* 26.901 347.121 349.649 348.684 349.753 0.000345 1.43 18.76 12.49 0.37

Santan South 1840.000 26.901 347.115 349.645 348.678 349.750 0.000345 1.43 18.77 12.49 0.37

Santan South 1831.25* 26.901 347.109 349.642 348.673 349.746 0.000343 1.43 18.81 12.50 0.37

Santan South 1822.5* 26.901 347.103 349.656 348.665 349.735 0.000287 1.25 21.51 15.57 0.34
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Wood, patlAssociates, Inc. • •
TABLEB3

HEC·RAS Output for South Reach of Santan Channel, Future Q = 26.90 ems (950 cfs)

Profile Output Table - Standard Table 1
HEC-RAS Plan: PhIl-FIN River: Santan South Reach: Santan South

Reach River Sta Q Total MinChEI W.S.Elev CritW.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude# Chi
(m3/s) (m) (m) (m) (m) (mlm) (mls) (m2) (m)

Santan South 1813.75* 26.901 347.097 349.665 348.547 349.728 0.000193 1.11 24.28 15.63 0.28

Santan South 1805.000 26.901 347.091 349.672 348.281 349.723 0.000136 1.00 27.01 15.68 0.24
Santan South 1796.* 26.901 347.085 349.650 348.439 349.719 0.000204 1.17 22.98 14.12 0.29

Santan South 1787.000 26.901 347.079 349.609 348.643 349.714 0.000345 1.43 18.75 12.48 0.37

Santan South 1759.16* 26.901 347.061 349.599 348.625 349.703 0.000340 1.43 18.86 12.51 0.37

Santan South 1731.33* 26.901 347.042 349.590 348.607 349.692 0.000334 1.42 18.99 12.56 0.37

Santan South 1703.5* 26.901 347.024 349.582 348.588 349.682 0.000328 1.41 19.12 12.61 0.36

Santan South 1675.66* 26.901 347.006 349.573 348.569 349.673 0.000322 1.40 19.26 12.65 0.36

Santan South 1647.83* 26.901 346.987 349.565 348.551 349.663 0.000316 1.39 19.39 12.69 0.36

Santan South 1620.000 26.901 346.969 349.557 348.532 349.654 0.000310 1.38 19.53 12.75 0.36

Santan South 1590.41* 26.901 346.957 349.548 348.520 349.644 0.000309 1.37 19.57 12.76 0.35

Santan South 1560.82* 26.901 346.945 349.539 348.508 349.635 0.000307 1.37 19.61 12.77 0.35

Santan South 1531.23* 26.901 346.936 349.530 348.497 349.626 0.000306 1.37 19.64 12.78 0.35

Santan South 1501.64* 26.901 346.923 349.521 348.485 349.616 0.000304 1.37 19.68 12.79 0.35

Santan South 1472.05* 26.901 346.911 349.512 348.473 349.607 0.000302 1.36 19.72 12.81 0.35

Santan South 1442.47* 26.901 346.899 349.503 348.461 349.597 0.000301 1.36 19.74 12.81 0.35

Santan south 1412.88* 26.901 346.887 349.494 348.449 349.588 0.000300 1.36 19.78 12.82 0.35

Santan South 1383.29* 26.901 346.875 349.485 348.438 349.579 0.000298 1.36 19.82 12.83 0.35

Santan South 1353.70* 26.901 346.865 349.476 348.427 349.570 0.000297 1.36 19.85 12.85 0.35

Santan South 1324.11* 26.901 346.853 349.468 348.415 349.561 0.000295 1.35 19.89 12.86 0.35

Santan South 1294.52* 26.901 346.841 349.459 348.402 349.552 0.000294 1.35 19.94 12.87 0.35

Santan South 1264.94* 26.901 346.829 349.450 348.390 349.543 0.000292 1.35 19.98 12.89 0.35

Santan South 1235.35* 26.901 346.817 349.442 348.379 349.534 0.000291 1.34 20.01 12.90 0.34

Santan South 1205.76* 26.901 346.805 349.433 348.368 349.525 0.000289 1.34 20.06 12.91 0.34

Santan South 1176.17* 26.901 346.795 349.425 348.357 349.516 0.000288 1.34 20.09 12.93 0.34

Santan South 1146.58* 26.901 346.783 349.416 348.345 349.507 0.000286 1.34 20.14 12.94 0.34

Santan South 1117.000 26.901 346.771 349.408 348.332 349.498 0.000284 1.33 20.18 12.95 0.34

Santan South 1111. 5* 26.901 346.768 349.420 348.121 349.483 0.000176 1.11 24.28 14.51 0.27

Santan South 1106.000 26.901 346.765 349.428 347.955 349.474 0.000120 0.95 28.33 16.05 0.23

Santan South 1097.25* 26.901 346.762 349.416 348.210 349.472 0.000165 1.05 25.70 16.01 0.26
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Wood, pate'Associates, Inc. • •
TABLEB3

HEC·RAS Output for South Reach of Santan Channel, Future Q=26.90 ems (950 cfs)

Profile Output Table - Standard Table 1
HEC-RAS Plan: PhII-FIN River: Santan South Reach: Santan South

Reach River Sta QTotal Min Ch EI W.S. Elev CritW.S. E.G. Elev E.G. Slope VelChnl Flow Area Top Width Froude # Chi
(m3/s) (m) (m) (m) (m) (m1m) (m1s) (m2) (m)

Santan South 1088.5* 26.901 346.759 349.399 348.321 349.469 0.000239 1.17 22.96 15.96 0.31

Santan South 1079.75* 26.901 346.756 349.374 348.317 349.465 0.000369 1.34 20.11 15.87 0.38

Santan south 1071.000 26.901 346.753 349.369 348.314 349.462 0.000294 1.35 19.92 12.87 0.35

Santan South 1062.37* 26.901 346.750 349.367 348.311 349.460 0.000294 1.35 19.92 12.87 0.35

Santan South 1053.75* 26.901 346.744 349.364 348.306 349.457 0.000293 1.35 19.95 12.87 0.35

Santan South 1045.12* 26.901 346.740 349.362 348.304 349.454 0.000293 1.35 19.95 12.88 0.35

Santan south 1036.500 26.901 346.737 349.359 348.299 349.452 0.000293 1.35 19.96 12.88 0.35

Santan South 1016.500 26.901 346.731 349.294 347.947 349.432 0.000287 1.65 16.34 6.38 0.33

Santan South 1016.000 Culvert
Santan South 1000.000 26.901 346.701 349.161 347.917 349.310 0.000321 1.72 15.68 6.38 0.35

Notes: * HEC-RAS Interpolated Cross Section
a) Station 3833.892, WSEL =351.86 m as provided by HDR per HY8 analysis of box culvert
b) Station 3511.000, possible Gila Drain outfall; Future Q=26.90 cms (950 cfs)
c) Station 3034.768, critical depth at drop upstream of CBC5
d) Station 1000.000, Starting WSEL = 349.16 m

d
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Wcod, Patel & Associates, Inc.

.' -, TABLEB4
Summary of Freeboard Considerations for Santan Channel

Project: ADOT: Santan Channel Project - Phase IT
River Reach: Gila Drain to Santan Channel (South Reach)

Date: 28-MAY-98
Background DATA

Velocity. mls Radius Top Width W, m Super Coef. C RcJW
Design Q Future Q RC,m Design Q Future Q Design Q Future Q Design Q Future Q

1.44 1.72 50.05 6.38 6.38 0.5 0.5 7.84 7.84
1.41 1.65 50.05 6.38 6.38 0.5 0.5 7.84 7.84
1.19 1.35 50.05 12.61 12.88 0.5 0.5 3.97 3.89

1.19 1.35 50.05 12.59 12.87 0.5 0.5 3.98 3.89

0.84 0.95 50.05 15.72 16.05 0.5 0.5 3.18 3.12

1.18 1.33 50.05 12.64 12.95 0.5 0.5 3.96 3.86

1.24 1.38 none 12.34 12.75 0.5 0.5

1.3 1.43 none 12.03 12.48 '0.5 0.5

0.9 . 1 none 15.2 15.68 0.5 0.5

1.31 1.43 none 12.02 12.49 0.5 0.5

1.31 1.43 none 12.03 12.5 0.5 0.5

1.37 .1.49 none 11.77 12.28 0.5 0.5

1.53 1.73 none 6.38 6.38 0.5 0.5

1.6 1.81 none 6.1 6.1 0.5 0.5

1.63 1.83 none 6.1 6.1 0.5 0.5

1.75 1.9 none 6.1 6.1 0.5 0.5

1.75 1.9 none 6.1 6.1 0.5 0.5

2.07 2.46 none 7 7 0.5 0.5

3.03 3.08 none 8.09 8.69 1 1

2.59 2.69 none 8.72 9.29 0.5 0.5

1.35 1.43 none 12.84 13.47 0.5 0.5

2.2 2.29 none 9.41 10.01 0.5 0.5

1.99 2.09 none 9.86 10.46 0.5 0.5

1.98 2.08 52.05 9.88 10.48 0.5 0.5 5.27 4.97

1.98 1.63 52.05 9.89 10.83 0.5 0.5 5.26 4.81

1.98 1.64 52.05 9.89 10.79 0.5 0.5 5.26 4.82

1.98 1.72 none 9.9 10.57 0.5 0.5

1.21 1.11 none 13.42 13.92 0.5 0.5
1.9 1.7 none 10.08 10.62 0.5 0.5

1.9 1.7 none 10.08 10.61 0.5 0.5
1.09 1.05 none 9.7 9.7 0.5 0.5
1.82 1.82 none 9.7 9.7 0.5 0.5

/
Ib
9

Note: * HEC-RAS Interpolated Cross Section
a) HEC-RAS Station 3034.768, critical depth at drop upstream of CBC5
b) HEC-RAS Station 3833.892, WSEL =351.86 m as provided by HDR per HY8 analysis of box culvert

Stationing, in meters Channel Elevation, m vv. S. Elevation,m Froude Number Super Elevation, m Required Fb, m Available Freeboard, m
HEC-RAS Plan Set Invert Top Bank DesignQ FutureQ DesignQ FutureQ DesignQ FutureQ DesignQ FutureQ DesignQ FutureQ

1000 0+000.000 346.700 350.130 349.16 349.16 0.29 0.35 0.013 0.019 0.300 0.300 0.957 0.951
1016.5 0+016.500 346.730 350.138 349.25 349.29 0.28 0.33 0.013 0.Q18 0.300 0.300 0.875 0.830
1036.5 0+036.500 346.738 350.138 349.29 349.36 0.31 0.35 0.018 0.024 0.300 0.300 0.830 0.754
1071 0+071.000 346'.752 350.150 349.30 349.37 0.31 0.35 0.Q18 0.024 0.300 ~ 0.300 0.832 0.756
1106 0+106.000 346.766 350.164 349.35 349.43 0.20 0.23 0.011 0.Q15 0.300 0.300 0.803 0.719
1117 0+117.000 346.770 350.168 349.33 349.41 0.31 0.34 0.018 0.023 0.300 0.300 0.820 0.735
1620 0+620.000 346.970 350.370 349.45 349.56 0.33 0.36 0 0 0.300 0.300 0.920 0.810
1787 0+787.000 347.080 350.493 349.50 349.61 0.35 0.37 0 0 0.300 0.300 0.993 0.883
1805 0+805.000 347.091 350.504 349.55 349.67 0.22 0.24 0 0 0.300 0.300 0.954 0.834
1840 0+840.000 347.114 350.527 349.53 349.64 0.35 0.37 0 0

"
0.000 0.000 0.997 0.887

1860 0+860.000 347.127 350.527 349.53 349.65 0.35 0.37 0 0 0.300 0.300 0.997 0.877
2042.181 1+042.181 347.247 351.447 349.59 349.72 0.37 0.39 0 0 0.300 0.300 1.857 1.727
2062.161 1+062.161 347.260 350.660 349.58 349.70 0.32 0.35 0 0 0.300 0.300 1.080 0.960

. 2062.261 1+062.261 347.260 350.879 349.58 349.69 0.34 0.37 0 0 0.300 0.300 1.299 1.189
2205 1+205.000 347.361 351.054 349.65 349.78 0.34 0.37 0 0 0.300 0.300 1.404 1.274

2999.276 1+999.276 347.968 351.054 350.09 350.29 0.38 0.40 0 0, 0.300 0.300 0.964 0.764
3009.876 - 2+009.876 347.976 351.599 350.09 350.30 0.38 0.40 0 0 0.300 0.300 1.509 1.299
3014.675 2+014.675 347.980 351.237 350.07 350.24 0.46 0.52 0 0 0.300 0.300 1.167 0.997
3034.768 2+034.768 348.637 351.237 350.05 350.20 1.01 0.98 0 0 0.376 0.409 1.187 1.037 a

3058 2+058.000 348.653 351.258 350.23 350.38 0.83 0.83 0 0 0.300 0.300 1.028 0.878

.3088 2+088.000 348.675 351.278 350.54 350.69 0.38 0.39 o . 0 0.300 0.300 0.738 0.588
3105 2+105.000 248.687 351.290 350.44 350.59 0.67 0.68 0 0 0.300 0.300 0.850 0.700
3340 2+340.000 348.853 351.453 350.72 350.87 0.59 0.60 0 0 0.300 0.300 0.733 0.583

3511 2+511.000 349.010 351.608 350.88 351.03 0.59 0.60 0.038 0.044 0.300 0.300 0.690 0.534

3539.5 * 2+539.500 349.030 351.634 350.90 351.14 0.59 0.46 0.038 0.028 0.300 0.300 0.696 0.466

3568 * 2+568.000 349.060 351.660 350.93 351.16 0.59 0.46 0.038 0.028 0.300 0.300 0.692 0.472

3739 2+739.000 349.214 351.815 351.09 351.26 0.59 0.49 0 0 0.300 0.300 0.725 0.555

3756 2+756.000 349.229 351.831 351.23 351.36 0.33 0.29 0 0 0.300 0.300 0.601 0.471

3786 2+786.000 349.257 351.857 351.18 351.31 0.56 0.48 0 0 0.300 0.300 0.677 0.547

3802.422 2+802.422 349.271 351.871 351.19 351.32 0.56 0.49 0 0 0.300 0.300 0.681 0.551

3822.742 2+822.742 349.290 35~.'~~ - "351.43 351.51 0.24 0.23 0 0 0.300 0.300 ~/A41 1..J.8Q/..3 fit
3833.892 2+833.892 350.550 35~~t.lf 351.86 351.86 0.52 0.52 0 '0 0.300 0.300 ~d.'b1~'

JIP"'.,.JI ,.. ...

•

••
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APPENDIXC

Hydrologic Analyses of First Flush Flow
UsingHEC-l

(From "Initial Drainage Report, Santan Freeway, 56th
Street to, Price and Gila Drain Floodway to Basin B",
Wood, Patel & Associates,Inc., September 12, 199~)



u.s. ~~ CORPS OF ENGI~ERS

HYDROLOGIC ENGINEERING CE~7ER

609 SECOND STREB"

DAVIS, ~IFORNIA 95616

{9l61 551-1748

.•.•.••....•...........•.•.•...........

(HEC-l )

08:39:36TIME09/13/96

HYDROGRAPH PACKAGE
JUN 09 1992

VERSION 4.0.3E

FLOOD,-
RUN DATE

'
" ....••...••.•••..•.••...•.....••..•.••.

*

.1······*··*·******·********··**********:

I·
I

x. X xXXXXXX XXXXX X

X X X X X XX

X X· X X X

XXXXXXX XXXX X XXXXX X

X X X X X

X X X X X X

X X XXXXXXX XXXXX XXX

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

THE DEFINITIONS OF VARIABLES -~TIMP- 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

I
I
I
I
I
I

I



10 1 2 3 ..•.... 4 5 6 7 8 9 10

HEC-1 INPUT

SANrAN ~~EL DESIGN

OMJM-WOOO PATEL -- 9/12/96

HYPOTHETICAL ANALYSIS TO DETERMINE

BY THE EFFECTIVE WATERSh"EO

FILENAME: FRSTFLSH.OAT

5 289

PAGE :

FIRST FLUSH VOL~E CREA7E~

oo1

10

IT

10

-DIAGRAM

ID

:0
m
:0

.~
3

4

5

6

7

8

9

10

12

13

14

KK FIRST FLUSH

KM SUE1

BA i.825

PH 1 1.82.5 0.29 0.53 0.86 0.94 1. 00 1.11 :.23 1.34

LG 0.35 0.30 10.8 0.04 0.00

UC 3.50 2.54

ZZ

•

••



SCHEMATIC DIAGRAM OF STREAM NETWORK

« ) RETURN OF DIVERTED OR PUMPED FLOW

( » DIVERSION OR PUMP FLOW

FIRST

: .) CONNECTOR

(V) ROUTING

I"
·:sptr.

I:NE

~.

1 8

;••• ) RUNOFF ALSO COMPUTED AT THIS LOCATION

I
I
I
I



U.S. ARMY CORPS OF ENOI~~ERS

HYDROLOGIC ENGINEERING CEN:ER

609 SECOND STREET

DAVIS, CALIFORNIA 95616

(916) 551-1748

(HEC-ll

08:39:36TIME09/13/96

HYDROGRAPH PACKAGE

.ruN 09 1992

VERSION 4.0.3E

FLOOD

1f :

HYDROGRAPH TIME DATA

NMIN 5 MINUTES IN COMPUTATION INTERVAL

I DATE 1 O. STARTING DATE

ITIME 0000 STARTING TIME

NQ 289 NUMBER OF HYDROGRAPH ORDINATES

NDDATE 2 a ENDING DATE

NDTIME 0000 ENDING TIME

I CENT 19 CENTURY MARK

OUTPUT CONTROL VARIABLES

IPRN'l' 1 PRINT CONTROL

I PLOT 0 PLOT CONTROL

QSCAL O. HYDROGRAPH PLOT SCALE

·SANTAN CHANNEL DESIGN

DMJM-WOOD PATEL -- 9/12/96

HYPOTHETICAL ANALYSIS TO DETERMINE

BY THE EFFECTIVE WATERSHED

FILENAME: FRSTFLSH.DAT

COMPUTATION INTERVAL

TOTAL TIME BASE

FIRST FLUSH VOLUME CREATED

0.08 HOURS

24.00 HOURS

SQUARE MILES

INCHES

FEET

CUBIC FEET PER SECOND

ACRE-FEET

ACRES

DEGREES FAHRENHEIT

:::NGLISH UNITS

D.RAINAGE AREA

PRECIPITATION DEPTH

LENGTH, ELEVATION

FLOW

STORAGE VOLUME

SURFACE AREA

TEMPERATURE

t
I
I

7 IO

I
I IT

I..
I
I
·1
'Il . • •• *** •••••••••••••••••••••••••••••• *.* •••• *. *.* •••• * ••••

....... ** ••• ,.. •••

I
8 KK FIRST

* •• *1Ir*"' •• * ••••

FLUSH

SUBl

I

SUBBASIN RUNOFF DATA

SUBBASIN CHARACTERISTICS
TAREA 1.83 SUBBASIN AREA

PRECIPITATION DATA



HYPOTHETICAL STORM

12-HR

1.23

.1 ?H

•
5-MIN

0.29

HYDRO-35

15-MIN

0.53

60-MIN

0.86

DEPTHS FOR l-PERCE~~

............... T?-40

2-HR 3-HR 6-HR

0.94 1.00 1.1:

STORM AREA = 1. 83

24-HR

1. 34

........... 7?-49 ..

2-DAY 4-~AY 7-DAY 10-DAY

0.00 0.00 0.00 0.00

GREEN AND AM?T LOSS RATE

STRTL 0.35

DTH 0.30

PSIF 10.80

XICSAT 0.04

RTIMP 0.00

STARTING LOSS

MOISTURE DEFICIT

WETTING FRONT SUCTION

HYDRAULIC CONDUCTIVITY

PERCENT IMPERVIOUS AREA

13 UC CLARK UNITGRAPH

TC

R

3.50, TIME OF CONCENTRATION

2.54 STORAGE COEFFICIE~~

SYNTHETIC ACCUMULATED-AREA VS. TIME CURVE WILL BE USED

UNIT HYDROGRAPH

185 END-OF-PERIOD ORDINATES

1. 4. 9. 15. 22. 29 .. 37. 45. 54. 62.

72. 81. 91. 101. 111. 121. 131. 142. 152. 163.

173. 184. 194. 203. 212. 220. 227. 233. 239. 244.

248. 252. 255. 258. 259. 260. 261. 260. 259. 257.

253. 249. 242. 234. 226. 219. 212. 205. 199. 192.

186. 180. 174. 169. 163. 158. 153. 148. 143. 138.

134. 130. 125. 121. 117. 114. 110. 106. 103. 100.

96. 93. 90. 87. 85. 82. 79. 77 . 74 . 72.

69. 67. 65. 63. 61. 59. 57. 55. 53. 52.

50. 48. 47. 45. 44. 42. 41. 40. 38. 37.

36. 35. 34. 33. 32. 31. 30. 29. 28. 27.

26. 25. 24. 24. 23. 22. 21. 21. 20. 19.

19. 18. 18. 17. 16. 16. 15. 15. 14. 14.

13. 13 . 13. 12. 12. 11. 11. 11. 10. 10.

10. 9. 9. 9. 9. 8. 8. 8. 7. 7.

7. 7. 7. 6. 6. 6. 6. 6. 5. 5.

5. S. 5. 5. 4. 4. 4. 4. 4. 4.

4. 4. 3. 3. 3. 3. 3. 3. 3. 3.

3. 3. 2. 2. 2.
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0115 16

0120 17
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0130 19
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0240 33

0245 34
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1450 179

1455 180
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I 1 1040 129 0.00 0.00 0.00 O. 1 2245 274 0.00 0.00 0.00 5.

1 1045 130 0.00 0.00 0.00 O. 2250 275 0.00 0.00 0.00 5.

1 1050 131 0.01 0.01 0.00 O. 1 2255 276 0.00 0.00 0.00 5.

1 1055 132 0.01 0.01 0.00 O. 1 2300 277 0.00 0.00 0.00 4.

I • 1100 133 0.01 0.01 0.00 O. 1 2305 278 0.00 0.00 0.00 ...
1105 134 0.0: 0.01 0.00 O. 1 2310 279 0.00 0.00 0.00 4.

1 1110 135 0.01 C.Ol 0.00 O. 2315 280 0.00 0.00 0.00 4.

I 1 1115 136 0.01 0.01 0.00 O. 1 2320 281 0.00 0.00 0.00 4.

1 1120 137 0.01 0.01 0.00 O. 1 2325 282 0.00 0.00 0.00 4.

1 1125 138 0.01 0.01 0.00 O. 1 2330 283 0.00 0.00 0.00 4.

1 1130 139 0.01 0.01 0.00 O. 1 2335 284 0.00 0.00 0.00 4.

I 1 . 1135 140 0.02 0.02 0.00 O. 1 2340 285 0.00 0.00 0.00 3.

1 1140 141 0.03 0.03 0.00 O. 1 2345 286 0.00 0.00 0.00 3.

1 1145 142 0.03 0.03 0.00 O. 1 2350 287 0.00 0.00 0.00 3.

I
1 1150 143' 0.05 0.05 0'. 00 O. 1 2355 288 0.00 0.00 .0. 00 3.

1 1155 144 0.06 0.06 0.00 O. 2. 0000 289 0.00 0.00 0.00 3.

1 1.200 145 0.14 0.09 0.05 O.

II····················································· .....................•......................................................

7CTAL RAINFALL • 1.34. TOTAL LOSS· 1.00, TOTAL EXCESS· 0.34

I::AK FLOW
, (CFS)

89.

I
I.e
I

I
I·
I
I
I

Ie
I
I

TIME
(HR)

1.5.08

MAXIMUM AVERAGE FLOW

6-HR 24-HR 72-HR 24.00-HR

(CFS) 56. 16. 16. 16.

(INCHES) 0.285 0.334 0.334 0.334

lAC-IT) 28. 32. 32. 32.

CUMULATIVE AREA • 1.83 SQ MI



RUNOFF SUMl".ARY
FLOW IN CJBIC FEET PER SECOND

TIME IN HO~S. AREA IN SQUARE MILES

AVERAGE FLOW FOR MAXIMUM PERIO:

6-HO~ 24-HOu~ 72-HOURI.
I

OPERATION

HYDROGRAPH AT

STATION

FIRST

PEAK

FLOW

89.

TIME OF

PEAK

15.08 56. 16. 16.
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• SANTAN
CONSTRUCTED WETLAND

I. INTRODUCTION

All wastewater treatment technologies require the use of natural processes such as

microbial reactions or gravity for sedimentation. The great advantage of a constructed wetland

•

or ecosystem for water quality enhancement is that these systems do not require large amounts of

energy generated from fossil energy sources nor elaborate treatment facilities.

Natural wetlands are typically called marshes, swamps, or bogs. These natural areas are

vegetated with dense and, many times, diverse plant communities that can provide habitat for

birds, reptiles, mammals, amphibians, invertebrates, as well as complex microbial communities.

Thus, these ecosystems can be rich, complex "natural communities" that perform as nature's

mechanism for enhancing water quality.

The use of a constructed wetland for treating various types of wastewater is a relatively

recent adaptation of the use of nature's own water treating "facility". The oldest full-scale

constructed wetland system has been operating for only about 20 years. There are 3 major types

of constructed wetland systems currently in use: floating aquatic plants (FAP), subsurface flow

(SSF), and surface flow (SF), also called free water surface (FWS). The use of these systems is

rapidly expanding for the treatment of many types of wastewater, including stormwater (Schueler,

1992; Olson, 1993).

Some of the major components of a constructed wetland that can impact the efficiency of

• the treatment process include: plant species, soils, detritus, microbial species, and presence/ab-
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•

• sence of animals. These components are in tum influenced by water depth, air/water temperature,

pH, and dissolved oxygen (Reed et ai., 1995).

Stormwater quality has become a major concern, especially in urban areas. Stormwater

runoff from urban areas can contain high levels of nutrients, sediments, residues from exhaust

fumes, and other contaminants (Environet, 1997). A study conducted in Ontario indicated that

bacteria and heavy metals, principally lead, zinc and cadmium, were of primary concern from

stannwater runoff. Contaminants from industrial and residential activities were found to already

impact the local river. Typically reported were illicit discharges arising from poor housekeeping

practices, especially in industrial areas (Environet, 1997).

Carefully designed and built constructed wetland treatment systems can serve as a

component of a facility to treat non-point source (NPS) pollution problem occurring in stormwater

runoff (Schueler, 1992; Olson, 1993). A constructed wetland can remove many of the NPS

contaminants found in stormwater runoff by biological, chemical and physical means, in much the

same way as a natural wetland or more conventional treatment systems. These engineered

we~lands can be designed to treat specific contaminants, enhance flood control, and provide many

of the ancillary benefits of natural wetlands such as wildlife habitat, aesthetically pleasing open

space and recreational opportunities (Environet, 1997).

Constructed wetland basins, cells, raceways, or ponds can act as natural filters by trapping

sediments. Macrophytes (emergent or aquatic vegetation) growing within the cells can utilize

nutrients such as phosphates and nitrates. They can also take up and use and/or concentrate heavy

metals contained in the stormwater or the sediment. The primary design parameters for a

•
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• constructed wetland include: hydraulics, detention times, flow rates, water velocities, aquatic

vegetation and fauna, access for maintenance, and harvesting and monitoring.

During a study conducted inBayswater, Perth, Australia (Environet, 1997), samples were

taken at the inlet and outlet of t:he two wetland basins designed for stormwater runoff under steady

flow conditions. Cage structures with weirs are situated at the outlet of each wetland. Both

wetlands successfully filter sediment, but the efficiency is dependent on the design of each

wedand. The following results from the water sampling were obtained. Values are expressed as

the mean.

Species Inlet (mgtI) Outlet (mgtI)

Total Suspended Solids 16.3 6.6

• Volatile Suspended Solids 9.5 6.6

N03-N 3.1 1.7

Total Kjeldahl Nitrogen 1.0 0.9

Heavy Metals <0.02 <0.02

Total Phosphorus some samples higher in outflow than inflow,
particularly for samples taken after rainfall

Aquatic species in the basins include Typha orientalis, Potamogeton cripus, Juncus pallidus,

Juncus krassii, Cyperus rotundus, Bolboschoenus caldwellii, and Avena satira, with Juncus

pallidus as the dominant species.

•
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• II. TRADITIONAL STORMWATER TREATMENT SYSTEM DESIGNS

Introduction

Stormwater detention basins can be designed with aesthetic features and can provide for

water quality improvements. Some have termed these areas "biofilters" . Included in these are

shallow water marshes, reasonably flooded basins, and wet and dry meadows (Perlow, 1993).

Ponding stills the stormwater and permits silts and sediments as well as their attached

pollutants to settle out and sometimes bind with bottom sediments. Soluble pollutants are probably

best removed in a permanent pond, emergent wetland or by means of extended runoff retention,

utilizing microbial activity within a shallow intermittently wet scrub shrub brush habitat (Perlow,

1993). Pollutant removal will vary seasonally with the highest removal rates occurring in

•

•

summer.

DetentionIRetention Systems

Most stormwater detention ponds dry out quickly under arid conditions. Often, during the

rainy season, the water levels in these ponds remain at or near the outflow structures. Stormwater

entering a detention area under these conditions displaces an equivalent amount of water that

usually overflows to an adjacent man-made or natural drainage system. The detention pond acts

as a sink or trap where pollutants picked up by the initial surge of stormwater settle out before

leaving the detention pond. These ponds are usually referred to as "Wet-detention systems"

(O'Meara and Purcell, 1993).

By contrast, retention areas are designed to hold stormwater until the effects of percolation

and evapotranspiration return the area to its normal dry state. Since these storrnwater retention

areas are designed to dry out rapidly, they are usually called "dry-retention systems" (O'Meara

4
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• and Purcell, 1993). The Equalization Basin in the Santan Basin B complex represents a dry

retention system. First-flush stormwater is retained and is slowly discharged to the treatment

cells, providing primary sedimentation.

Wet Detention Ponds

A wet detention pond is a pond that is specifically designed, built and/or modified to

maintain a permanent pool of water within a designated area and that relies on physical,

biological, and chemical processes to remove pollutants from stormwater runoff. Pollutant,s

removed include sediment, organic matter, dissolved metals, and nutrients. In addition, wet

detention ponds control stormwater flow that prevents downstream flooding. As stormwater enters

the pond, treated water is displaced and discharged into a receiving body of water. Enhanced

treatment of stormwater nmoffcan be achieved through extended detention and the use of aquatic

plants in the perimeter of the pond or by the addition of a constructed wetland. Sediment removal

can also be increased through the use of sediment traps in the perimeter of the pond. Sediment

removal can also be increased through the use of a sediment forebay (EnviroSense, 1997).

Before construction of a pond begins, local, state, and federal permits should be confirmed

and approved for all aspects of construction including wetlands, water quality, dam safety,

grading, erosion control, and land use. Wet detention ponds rely on the existence of a permanent

pool of water within the pond and, therefore, should be placed in areas with adequate baseflow

from groundwater or from other sources to maintain an adequate water level. Soils under the

•
pond should have a low permeability (10-5 to 10-6 cm/sec) to ensure future existence of the pond.

Placement should take into consideration a location that allows for maximum detention volume

while requiring minimal earth removal, thus lowering construction costs. Pond construction

5



• ' should not be considered near 'land constraints such as utilities or underlying bedrock

(EnviroSense, 1997).

Pollutant removal in the pond is determined using one of two methods: solids settling and

eutrophication. The solids settling method relies on pollutant removal through sedimentation and

the eutrophication method removes nutrients using natural biological processes. According to the

National Urban Runoff Program (NURP), up to two-thirds of the sediments, trace metals, and

nutrients are removed as a result of sedimentation within 24 hours. Other studies that looked at

biological removal suggest hydraulic residence times (HRTs) close to two weeks to get adequate

phosphorus removal (EnviroSense, 1997). Documented removal efficiencies for wet detention

•
ponds are as follows:

Percent Removal

Parameter

Total Suspended Solids
Total Phosphorous
Soluble Nutrients

Lead
Zinc

Biochemical Oxygen Demand
Chemical Oxygen Demand

Ihydraulic residence time varies
~ydrau1ic residence time of 2 weeks

Schueler, 19921

50-90
30-90
40-80

Hartigan, 19882

80-90

50-70
70-80
40-50
20-40
20-40

•

Two ratios are useful at predicting pollutant removal efficiencies: volume ratio and area

ratio. Volume ratio (VB/VR) is the ratio of permanent pool storage (VB) to the mean storm

runoff (VR). Area ratio (A/As) is the ratio of the contributing drainage area (A) to the permanent

pool surface area (As). Both of these ratios are correlated with treatment efficiencies. Large

6
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• volume ratios result in increased retention and treatment between storms while low pollutant

efficiencies are achieved with low volume ratios (EnviroSense, 1997).

Pool depth can playa critical role in pollutant removal and storage, but caution should be

taken when increasing the depth of the pool. A pond with an HRT of two weeks would function

optimally at depth ranges from 3 to 9 feet; shallower depths with the same pond surface area have

shorter HRTs (EnviroSense, 1997).

Water within the pond· is discharged through an outlet. A wet pond outlet consists of a

vertical riser, either concrete or corrugated metal, attached to a horizontal barrel that conveys

stormwater flow under the embankment to a receiving stream. The outlet is designed to pass

excess water while maintaining a permanent pool. Risers are typically placed in or on the edge

of the embankment and are capped with a trash rack to prevent clogging (EnviroSense, 1997).

Due to the intermittent occurrences of runoff events in the Phoenix area and the high evaporation

•

rates; a wet-detention pond would require large quantities of supplemental water to maintain the

aquatic system. Therefore, a wet detention pond is not recommended for this project.

Maintenance

As with any stormwater best management practice (BMP), proper maintenance will be

required to ensure proper functioning of the pond (EnviroSense, 1997). Proper maintenance may

include',any or all of the following:

• Clearing trash and debris

• Conducting routine inspections of the embankment and spillway to check structural integrity

and look for signs of erosion or animal habitation

• Conducting periodic repairs on the embankment, emergency spillway, inlet, and outlet

7



• • Maintaining that outfall area (Le., replacing rip-rap, removing sediments, etc.)

Sediments collected by the wet detention pond typically meet toxicity limits and can be

landfilled safely. Testing of the sediments may be required if the upstream drainage area is

industrial and/or results in highly contaminated runoff. Non-toxic sediments can also be disposed

on site, but away from the high water line to prevent their re-entry into the pond. The removal

of sediments in a pond may be necessary every 20 years. This can be decreased to every 50 years

if a sediment forebay is used prior to the wet pond. The sediment forebay would require

maintenance every 5 to 7 years (EnviroSense, 1997).

Disadvantages

•

•

Pond construction should not be considered near land constraints such as utilities,

underlying bedrock, or abundant landfills or wildcat dumps. Sediments from upstream industrial

or highly contaminated runoff areas may be a hazardous waste requiring special disposal/treatment

(EnviroSense, 1997). To our knowledge, the Santan watershed does not have an unusually high

potential for extremely contaminated runoff, although hazardous spills can and do happen in any

urban watershed.

Economic Analysis

Budgeting for construction of a wet detention pond should include costs for permitting,

designing, constructing, and maintaining the pond. Costs will vary for permitting from state to

state as will the construction of a pond in a developing area versus a developed area. Developing

areas tend to be less costly, as there are less problems with existing utility and structure

constraints. An average cost for a 1-acre, 5-foot deep pond with a storage volume of 180,000

8
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issues.

• III. CONSTRUCTED WETLAND DESIGN ALTERNATIVES

There are several design alternatives for treatment of water at the Santan Project. These

can be described as free water surface wetland (FWS), subsurface flow wetland (SSP), aquatic

ponds, an "arid wetland", and planted filter strips.

Free Water Surface

The most used wetland design for large-scale constructed wetlands in the United States is

the free water surface wetland. This system is typical of what would be found in nature. It has

areas of open water as well as dense stands of emergent and sometimes submerged plants. The

dominate species are cattail, bulrush, and common reed. Some of these systems are planted with

additional species to enhance the wildlife habitat value of the system. Less costly to build than

a subsurface flow wetland, this system has all the problems of open water, Le. potential mosquito•

•

Subsurface Flow

The subsurface flow wetland design is widely used for many small-scale systems such as

at individual residences. It also can be designed to operate in a vertical mode, not only the typical

horizontal flow. Plant species usually employed are the same as in the free water surface wetland.

The major problems associated with this design are the high cost of gravel or other media to

support the emergent plants and the potential for the media to clog over time.

Aquatic Pond

Aquatic ponds typically are covered by floating macrophytic plants such as water hyacinth

and duckweed. These ponds can vary in depth and shape and can be lined or unlined, depending

on water quality, depth of water, and permit requirements. Both water hyacinths and duckweed

10



• require harvesting. Mosquitoes can be present because of the open water surface, especially that

created during harvesting of the plants.

Planted Filter Strips

Another possible alternative treatment design is an overland flow system. This typically

consists primarily of grass or grasslike plants through which large volumes of water flow on a

very regular basis. Cynodon dactylon (Bermuda grass) might be a candidate species. This plant

is a particularly aggressive weed that can withstand some degree of inundation, high salt levels,

and almost anything that man can try as a weed control method. Because of allergy concerns, the
,

plant would likely have to be harvested regularly. Mosquitoes are also known to breed in well-

•

•

watered Bermuda grass. This type of system is basically a meadow and must be planted with a

water-tolerant grass or sedge. It can be operated in a continuous mode with 1 t05 cm of water

depth. In any case, supplemental water would be required to maintain the plants. Olson (1993)

reported that one water-tolerant grass species that has been used in this kind of system is Phalaris

arundinacea (reed canary grass). Canary grass has been found growing in parts of Arizona.

"Arid Wetland"

A variation on the concept of planted filter strips could be called an "arid wetland". This

type of wetland can be created with plants that are adapted to periodic flooding and can be found

growing in similar conditions in Arizona. An example of this type of wetland is the St. David

cienega near Benson, Arizona. This kind of wetland is not suitable for permanent flooding, but

requires that periodic flooding occur. Two of the most likely candidate plant species for this type

of wetland are Hilaria mutica (Tobosa grass) and Prosopis juliflora (mesquite).

11
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• This particular type of wetland has never been built. Therefore, many questions would

need to be addressed such as length of the period of inundation, depth of inundation, treatment

efficiency, plant species composition, etc. This experimental system if successful, however,

might prove to be suitable for many arid portions of Arizona that have limited periods of adequate

water availability combined with long periods of little or no water. Floodwater mosquitoes might

prove to be a problem. Other types of mosquitoes also could become a problem if long periods

of inundation are possible (see section below on Mosquitoes). Another possible issue could be

weed control, although dense stands of established Hilaria should out-compete most other weeds.

"Hybrid' System

An experimental system currently under development at the Constructed Ecosystems

Research Facility in Tucson might provide operational flexibility. This system could be operated

as a surface flow system as well as a subsurface flow system if mosquito breeding became a

significant problem. If required to control mosquito larvae, exposed surface water could be

concentrated in deep zones that would have little cover for larvae in and around emergent

vegetation, thus making it easier to control breeding (see Section VII).

•
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IV. WETLAND OPERATIONS

Control Mechanisms

There are only a few control mechanisms for operating a wetland system. These include

variation of influent flow, loading rates, water level within the cells, rotation in the use of

individual cells, and variations in pretreatment. Vegetation management options include species

selective removal, and the control of fire (Kadlec and Knight, 1996).

At the Santan facility, the supply of water will be controlled with external irrigation water

applied as necessary to establish and maintain the treatment cells. The water can be recycled and

therefore, a traditional "residence" or "detention" time approach to design is not meaningful.

Created wetland biofilters require a period of time to establish, stabilize, and grow into a

viable functioning wetland. This may involve 2 to 5-plus years, as each system is different and

dependent upon the specific site conditions related to the hydraulic regime. For example, a pond

or permanent shallow marsh biofilter may be an almost "instant" wetland success with dense

growth achieved in one season, whereas an intermittently wet and dry scrub brushbiofilter will

require at least several growing seasons to become established and several more years to present

a natural stable visual character (Ferlow, 1993). If the "arid wetland" or a "hybrid" concept is

chosen, then the Santan facility could have two different types of wetland.

Pond biofilters, used as landscape features, have the potential to be impacted by run-off

carried debris and petroleum products which "float" across the surface and degrade general visual

quality. These aesthetic impacts can be significantly reduced through construction of a stone

lined, heavily vegetated, bowl-shaped "trap" at the inlets. Entering runoff must pass through the

13
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• rough stone layer and plant material growth. A significant percentage of the "floatables" will be

caught and held at this point. "Trap" locations should be designed for easy access and periodic

removal of the collected materials (Ferlow, 1993). At the Santan facility, there are trash racks

at the inlet to the cells and at the outlets from the cells.

To ensure the potential for reasonable success, created wetland biofilters require detailed

construction monitoring and maintenance during their time of establishment. Water levels must

be checked, adjusted, and stabilized at optimum levels. Water elevation fluctuations of several

inches can change the type from wetland-oriented to upland, or drown desired plants. Undesirable

pioneer plant growth must be controlled or weeded out until desirable higher-quality vegetation

has had time to become established and has a reasonable chance for continuance. Once

established, the desirable wetland vegetation appears to have the potential to complete reasonably

with the more aggressive weed species (Ferlow, 1993).

In a newly-created biofilter, wildlife impacts may have to be controlled to manageable

levels, at least until the ecosystem can survive what might be considered normal wildlife predation

impacts. For example, fine tuning of "normal" water level in a shallow marsh biofilter may be

necessary to limit the habitat value of the created wetland for species that have the potential for

negative impacts on the recently planted vegetation (Ferlow, 1993).

As a created wetland biofilter grows and matures, it may change in visual character and

habitat type from the original design. Rainfall cycles, water levels, natural plant growth patterns,

and wildlife utilization will playa role in and the establishment of wetland functional values

(Ferlow, 1993).

•
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Though designed with the same basic standards, healthy functioning biofilters display quite

diverse resul~s. When correctly sited within the development plan, created wetland biofilters

provide strong visual interest in the landscape and act as natural open-space buffers (Ferlow,

1993).

The strong natural visual values, open-space elements, wildlife habitat characteristics, run

off control features, and water-borne materials reduction within created wetland biofilters

represent positive environmental conditions (Ferlow, 1993.)

Water Requirements

In order to maintain a typical constructed wetland planted with bulrush, cattail, or common

reed that is designed to capture and treat stonnwater runoff in Phoenix, supplementary water will

be required. Based on the water required by traditional agricultural crops such as cotton, alfalfa,

and pecans, and on a pan evaporation rate of about 9,000 mm (108 inches) annually, it can be

estimated that about 3 m (9 feet) of water will be required annually if significant amounts of water

are not lost to seepage. In metro Phoenix, only 5 tolO stonn events on average per year will

produce adequate precipitation to yield stonnwater runoff to the Santan system.

For design purposes, the evapotranspiration rate should be estimated as 80 percent of pan

evaporation for the greater Phoenix area. This would be about the same as a lake evaporation

rate. In the continuing discussion over the issue of evapotranspirational losses from aquatic

systems and wetlands, the general consensus is that shading from floating aquatic plants or

emergent species decreases evaporation from the water surface, but plants continue to transpire.

Therefore, the effect is that the presence or absence of plants results in about the same rate of

water loss (Reed et al., 1995). Preliminary data indicate that, after about one year of operation,
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• evapotranspirational and seepage losses from the Sweetwater Wetlands in Tucson are over 40

percent of the incoming water. At Tres Rios in the Greater Phoenix area,overall water loss has

been reported to be approximately 12 to 15 percent with 3 to 5 percent being attributed to

evapotranspirationallosses or about 5 to 6 feet (Wass, 1998).

The use of supplemental water in arid Arizona may create some negative public perceptions

and negative press. It is critical, therefore, that low quality water or water that is currently not

being used for productive purposes be applied and that this information be well-documented and

clearly stated in any information distributed about the system.

•

•

Single- Vs. Multi-celled System

It is generally agreed in the engineering community that a constructed wetland should be

designed as a multi-celled system. The presence of multi-cells provides operational flexibility

from a perspective of water availability as well as for maintenance and/or repair. Planting

individual cells with different species facilitates operation of the system. The use of a single-cell

system should be avoided.

Animals and the System

As noted above, the presence of water and plants will attract many animals. Most of these

will have little impact on the operation of the wetland facility. However, rabbits and/or

herbivores can denude a recently-planted area rapidly. Inundation of 15 cm (6 inches) will

prevent rabbits from browsing newly planted material. Areas that are not inundated will need to

be fenced to prevent destruction of the plants. This applies even to desert plants such as mesquite.

Once established, most of the plant species can readily endure browsing by rabbits, deer, or other
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• mammals. At the Santan facility, the Basin site will be fenced. However, some animals will still

be able to enter the system unless the fencing is specifically designed to exclude them.

Typically, "birds have minimal direct impact on the plants, but the presence of large

numbers of birds at particular times of the year can adversely impact the quality of the water

leaving the wetland. The birds also will introduce seeds, especially cattail, from other areas and

can add significantly to the organic waste load.

Overall, it will be impossible to exclude birds, mammals, insects, and other animals from

the system. Therefore, the only control measures that should be undertaken are as noted above

for initial plant protection or as mentioned in the section under mosquito control.

Public Access

The presence of water and a diverse plant community in an arid area such as the proposed

siting for the Santan project will attract birds and other animals whether or not the wetland is

designed to do so. The presence of birds and other animals will, in tum, draw the attention of

people. In Tucson, at the Sweetwater Wetlands and to a lesser degree at the 91st Avenue Wetland

in Phoenix, the public's presence has been encouraged. The opportunity for the public to visit and

view these systems is very positive from both a multiple use concept as well as from a public

educational and public relations aspect. Nevertheless, inviting the public into the wetland

environment has some significant consequences. The first of these is the cost of designing the

system to accommodate the presence of the public. At the Sweetwater Wetlands, paved paths,

restroom facilities, overlooks, parking, signage, and other amenities are being provided at

significant costs. At 91st Avenue, fewer amenities are provided. At both facilities, the issue of

• liability and protecting the public are of concern. The presence of mosquitoes at 91st Avenue
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• raises issues of public perception and safety as well. The Sweetwater facility is too new to

evaluate the issue of mosquitoes at that location.

From the standpoint of the Arizona Department of Transportation (ADOT) and Maricopa

County, the least costly, lowest maintenance and most easily implemented alternative would be

to exclude the public. A possible compromise would be to post signage around the facility

informing the public about the faCility and its purpose, and only permitting occasional visits by

organized groups.

The decision to use this facility as strictly a fenced operational facility with little if any

public access will eliminate the need to maintain the Santan facility in a manner required by public

aesthetics or for public access. Maintenance, therefore, will be dictated by operational concerns.

Weed Control

The presence of weeds at the site is to be expected, both within and around the wetland

cells. One of the major weeds to be expected around the cells in the dry areas is likely to be

Salsola kali (Russian thistle or tumbleweed). Other annual and perennial weeds are also to be

•

expected. These can be controlled readily by minimizing soil disturbance, using pre-emergent

herbicides and/or Roundup@ or other weeding methods. An important concern, however, is if

these herbicides should get into the water stream flowing in the wetland cells.

Within the wetland cells, cattail is the most likely herbaceous weed and can be removed

by hand until the other desired species are firmly established. At that time, the desired species

should maintain themselves. Around the edge of the cells, Tamarix chinesis (salt cedar) and

Cynodon dactylon sp. (Bermuda grass) will be present. It is strongly recommended that any

young seedlings of both salt cedar and Bermuda grass be removed immediately, because once
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• established, these prolific seedling exotic plants will rapidly become major components of the

plant community as well as major pests. Also, once established, they are difficult, if not

impossible, to remove and/or control. It would require extensive, repeated physical control as

well as the use of selected herbicides. Control of these species, however, has proven to be very

difficult.

•

•

Within the "arid wetland," weeds will tend to be a greater problem unless one or some

combination of several options are used to control their development: (1) the use of pre-emergent

herbicides, (2) the use of Roundup®, (3) mechanical control (blading, mowing, hoeing), (4)

. development of a dense ground cover, or (5) the use of a rock or other mulch cover. Weeds that

could be expected in this area are both dry land weeds such as tumbleweed and careless weed

(Amanthus palmen) as well as other weeds such as Bermuda grass (Cynodon daetylon) .

The use of decomposed granite on the sides of any of the wetland system is unlikely to

completely prevent the growth of weeds. Water is likely to wick up the sides in sufficient

quantities to support the growth of weeds. A geotextile liner at the surface would provide a very

good barrier to weed development. However, the cost for material and installation would likely

be substantial and the liner would be subject to damage. If the liner were buried, the wicking

problem would still occur and weeds would still have to be removed.

Water Depth

Water depth in surface flow (SF) constructed wetland treatment systems affects the growth,

survival, and reproduction of plants, the detention time, the ability of oxygen to diffuse from the

atmosphere into the water, and the composition of the microbial community. Typical operational

water depths in SF constructed wetland treatment systems range from about 15 to 60 cm (0.5 to
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• 2 feet). When combined with high organic loadings, greater depths provide poor root oxygenation

.and poor plant growth. Water depth in SF systems should be adjusted to optimize plant growth,

especially during start-up, as 10ng as treatment goals are being accomplished. Outlet structures

should be designed to permit water depths ranging from zero up to the maximum design depth

(Knight et al., 1995). Gates with weirs can be used to control the depth of water at the Santan

facility with the typical operational depth above the planting media being 15 to 30 cm (0.5 to ~

foot).

Bed depth of subsurface flow (SSP) constructed wetland is typically the most important
•

factor in system cost. The Water Pollution Control Federation (1990) recommends a bed depth

•
of 30 to 90 cm (1 to 3 feet). European designers who have applied this technology to hundreds

of systems (Cooper, 1990) recommend a bed depth of about 60 cm (2 feet). Green and Upton's

(1994) estimate of a bed width requirement of about 0.4 m per m3/d of flow for tertiary treatment

is based on a bed depth of 60 cm (2 feet) and the use of 5 to 10 mm (0.2 to 0.4 inches) gravel

with a bed slope less than 5 percent and a steady state hydraulic conductivity of 1X 10-3 mls.

Recommended bed widths for secondary treatment of settled wastewater are wider at 0.85 to 2 m

per m3/d (Cooper, 1990).

Soils/Substrate

Surface flow or free water systems usually use on-site soils as a substrate for plant growth.

A constructed wetland can be built on almost any soil type and on gravel, but preferred soils are

loarns and sands because of the ability of plants to develop extensive root systems and to propagate

through rhizome development. Loamy soils are advantageous because of their fertility and

• texture. Clays may have excellent fertility, but their texture hinders root penetration and diffusion
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•

• of oxygen and other gases to and from the roots. Preferred wetland construction includes from

15 to 30 cm (0.5 to 1 foot) of loamy or sandy topsoil within the wetland to provide an adequate

substrate for the rooting of wetland plants (Knight et ai., 1995). Suitable topsoil (medium to

sandy textured) should be used for a FWS at the Santan facility.

Substrate conditions are much more critical to the design of SSF wetlands than they are

to SF systems. Subsurface flow wetlands have been constructed with substrates ranging from

coarse sands to pea gravels with diameters of less than 1 cm (0.4 inch) to large rocks (up to 10

to 15 cm [4 to 6 inches] in diameter). Excessive fines associated with SSF substrate can result in

hydraulic failure and should be avoided. Media permeability must be determined to permit

appropriate design. Ifpermeability is not determined correctly or the design is inadequate, surface

flows will result. Gravel should be used at the Santan facility if an SSF system is desired. The

gravel should be about 2.5 cm (1 inch) in diameter. This same gravel should be used as the

planting media if the "hybrid" system is chosen.

Liner Requirements

Underlying soil permeability must be considered in the design of a constructed wetland.

The most desirable soil permeability is less than 10-6 to 10-7 mls (0.14 to 0.014 inches/hr). Lining

is sometimes needed to decrease soil permeability and thus reduce seepage losses through the

bottom of the wetland. Lining can consist of installing artificial materials, such as a

geomembrane, or placing a layer of less permeable soils in the bottom of the wetland. Mechanical

compaction of existing or imported soils can also be effective in creating a less permeable barrier

to seepage.

•
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•

achieved by installation of monitoring wells or the use of neutron probe monitoring or some

combination of these two techniques.

High length-to-width ratios are useful to minimize short-circuiting. However, Knight et

al. (1995) recommend ratios of 1: 1 to 2: 1 because of the increased cost of construction resulting

from increasing the ratio of berm to volume to treatment area. They also recommend the use of

deep zones or low parallel berms to help reduce short circuiting. Their suggestions on design did

not address the issue of maintaining access for the control of mosquitoes.
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• The cost for a constructed surface flow wetland is about $32,600/ha ($13,200/ac), while

subsurface flow systems are about $350,OOO/ha ($141,OOO/ac) (Knight et al., 1995)..

•

•
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• v. PLANT MATERIALS OPTIONS

Although a wide variety of aquatic plants have been planted in constructed wetlands, the

most commonly used plants in free water surface constructed wetlands for wastewater treatment

are.Typha sp. (cattail), Scirpus sp. (bulrush), and Phragmites australis (common reed). Less

commonly used are Juncus sp. (rushes) and Carex sp. (sedges). The three major species spread

rapidly, provide large surface areas for microbial attachment, and have high potential for pollutant·

removal that is well-documented. Cattail and bulrush species are commonly used in free water

surface wetlands in the United States while common reed is used most in Europe.

Species of bulrush have the greatest wildlife habitat potential. However, three-square

bulrush has been observed as possibly impeding the free movement of Gambusia, thus creating

• enhanced conditions for mosquitoes. Cattail provide somewhat lower habitat value, while

common reed has little habitat value. The Arizona Guidance Manual (Knight et aI., 1995)

provides an extensive listing of other Arizona plant species with potential for use in constructed

wetlands (Appendix A). Most of these plants would be difficult to obtain and little, if any,

documentation exist on the suitability and effectiveness of these other species for water quality

improvement. Below is a discussion of pros and cons of the major plant genera as presented in

Reed et ai. (1995):

•

Cattail: Typical varieties: Typha angustifoiia, narrow-leaf cattail; T. latifoiia, broad-leaf
cattail. Distribution: worldwide. Optimum pH: 4-10. Salinity tolerance: narrow leaf, 15
30 ppt; broad leaf, < 1 ppt. Growth: rapid, via rhizomes, spreads laterally, dense cover
in < 1 yr with plant spacing 0.6 m (2 ft). Relatively shallow root penetration in gravel
~0.3 m (1 ft). Annual yield: ~30 (dw) mt/ha (14 tons/ac). Tissue: (dw basis) ~45% C,
14% N; 2% P; 30% solids. Habitat values: seeds and roots a food source for water birds,
muskrat, nutria, and beaver; nesting cover for birds. Hydroperiod: can be permanently
inundated >0.3 m (1 ft), can also tolerate drought. Commonly used on many FWS and
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•

•

SF wetlands in the United States. The relatively shallow root penetration is not desirable
. for SF systems without adjustment in design depth of the bed. (page 179)

Bulrush: Typical varieties: Scirpus aeutus, hardstem bulrush, common tule; S. cypemius,
wool grass; S. fluviatilis, river bulrush; S. robustus, alkali bulrush; S. validus, soft-stem
bulrush; S. lacustris, bulrush. Distribution: worldwide. Optimum pH: 4-9. Salinity
tolerance: hardstem, wool grass, river, soft stem:' 0-5 ppt, alkali, Olney's, 25 ppt.
Growth: alkali bulrush, wool grass, river bulrush moderate, dense cover in 1 yr with plant
spacing 0.3 m (1 ft); all others moderate to rapid, dense cover in 1 yr with plant spacing
0.3-0.6 m (1-2 ft). Deep root penetration in gravel ==0.6 m (2 ft). Annual yield: ==20 (dw)
mtlha (9 tons/ac). Tissue: (dw basis) == 18% N; 2% P; 30% solids. Habitat values: seeds
and rhizomes a food source for many water birds, muskrat, nutria, and fish; nesting area
for fish when inundated. Hydroperiod: can be permanently inundated, hardstem up to 1
m (3 ft), most others 0.15-0.3 m (0.5-1 ft), some can tolerate drought conditions.
Commonly used on many SF constructed wetlands in the United States. (page 179)

Reeds: Typical varieties: Phragmites australis, common reed, wild reed. Distribution:
worldwide. Optimum pH: 2-8. Salinity tolerance: <45 ppt. Growth: very rapid, via
rhizomes, lateral spread == 1 rn/yr (3 ftlyr), very dense cover in 1 yr with plants spaced at
0.6 m (2 ft). Deep root penetration in gravel ==0.4 m (1.5 ft). Annual yield: -40 (dw)
mt/ha (18 tons/ac). Tissue: (dw basis) ==45% C, 20% N; 2% P; 40% solids. Habitat
values: low food value for most birds and animals, some value as nesting cover for birds
and animals. Hydroperiod: can be permanently inundated, up to == 1 m (3 ft), also very
drought resistant. Considered by some to be an invasive pest species in natural wetlands
in the United States. Very successful utilization at constructed wastewater treatment
wetlands in the United States. The dominant species used for this purpose in Europe.
Because of its low food value, this species is not subject to the damage caused by muskrat
and nutria that has occurred in constructed wetlands supporting other plant species. (pages
179-180)

Rushes: Typical varieties: Juncus articulatus, jointed rush; J. balticus, Baltic rush; J.
ejJusus, soft rush. Distribution: worldwide. Optimum pH: 5-7.5. Salinity tolerance: 0
<25 ppt depending on type. Growth: very slow, via rhizomes, lateral spread <0.1 m/yr
«0.3 ftlyr), dense cover in 1 yr with plants spaced at 0.15 m (0.5 ft). Annual yield: ,50
(dw) mtlha (45 tons/ac). Tissue: (dw basis) ==15% N; 2% P; 50% solids. Habitat values:
food for many bird species, roots food for muskrat. Hydroperiod: some types can sustain
permanent inundation up to <0.3 m (1 ft), prefers dry-down periods. Other plants better
suited as the major species for wastewater wetlands; rushes are well suited as a peripheral
planting for habitat enhancement. (page 180)

Sedges. Typical varieties: Carex aqUa/iUs, water sedge; C. lacustris, lake sedge; C.
stricata, tussock sedge. Distribution: worldwide. Optimum pH: 5-7.5. Salinity
tolerance: <0.5 ppt. Growth: moderate to slow, via rhizomes, lateral spread <0.15 m/yr
(0.5 ftlyr), dense cover in 1 yr with plants spaced at 0.15 m (0.5 ft). -Annual yield: <5
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•

•

(dw) mt/ha «4 tons/ac). Tissue: (dw basis) :::: 1% N; 0.1 % P; 50% solids. Habitat
values: food source for numerous birds and moose. Hydroperiod: some types can sustain
.permanent inundation, others need a dry-down period. Other plants are better suited as
the major species for wastewater wetlands; sedges are well suited as a peripheral planting
for habitat enhancement. (page 180)

Floating Species: The species most likely to occur incidentally in FWS wetlands are
Lemna sp. (duckweed). The presence of duckweed on the water surface of a wetland can
be both beneficial and detrimental. Tpe benefit occurs because the growth of algae is
suppressed; the detrimental effect is the reduction in transfer of atmospheric oxygen at the
water surface because of the duckweed mat. The growth rate of this plant is very rapid,
and the annual yield can be 20 (dw) mt/ha (18 tons/ac) or more. The tissue composition
is: (dw basis) =6 N, =2% P; 5% solids. Salinity tolerance: <0.5 ppt. Habitat values:
food source for ducks and other water birds, muskrat, and beaver. The presence of
duckweed on FWS wetlands cannot be prevented, since the plant also tolerates partial
shade. Open-water zones in FWS wetlands should be large enough so that wind action can
periodically break up and move any duckweed mat to permit desirable reaeration. The
decomposition of the unplanned duckweed may also impose an unexpected seasonal
nitrogen load on the system. (page 181)

A key to successful plant establishment of the species noted above is the propagation of

these plants from good rhizomes or seedlings. In addition, it is critical that these be planted

between April and September, with spring planting times significantly superior to fall. After

planting, the plants must be kept in wet soil without deep flooding (usually 5 to 15 cm [2 to 6

inches]). If the small propagules are inundated too deeply, they will not develop.

Plant materials typically come in a variety of forms:

• container-grown plants

• wild-harvested material

• existing facilities

• bare root stock

• seed

Typically prices for plant materials are:
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•

• • Herbaceous species, bare root: $0.35 to $0.70

• Woody species: $0.40 (15 cm [-6 inches]) to $41.00 (3 m [10 foot])

Container-grown materials offer several advantages over other plant materials:

• Minimal transplant shock because the root system remains intact

• Better growth rate because the entire plant remains intact

• Greater flexibility in planting time because the plant undergoes minimal shock

Note that on a per acre basis, the cost for plants is from $2,000 to $5,000 per acre depending'on

the species of plant materials used, the method of planting, time of year, and performance

guarantee requirements.

Recommended plant spacing for bulrush, cattail, and common reed is typically 1 m (3 feet)

between transplants, whether they be root balls or rhizomes. Operational water depth is typically

15 to 30 cm (6 to 12 inches). Deep zones 2 m (6 feet) in depth can be used to help mix the flow

within the individual cells. These zones, if they are perpendicular to the flow of long and narrow

ponds, can also provide access as well as habitat for Gambusia and thus facilitate mosquito

control. These deep areas need to be greater in width than the emergent vegetation or > 6 m (18

feet).

•

No full-scale system has been built to use submerged aquatic plants (Etnier and Guterstam,

1997) and there are little data for designing systems based on submerged plants as a major

component of the system (Etnier and Guterstam, 1997; Reed et al., 1995). Species studied for

these systems include: pennywort (Hydrocotyle umbellata) (the most commonly studied plant),

pondweed (Potamogeton amplifolius), water-milfoil' (Myriophyllwn heterophyllam), hornwort

(Certophyllum demersum), and fanwort (Cabomba caroliniana). Guntenspergen, et al. (1989)
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• reported that Egeria densa, Elodea nuttalii and Myriophyllum aquaticum were tested for use in

constructed wetlands.

The following submergent species are found in Arizona (Knight et al., 1995):

Common Name

Arrow-head
Florned-pondweed

Flornwort
Naiad

Pondweed
Pondweed

Water buttercup
Water-milfoil
Water-weed

Scientific Name

Sagittaria cuneata
Zannichellia palustris

Ceratophyllum demersum
Najas maritima

Potamogeton crispus
Potamogeton joliosus
Ranunculus aquatilus

Myriophyllum sibiricum
Elodea canadensis

• Submergent plants listed for use at the Sweetwater Wetlands in Tucson were Potamageton spp.

and Ceratophyllum spp.

Currently, plants adaptations to their environment as well as their effects on water quality

are only beginning to be understood. Submerged plants only grow well in oxygenated water and

so their use in wastewater with a high organic content likely would be limited. Nevertheless,

some submergent species likely would do well in various zones of the deep areas of the "hybrid"

and traditional systems. The most likely candidates are unknown. It is suggested that the

availability of plant material as listed above from local sources used as the determining criteria

for species selection.

Some potential wetland plant species are regulated as noxious weeds. None of the

recommended species are found on the list as of the date of this report. Appendix B contains a

• listing of the noxious weeds and noxious weed regulations.
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•

Plant materials and information may be obtained from:

Western Sods Arid Adapted Revegetation
P.O. Box 10610
Casa Grande Arizona 85230
Mobile Phone: (602)320-1232
Phoenix phone: (602)268-8811 or 1-800-832-8873
Fax: (602)836-2146

Aquatic and Wetland Nurseries
9999 Weld County Road 25
Fort Lupton~ Colorado 80621
Phone: (303)857-6157
Fax: (303)857-2455
- OR -
P.O. Box 82
Avondale~ Arizona 85323
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• VI. MOSQUITOES

Introduction

In North. America north of Mexico, there are now known to be 171 species of mosquitoes.

These insects are important because they are not only pests, but also they are vectors for diseases

such as eastern encephalitis, 81. Louis encephalitis, dengue fever, malaria, and filariasis (Darsie,

1997).

Mosquito Production

Mosquito species of Arizona occupy an array of habitats and environmental conditions.

Habitats for larval mosquitoes include lake edges, ponds, ditches, bogs, swamps, marshes,

•

•

springs, snowmelt pools, rock pools, slow reaches of streams, floodwater or overflow depressions,

tree holes, and containers (e.g., artificial containers such as rain barrels, cans,and tires) (Laird,

1988). The major requirement for mosquito larval development is standing water, the duration

of which can be as little as one week. Food and protective cover are also critical. The high

, '

reproductive rate of the mosquito can rapidly bring about nuisance levels (Tennessen, 1993).

Mosquitoes are common in natural wetlands, so their presence in constructed wetlands is

to be expected. The availability of standing water, high nutrient levels, and plant cover in

constructed wetlands offers an ideal medium for larval growth. Anaerobic, bacteria-laden water

has been found to be attractive to ovipositing females (Gerhard, 1959; Rockett, 1987). The

potential for mosquito problems in nutrient-enriched constructed wetlands and the annoyance and

vector capabilities of some species require consideration of alternatives for mosquito control early

in the design and operation process.
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• In Arizona around the tum of the century, many wetland areas that provided suitable

aquatic habitats for a variety of mosquito species were eliminated. This occurred as rivers and

streams were driven underground by excessive pumping of groundwater. However, with the rapid

growth of population in recent years, many ponds, lakes and other areas suitable as mosquito

habitat are being created.

The diversion of stormwater can both dump pollutants into riparian systems and also

greatly diminish the amount of stormwater that enters recharge areas for replenishing the

groundwater. To alleviate these water quality and supply problems, various types of stormwater

detention/retention areas are being incorporated into new commercial and residential

developments. Some established developments also are retrofitted with stormwater retention and

detention systems. The widespread use of these stormwater systems also may lead to increased

mosquito production unless adequate precautions are taken (O'Meara and Purcell, 1993).

In Arizona, detention ponds for holding stormwater runoffs usually do not produce

mosquitoes in sufficient numbers to cause major problems because they rapidly dry out. A similar

type of invasion can occur in detention ponds that receive both stormwater and wastewater. Wide

fluctuations in water levels, especially when they are frequent events, may make the detention

system a suitable habitat for floodwater mosquitoes. Floating and rooted aquatic plants may foster

the growth of some populations of mosquitoes (O'Meara and Purcell, 1993).

Although stormwater entering retention systems is supposed to percolate into the ground

within 72 hours, retention areas often remain wet for longer periods. Floodwater mosquitoes are

normally the first to appear in retention areas. Later in the rainy season, it is not uncommon to

•
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•

• find Culex spp., especially if grass cuttings have been accumulating in these areas (O'Meara and

Purcell, 1993).

Overall, abundant populations of pest and disease-vectoring mosquitoes are much more

frequently associated with retention systems than they are with detention systems. Moreover, it

is much easier to achieve long-term mosquito abatement in detention areas. Retention systems,

however, are much more effective for improving water quality than are mere detention systems.

Therefore, water management experts Often recommend the installation of retention systems for

new developments.

In Arizona, an additional consideration in regard to mosquitoes and constructed wetlands

is the possibility that the presence of the dense vegetation itself in the wetland cells will act as an

attractant for adult mosquitoes. Thus, even if the development of larvae is controlled by design

and/or application of larvicidal agents, there could be some additional adult mosquitoes in and

around the wetland.

Control Considerations

Local mosquito control programs should be actively involved.in the planning and approval

stages for all new stormwater management schemes. If retention areas are placed at these sites,

then a dual retention/detention system might be the best approach for both stormwater

management and mosquito abatement. With proper design and construction, excess water in the

retention part of the system can be sent to the detention pond, thus reducing the chances for

mosquito production (O'Meara and Purcell, 1993).

•
32



be removed from retention areas. Long-term responsibilities for proper maintenance of retention

areas should be clearly stipulated (O'Meara and Purcell, 1993).

Once a retention system has been installed at an inappropriate location (e.g., on a site

where the water table is too close to the surface), not much can be done to change the situation

witho~t .eliminating the system,. Under these conditions, x:nosquitoes must be controlled with

larvicide. For a larvicide operation to be effective, it must be supported with a quality inspection

program. The widespread occurrence of potential mosquito breeding sites in retention areas

greatly increases the costs and man-power needs of inspection programs. Perhaps, through

educational programs directed at the general public, we could generate more service requests for

the control of mosquito larvae and fewer for adult mosquito control (O'Meara and Purcell, 1993).

• Detention ponds should receive only stormwater. Banks on detention ponds should be

steep, but not too steep to hinder mowing and other maintenance activities. Deeper ponds are

preferable to shallow ones (O'Meara and Purcell, 1993).

Weed control around ponds is important and proper maintenance procedures should be

followed to prevent possible mosquito breeding areas. The presence of a mechanical aerator, such

as a fountain in'the middle of the pond, often makes the site more visually attractive, deters the

growth of unwanted vegetation, and makes the habitat more suitable for fish (O'Meara and

Purcell, 1993).

The bottoms of retention areas should be free of depressions where water might accumulate

and remain for periods sufficient to allow mosquito production. Mowing and other maintenance

operations should be done without producing ruts. Grass cuttings and other types of debris should•

•
33



•

• The mosquito problems generated by various types of detention/retention systems, their

solutions and control costs, should not be neglected when local governments are in the process of

creating stormwater utilities. I:Iowever, these items probably will receive adequate attention only

if representatives of the local mosquito control district actively participate in the design phase

(O'Meara and Purcell, 1993).

The abundance of organic matter and the presence of high populations of microorganisms

found in a constructed wetland appears to be a factor impacting mosquito population densities.

Higher population densities of mosquitoes appear to be present in constructed wetlands compared

to natural wetlands (Tennessen, 1993). The species found in greatest abundance is the genus

Culex. They are called "filth breeders" because they are known to be attracted to the presence

of high levels of organic material in wastewater (O'Meara and Evans, 1983). Culex ssp. will do

well in high-quality treated-effluent or in stormwater if the water is present for an extended period

of time.

In areas controlled by the Tennessee Valley Authority, a level of 0.25 larvae per dipper

sample near human residences usually results in a request to apply adulticide (Tennessen, 1993).

The presence of high populations of Gambusia affinis (mosquito fish) as well as invertebrate

predators did not remove the problem with mosquitoes in studies conducted in Kentucky

(Tennessen, 1993).

Some problems with controlling mosquitoes in a constructed wetland can be readily

overcome during the initial engineering of the system. Narrow paths between cells should be

widened to facilitate movement around the cells. These would permit better access around cells

• so that mowing or other heavy equipment could control tall weeds that tend to deflect application
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• materials from backpack blowers. Large cells tend to be more difficult to treat, thus increasing

costs. Slug injection of insecticide would probably save effort, but it would require that dispersal

of the material be adequate and reasonably uniform (Tennessen, 1993).

There is also potential for breeding "nuisance mosquitoes" in large numbers. "Floodwater

mosquitoes, " which include species in the genera Psorophora and Aedes, breed in areas where the

ground is periodically flooded and re-flooded. Even though these mosquitoes are not disease

vectors, they can be an annoyance to residents by virtue of their large numbers. The "arid

wetland" cells will receive water periodically (up to 10 cm [4 inches] deep) to maintain soil

saturation. The periodic soaking of soil may create large populations of floodwater mosquitoes

as is known to occur in many desert areas.

•

•

The construction of a typical wetland will likely create habitat for "permanent water

breeding mosquitoes" such as Culex andAnopheles species. These permanent water mosquitoes

prefer breeding in shallow water with emergent vegetation that will be abundant through out any

surface wetland. Culex mosquitoes, especially Culex tarsalis, is a known vector for mosquito

borne encephalitis viruses, including St. Louis encephalitis (SLE) and western equine encephalitis

(WEE). Both of these viruses may be pathogenic to humans, and WEE is also pathogenic to

horses. Both of these viruses have been isolated in mosquitoes collected in Maricopa County in

past years (Table 1). A wetland will also attract birds to the area, and many birds serve as carriers

of encephalitis virus and thus provide the source of virus to local mosquito populations. The

proximity of these systems to development increases the public health concern (Levy, 1994).

. With these concerns in mind, it is necessary to incorporate an effective mosquito

surveillance and control program into the plan. Some of the mosquito prevention options include
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Table 1. Maricopa County Mosquito Species.

Species Vector Capability" Other

Anopheles franciscanus

Aedes dorsalis
Aedes nigromaculis

Aedes vexans CE, EEE, WEE Dog heartworm

Culexpeus
Culex quinquejasciatus SLE, WEE

Culex tarsalis CE, SLE, WEE
Culex thriambus

Culiseta incidens
Culiseta inomata JBE, SLE, WEE

Psorophora conjinnit
Psorophora signipennis

a CE: California group En:ephalitis
JBE: . Japanese B En:ephalitis
EEE: Eastern Equine En:ephalitis
SLE: St. Louis En:ephalitis
WEE: Western Equine En:ephalitis

b These species lay their eggs on the grourxl. The eggs can lie donnant for months or years and hatch readily in the
presen:e of water.

Sources:
1. G.A. Moshiri (ed.), Construaed Wetlands for Water Quality Improvement. Lewis Publishers, Boca Raton, Florida.

1993. p. 598.
2. T. G. Engethaler, Maricopa County Vector Control, Written communication. Phoenix, Arizona. 1995.
3. R. Matheson, A Handbook of the Mosquitoes of North America. Charles C. Thomas Publisher, Springfield,

lllinois. 1929. p. 34.
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• modifying the habitat to prevent successful breeding, such as creating steeper banks, deeper water,

and/or faster water flow or movement, etc. However, since these modifications would adversely

affect the primary function of the project to treat wastewater, these alternatives are not an option

(Levy, 1994).

•

•

Another option is to introduce natural controls into the habitat such as mosquito-eating fish,

but the use of fish alone in the wetland/cells would not be sufficient to prevent all mosquito

breeding. Successful mosquito control using fish is contingent upon (1) introducing an effective

larvivore such as mosquito fish (Gambusia affinis), and (2) that the fish have easy access to the

mosquito larvae. In the Tres Rios wetland/cells, the presence of emergent vegetation has reduced

or denied accessability of fish to many isolated pockets of mosquito larvae. Also, the plan is

contradictory in that it calls for introducing Gambusia into the wetland/cells, but also suggests

using only native Arizona species. Gambusia ajjinis is not only an introduced species, but it tends

to out-eompete native Arizona fish such as top-minnow and pup fish. Unfortunately, using native

fish species for mosquito control, such as pup fish or top minnow, is even less effective than

Gambusia d~e to differences in feeding habits among the species. This does not preclude the

introduction of fish (native or non-native) into the cells. It only suggests that fish alone will not

control the mosquito problem (Levy, 1994).

The best (if not only) option/strategy to address the mosquito issue is to incorporate a plan

that involves regular monitoring and control of mosquito breeding. Mosquito breeding should be

checked weekly (preferably) by conducting "larval dipping surveys" and following up with

application of an appropriate larvicide where breeding is found. A pupaecide, Altosid@, was used

in Arcata, California, to control mosquitoes (Rogers, 1997). Altosid@ is a sustained release
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• mosquito growth regulator that prevents adult mosquito emergence. This product is manufactured

by Zoecon Corporation, Dallas, Texas. Altosid@ should be not be applied to known fish habitat.

Another option is 5 percent Skeeter Abate@, an insecticide that is used for control of

mosquito and midge larvae. This material is manufactured by Clarke Mosquito Control Products,

Inc., Roselle, Illinois (1-800-323-5727). Skeeter Abate@ can be toxic to birds, fish and other

aquatic organisms. However, when applied at labeled rates, it has been shown not to affect non

target species and is approved for use in drinking water.

Larvicides with BTl (Bacillus thuringiensis israeliensis) are both effective and selective in

killing mosquito larvae without affecting other aquatic invertebrates. BTl comes in granule,

pellet, and liquid formulations. The granules and pellets can be applied s~fely and easily without

expensive equipment. Other larvicide options are also available including growth regulators and

mosquito larviciding oils. Whatever control measures are used, efficacy of larvicide treatments

should be checked with post-treatment dipping surveys (Levy, 1994).

A recently developed alternative, Bacillus sphaericus (BS), has been produced by Abbott

laboratories and is being tested in the metropolitan Phoenix area.

Developing an efficient and effective larviciding program will be easier and cheaper than

developing a mosquito adulticiding program. However, an effective larviciding program is

contingent upon (1) having access to mosquito breeding areas, (2) having staff and time available

to conduct surveys and apply larvicides, and (3) having a budget for purchasing pesticide. The

large area involved may require one half-time employee and sufficient larvicide to treat up to 16

acres every two weeks. The dense growth of vegetation such as cattail and bulrush may eventually

•
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• hamper mosquito surveillance and control efforts, so measures should also be taken to maintain

accessability to shallow water environments (Levy, 1994).

Various other agents, such as Malathion and Pyrethrins, are available for control of adult

mosquitoes. According to Clarke, Mosquito Control Products, Inc., Dursbanilil (ultra low

volume), an adulticide, has been used successfully and is one of the least toxic organophosphates.

These products, however, would not eliminate the potential breeding within the wetland cells.

Dursbanilil also has been used as a prehatch preventative for mosquito larVae in detention basins

(Melvin, 1998).

The public health and nuisance concerns associated with mosquito breeding are important

•

•

issues, and they must be addressed (Levy, 1994).

For information regarding mosquitoes, contact

Arizona Department of Health Services
Disease Prevention Services
Vector-borne and Zoortic Disease Section
3815 North Black Canyon Highway
Phoenix Arizona 85015
(602)230-5918 or (602)230-5919

Department of Environmental Services
Division of Field Services
Office of Vector Control
4707 East Washington
Phoenix Arizona 85034
(602)273-0895
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• VII. RECOMMENDATIONS

Wetland Design

Three options are presented for the Santan facility and each of these is briefly discussed

as to the pros and cons of the particular design option. It is recommended that two of the three

design options be used at the site with the understanding that one of the systems might have to be

rebuilt. If the final decision is not to build two different wetlands, then the first option listed

below is suggested.

The recommended option is to create a "hybrid system" that will have the desired surface

flow wetland appearance with the potential mosquito control ability of a subsurface flow wetland.

This system would typically be operated as a surface flow wetland with water 15 to 30 cm (6 to

12 inches) above the gravel surface (Figure 1) with the side slope as regular and steeply sloping

as possible. Planting beds would be about 30 m (100 feet) in width and alternating deep zones

would be about 13 m (40 feet) in width; If mosquito larvae. become a problem, water levels

would be reduced to approximately 5 to 10 cm (2 to 4 inches) below the surface level of the gravel

media. This lower water level should eliminate areas of exposed water covered by dense

vegetation and thus prime mosquito breeding habitat also would be eliminated. Treatment would

still occur as water flowed through the planted gravel beds placed on the ridges of the wetland

beds. Gambusia would retreat to deep water zones and mosquito larvae should be vulnerable in

the open water of the deep zones. If clogging occurs in the gravel or more flow is required, water

flow through pipes or another water conveyance set in the ridges along alternating sides of the

wetland planting beds could be controlled with a valve or other flow device. Water would move

• from compartment to compartment, maintaining flow throughout the system. Again, this design
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• Figure 1. "Hybrid" Free Water Surface/Subsurface Flow Wetland System.
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• would provide the appearance of a surface flow system with the potential benefit of maximum

ability to control the development of mosquito larvae, although at a somewhat diminished

treatment capacity. This system is currently under development and study at the Constructed

Ecosystems Research Facility in Tucson.

The second option is to construct a typical surface flow wetland with three deep zones

placed at intervals of about 50 m (150 feet) with smaller open areas at the influent and effluent

points. The shallow emergent zones would operate at 15 to 30 cm (6 to 12 inches) of water depth.

The deep zones would be about 25 m (75 feet) in width and 1 to 1.5 m (4 to 6 feet) in depth set

•

•

perpendicular to the water flow. This option is more traditional and would provide maximum

treatment. However, it is also the most likely to create the biggest mosquito breeding control

problem.

The third option is to build an "arid wetland". This system is completely experimental in

concept and design. It would provide the most creative option for the possible use of wetlands

in the drier areas of Arizona where there is little if any supplemental water available to maintain

a more traditional wetland system. In this option, plant species used would be those native to

cienegas in the deserts ~f south central Arizona (see Plant section above for suggested species).

Mosquito control is an unexplored issue although the ability to dry out the system should decrease

concern about CuleX spp. Floodwater mosquitoes are a possible concern although the use of

Dursban@ as a prehatch treatment might address this issue. This option, however, would preclude

the possibility of storing significant amounts of water within the wetland cells during particularly

wet periods since the plant species within the "arid wetland" could not withstand long periods of

deep water (30 cm [12 inches]) .
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• Plants

•

•

Emergent plants for the "hybrid" and surface flow wetland options should consist of the

following species: Scirpus validus (soft-stem bulrush), Phragmites australis (common reed) and

Typha domingensis (cattail). It is suggested that common reed be the predominant species in both

the typical surface and "hybrid" systems. This is an agressive species that has been used

extensively for constructed wetlands, especially in Europe. Although common reed is not

considered a noxious weed in Arizona and is found growing in Maricopa County, it could escape.

Cattail could be used in place of common reed if there were concerns about its escaping. Cattail

likely will enter the system without being purposely planted. The use of another species such as

soft-stem bulrush would provide diversity to the plant community. As noted previously, little is

known about submergent species for the deep zones. It is recommended, therefore, that potential .

suppliers be asked about availability and planting recommendations for species listed previously

in the section on plants.

Soil

In the "hybrid" system, plants will be placed in 2.5 cm (1 inch) gravel. The gravel depth

would be 61 cm (2 feet). In the traditional wetland, it is recommended that a medium to sandy

textured soil be used.

Mosquito Control

Gambusia should be added to the system in both the "hybrid" and traditional options.

Gambusia will not be appropriate for the "arid wetland". For the "arid wetland", mosquito

control would be similar to other detention/retention ponds currently operated by Arizona

Department of Transportation.
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• MonitoringlResearch

Monitoring of water quality should be conducted to establish and document the

effectiveness of the system option(s) chosen for implementation. Water samples should be taken

at least monthly and as required by storm events (Table 2).

Routine Maintenance

Routine maintenance and operational activities should include the following:

1. Inspection for proper operation of all pumps and outflow gates as well as for appropriate water

levels within the system [daily]

2. Removal or application of weed control agents for salt cedar, tumbleweed and other

undesirable plant species [weekly during the growing season]

3. Mosquito larvae monitoring by dipping [weekly during the growing season (primarily during

March through November)]

4. Application of larvicides to the wetland system [weekly.or as needed during the growing

season]

•

5. Cleaning of trash and debris [monthly]

6. Inspection of embankments and structural integrity for signs of erosion or animal habitation;

check fencing and other equipment and structures [monthly]

7. Repairs to system components [as required]

Active and aggressive control of water weeds and undesirable plant species is vital. Every

effort should be made to eradicate all salt cedar plants as soon as observed by physical removal,

including the roots. Use a preemergent herbicide for control of most other weeds. However, if.

preemergent herbicide application is unsuccessful in stopping weed growth, other weeds growing
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Table 2. Monitoring Parameters, Sampling Points and Suggested Frequency.

Parameter Points Suggested Minimum Frequency

Flow* Inflow and Outflow Daily

Water Stage* In Each Cell Daily

Biochemical Oxygen Demand (BOD5) Inflow and Outflow Monthly/Following Each Event

Dissolved Organic Carbon (DOC) Inflow and Outflow Monthly/Following Each Event

Biodegradable Dissolved Organic Inflow and Outflow Monthly/Following Each Event
Carbon (BDOC)

Total Suspended Solids (TSS) Inflow and Outflow Monthly/Following Each Event

pH Inflow and Outflow Monthly/Following Each Event

Dissolved Oxygen (DO) Inflow and Outflow Monthly/Following Each Event

Temperature Inflow and Outflow Monthly/Following Each Event

Conductivity Inflow and Outflow Monthly/Following Each Event

Nitrogen Species Inflow and Outflow Monthly/Following Each Event

Total Phosphorous Inflow and Outflow Monthly/Following Each Event

Chloride Inflow and Outflow Monthly/Following Each Event

Sulfate Inflow and Outflow Monthly/Following Each Event

Total and Fecal Coliform Inflow and Outflow Monthly/Following Each Event

Selected parasites and Inflow and Outflow Monthly/Following Each Event
other microbial pathogens

Selected metals and other parameters Inflow and Outflow After Major Storm Events

* Equipment is available for remote monitoring of this parameter and for some of the other suggested parameters.

Safety and health concerns during sample collection are dependent on the types of contaminants in the
stormwater. Metals and phosphorus, for instance, require caution in handling. They are skin irritants.
Protection should be worn when handling contaminants like fecal coliform. Proper personal proteCtion
equipment is, therefore, recommended whenever water samples are collected.
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• along the banks also should be physically removed or killed while still small by the careful

application of Roundup@.

Harvesting of the plant biomass within the wetland cells is not an annual routine

maintenance item. When needed, burning· is the easiest method to use. However, air quality

problems within the Valley will likely preclude this option under most circumstances. Therefore,

mechanical harvesting may be occasionally required. However, data on this do not exist and it

is suggested that harvesting not be conducted as a routine maintenance activity.

It is estimated that about 20 hoursper week would be required to operate and maintain the

wetland system, and collect water samples. Typically, one individual could carry out these

activities although additional assistance would be required periodically. It also might be beneficial

to have 2 employees work as a team for a shorter period of time.

•

•
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APPENDIX A

Selected Arizona Wetland and Riparian Plants



• • •
Table A. Selected Arizona Wetland and Riparian Plants.-

Common Name Growth Forml Hydrologic Geographic Frequency of

and Species Habit Regime Soil/Substrate Range Elevation Occurrence Comments

Alder TRJSII HY SUCO CP/CH 5000·7500 FR Often forms tall closed-canopy riparian

(Alllus ob/ollgifo/ia)

woodland but also fomls thickels along kss

stable watercourses checking erosion; A.
tenuifolia occurs at higher elevations
(7500-9500') in Arizona

Annual rush AN HY/ME CLISA.T DR <3000 FR The only arumal rush, often very abwldanl

(JUllellS bufonius)

over large areas

Ariwna walnut TR IIY/ME SUCD CII 4000·6000 FR l.arge dedduous tree fonning shady glOvcs

(Jug/ails major)

along streams and on flood plains; suspectcd
of releasing allelopalhogens into Ihe soil;
seedlings available through Ihe Arizona Siale
Land Department

Arrow-grass PE HY NP CP 6000·7000 IN Rushlike perelmial of wet soil; T. marilima

(Trig/oehill eoncinna)

also occurs in Arizona

Arrow-head EM/SU IIYISE-AQ elISA CP/CII/BR <7000 IN Leafy perelmial spreading hy rhizon1l"'. ill wei

(Sagiuaria elllleala)

soil; leaves submerged when water is pn.:sent;
similar spedes of Arizona include S.
graminea, S, latifolia, S. longiloba, and S,
greggii

Arrow-weed PE IIY CLISA·T DR <4000 FR Similar 10 seep-willow (Uacchuris silliciloliil)

(Tessaria serieea)

in habit and belongs to me same fanlily;
flowers pale lavender; often placed within Ihc
genus Pluchca

Awlla FL AQ N/A CII/BR 2000·4000 IN Clones of smallleilves often cover large

(Azalia ji/ieu/oides)·

surface areas; technically a fern bUI similar in
habit to the flowering plant Lemna (duck·
weed)

Belony PE IIY/ME SUCO CII/BR <8000 FR Very attractive perennial with dark green

(Staehys eoccillea)

leaves and bright red flowers; easily
propagated; available from local nUiSCI ies

Bulrush EMIPE SE/lIY NP CP/CH/BR 2500·9000 FR Spreads by thick rhizomes fonning dCllse

(Scirpus aeutllS)

tule-like masses of dark green lerete slcms
genel1llly ca. 2m tall (up to 5m); easily
propagated by rhizomes; similar species or
commonly-used synonyms include S.
califomicus « 3500') and S. validus
(2500-9000'); S. pallidus «9000), S.
americanus « 6000'), and S. olneyi «
7000,) have three·edged stems

(iNVII001698U.DOC
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Table A. (Continued)

COOlmon Name Growth Form/ Hydrologic GeographIc Frequency or
and Species Habit Regime SoU/Substrate Range Elevation Occurrence Comments

Hand.ome shrub to 2.5m lall with large
leaves: prefers wei soil along slreams

lilbit .imilar 10 sedge., gene.-lIy < Im tall

Easily established, fasl growing perermial
sJn&ding by rhizomes fonning extensive
thickets (tules) in shallow « ca. tm) water
or mud: vel)' important waterfowl habitat;
.eeds arc wind- disperses en masse; shools
abOve ground die back each year

Bulrush EMJPB SE/lIY Nt> CHlBR <5000 IN

(Sci,."II.t pailldosus]

Billion·bush SII HY/ME SI/SA CIII8R <5000 IN

It"f!l'halmlllrlls occidenlal;s'

Callail EMJPE SE/lIY NP CP/CH/BR <4000 FR

(Typlra dom;/lge/ls;s'

Callail EMJPE SE/lIY NP CIfI8R 3500·7500 IN

(1)'P'1tl lalifolia'

Colwnbine PE IIY/ME SI/SA CP/CHlBR >3000 FR

(Aqlliltg;a clrrysanllra'

Vel)' similar to T. dominguensi. but occurs
gene.-lIy at higher elevations within Arizona

Large showy bright green leaves alld yellow
Dowers; .hade tolerant; Jhizomes easily
divided and t.-nsplanted; thill istbe most
common and widespread .pecles but several
olhers occur in Arizona

Collonwood
(Popllius angllsli{olia'

TR IlY!ME NP CP/CH 5000·7000 FR More simil.r ill appearance 10 some willows
(Salix) than to P. fremontii; P. aeuminala is a
species morpholocally intennediale between
P. angu.tifolia and P. fremolltii

Collollwood
(I'ol'"llIs f,.emontii,

TR HY NP CHlBR <6000 FR Common and abundan( deciduou. tree wich a
large canopy: fruit wind·dispened en masse

Coyote willow
(St/lix exigua)

SII IIY SIICO CP/CHIBR <9500 FR Deciduous shrub spreading by IIlizomcs
fonning Cltensive tule-like are" along
pereMlaI waterway.; easily propqaled rrom
shoot. of the prevlou. year

Duckweed
(Lem/la g;bba'

FL AQ N/A CP/ClfI8R <7000 FR Often covers large surfaces of srill or .Iow
moving waler: easily 19nsplanted by casting
a few live individuals; grows rapidly; an
important species for waterfowl; allhough
other species of Ihe genus occur ill Arizona.
this is the most conunon and easily
recognized; L. minor is also common

<JNV/lOOI6981l.W1'5·2
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Table A. (Continued)

Common Name Growth Forml Hydrologic Geographic Frequency or
and Species Habit Regime Soil/Substrate Range Elevation Occurrence Comments

Flal-sedge PE HYiME SI/SA CP/CH/8R 3000-7000 FR One of the more common ofca. 2S species of
(CypertlS niger) the genus that occur in Arizona; similar in

habit to the tme sedge (Carcx) but not as
important in tenns of bank stabilization

Godding willow SlIffR HY Sileo CH/BR <7000 FR Common and abundant, often lalEe
(Salix gooddi"gii) deciduous tree of Arizona's middle and lower

elevationl; ealily propagated from Items ca.
I" in diameter

Ileliou,!>pc PE lIYiME CL/SA-VT ClI/8R <5000 FR A low dalic. green succulent with small while
(llelio/ropium eurassavieum) Dowen: oflen abundant but not usually dense

lIierba-mansa PH SE/ME SIISA-T ClI/8R 2000-5000 IN Often forms thick masses in wet saline soil;
(Allemopsis califomiea) frequently-used folk medicine

lIomed-pondweed SU AQ N/A CP/CII/8R <8000 IN TIle thin bright green grass-like leaves ohcn
(ulllnichellia palrls/ris) occur in abundance near the lurface of ponds

and slow-moving waterways

lIomWOrl SU AQ N/A CP/ClI/8R 2000-6500 IN FomlS laJge masses under the surface of
(Cera/ophyllum demerslUn) morionleu or slow-moving water; restricls

swimming and boaltravel

1I0netaii EMIPE SE/HY SI/SA CP/CH 4000-8000 FR Spreads by dlizomes in wet and moisl soils,
(Equise/um laeviga/um) often covering extensive areas; E. hiemaleis

another common species which occun in
Arizona

Knot grass PH IIY SIISA CII/8R <4000 FR Forms extensive sloloniferous masses along
(I'aspalwn dis/ielnun) Slream banks and in other areas of moist soil

Knolweed EMIPE SE NP CP 5000-9000 FR Oflen fOiros large masses in shallow wolcr;
(Polygollum amphibillm) Ihe infloresenccs alll tinged pink and

conspicuous in full Dower

Knotweed PH lIY NP ClI 8500-1100 FR See P. fusiforme
(Po/ygollllln bis/or/oides)

Knolweed EMIPE SH NP CP/CH/8R 2500-7000 IN Similar 10 P. amphibium in habit bUI OCCOII>

(I'o/ygollllln coedl/ellm) also allower elevations ill Arizona

Knulweed PE BY CllSA CII/8R <4500 FR One of several species of knolweed Ihalullen
(l'o/ygollilm fusiforme) occur in abundance on wet soil; see also 1'_

penicaria and P. bistot\oides

ONV/IOOI698B.WP5-3
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1be mosl oommon and abundanl of Ihe
Arizona Iobelias; oflen I .ignifiWlI elemenl
of Ibo non along waler couneI: Rowen
briah& red and mowy: rhflJlllMtnI conn.
aft' _ily IlWIspllIlled

Lup .luub or amalltree with very showy
eluaten of white to violet I1owen: lalle
prickles deler pedestrian mobility: sprudJ by
Ibizomes fOllllin,lalJe thidteu; very fast
IlOwinl and rhizomes easily t...splned

FR

FR

3000-1S00

4000-BSOO

CPIOfIBR

CPICHNP

CUSAIIY

HYIMI!slim

PE

Coulmon Name Growth Forml Hydrologic GeOlraphlc Frequency of
and Species lIabll ....... SoWSubltnlte a... Elnallon Oea..... CoauIlenl5

Knolwecd PH IIY NP CP ~000-1000 FR See P. bl(OIIl1e

(1'olygmlllln pasicariaJ

I.ocusl
(Robi"ia "tomtxicanaJ

Lobelia
(Lobtlia cardi/ltl/isJ

Table A. (Con:,:tl::D:U::::;:ed:l> _

Manna Jill"
(Gl)'cuiil borta/isJ

Monkey·flower
(MimI/1m cardinalis'

PE

PI!

IIY

SE/HY

eLISA

SI/CO

CP

CPICHIBR

lS00·9000

2000-8S00

FR

IN

A1aI1,rac:elul 8wS; Ihree additional species
occur In Ari2JOlll

An aIlradive perennial wilh bright OlNlge·
red fIowerr, flCd"ert seqJI; similar10 M.
elSlwoodiae, • stolonifelOUsspecie.

Mookey-flower
(MimI/flu ,"trar,"'

PI! SE/HY SIISA CPICIIIBR <9S00 FR Ubiquitous in wet 1011; spreadin& by
mizomes and slolons: large and showy when
in or near perennial w..er, fIowen yellow:
aevaal oIbet IpCdea ofyeIIowlllllMq
Rower occur In A.hlOlla

Naiad SU AQ NIA DR <4000 IN

(NlIjru maritimaJ

Nellie IIV IlY elISA CPICHIBR <9000 IN Fasl-growin8 leafy perennial Ipfeading by

(Ilttira gr'acilis'

rhizome.: herbage wilh slinging h.in

PIinl-bIUsh AN IIV SIISA CPICIIIBR 3000-1S00 IN A thin IIUIUIIlo c:a. 1m tall: lop of Item hal

(Cilstil/I'jil mi"or'

compkuout red bnd. when nowering

Panic grass PH IIYIMI! eLISA CIIIBR 3000·6000 FR Spread. by .Iolon.; [mrers moisl sandy

(l)ic/mlltl,tlillln o/i,osalltlltS'

banks

PewerwOlI A. AQ N/A CPICHIBR lSOO-1000 IN The .Ilradive clover-like leaves of Ihis

(Milrsilta \'ntitaJ

aqUalie fern often cover IlIJe lUfftal .rea.
on .till or slow-movinJ w"er

GNV/IOOI6980,WrS·4



(jNV/lOOI698B.WI'S·S



• • •
Table A. (Continued)

CUllllllon Name Growth Form/ Hydrologic Geographic Frequency of

and Species Habit Regime Soil/Substrate Range Elevation Occurrence Comments

Salt glass PH IIY/ME CL/SA-Vf CP/CIt/BR <7000 FR This cOIJUnon sod-forming grnss oflen OC('lIl~

(Dis/iell/is spica/a)

singularly in saline soils

Sedge PE IIY SI/SA CP/CII >3000 FR Forms grass-like masses in wet meadows and

(Carex praegracilis)

along shallow waterways; an excellent soil
stabilizer

Scdge PH ItY SI/SA CP/CH/BR >2000 FR One of Ihe mosl cOllUnon and elegant of the

(Carex sellla)

sedges; ils rools, dJizomes and siems arc vcry
dense and are therefore useful for bank
stabilization; ca. SO species of Carex occur in
Arizona and many are similar in habit and
habitat preference to C. senta.

Sedge PE HY SI/SA CP >8000 FR A common scdge of higher elevations

(("arex sicea/a)

Seep-willow SII HY/ME SVCO CH/BR <5000 FR Oflen fonning dense thickets 2-3m tall; nol a

(Dacclraris salicifolia)

true willow but similar to coyote. willow
(Salix exidua) but evergreen and 1Il0re
drought-tolerant; relcasca myriads of wind-
born seeds in fall; often referred to as B.
glulinosa

Spike-rush EMIPE SEIlIY CL/SA-T CP/CH/BR <8000 IN Although severnl species of spikerush occur

IE/eoelraris macros/aell)'a}

in Arizona, this species is the mosl frequenl
and abundant

Spike·rush EMIPE SEIlIY CL/SA-T CP/CH/BR <8000 IN One of the most salt-tolerant of Ibe spike.

(Eleoclwris ros/el/a/a)

rushes

Sycamore TR ItY NP CIII8R 2000-6000 FR Large deciduous tree with white trunks; o(tcn

(/'la/all/if II'rig"'ii)

forming closed canopy riparian woodlands

Toad·nax AN IIY/ME SI/SA CH/BR ISOO·SOOO IN Tan RlIDunl wilh dark blue flowers

(Lil/mia texana)

Triodanis AN HY/ME CL/SI CP/CHI8R <1500 IN In wet soil of warmer climates grows lall (Cll.

(1'liodallis perfolia/a)

1m) with showy purple flowers

Velvet ash TR HY/ME SVCO CP/CH/BR 2000·1000 FR A common and abundRllt deciduous tree

(FmxillllS velutilla)

along inlenniuent and perclUlial slreRllls
especially in Ih.: mid-elevations of Arizona;
morphologically variable; seedlings available
through the Arizona Stale Land Departmcnt

<;NV/IOOI698B.WPS-6
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Table A. (Continued!

COOlmon Name Growlb Forml Hydrologic Geographic Frequency of
and Species Habit Regime SoUlSubitrate Ruae Elevation OccurreDu Comments

WatCfbird TRlSH HYIME NP CP 1000-8000 IN Primarily al\lUmsicio Iree with smooth,
(Belula lonlinalu) IlollY. red-brown balk

Water WlleraJp SU AQ NP O"ICH 4500-9000 fit FolnU delicate masses of thin leaves and
(Ranllnculus aqualilus) stems in shaDow slow-movinl or slill waler;

fIowel'l while, erne/lenl: R. drdnRlus Is a
similar Arizona species

WaterluPno PI! HY SI/SA en S000-6000 IN Leafy perennial often forminclarge muses
(Lupinus latifolim) 10 I.Sm tall alone waterways; nowen Ja/le

but noc colorful; conunon only in lhe l'tescoll
an:a; L.lalifolius Vir. leucanlhus islhc f/Om
found in Arizona and ilis often referred to as
L. parishii

Water speedwell EMJPE SElIIY NP CP/CWBR <1000 f1l Forms leafy, often eXlensivo. palch.:s alollg
(Veronica ana,allu-aqualica) perennial stlQm banks; V. .meric....a « .

95(0) is a similar Arizona species..

Waler-milloil SU/Fl AQ N/A CPICH 5000-9000 IN folnU maases of fealbery vegelalioll 011 and
(MyriophyllwlI sibiricwlI) below the surface of lIiII or slow- movine

waler, M. braslliense Is also known f/Om
Arizona

Waler-pimpernel PH SP.JHY NP CHJ8R <SOOO IN An aUrlctive PCJClllJial for ils lhin sreen
(Samolus val,rattdi' leaves; ofrcnloc:ally "'dInc 110nl

pen:nnil1strams

WatCf-pllllllain EM sa elISA CPICH 4000-8000 FR Similar to A. subcordalum
(Alisma plallla,o-aqualica)

Waler-plantain EM sa elISA CP/CII SOOO-7000 fR Fibrous roolS,leaves mosdy emoned, blades
(Alisma subcordalum) broadly ovalo,leaves oc:c:asionally noaling,

nowering in summer

Water-weed PUSU AQ N/A CP/CII 4000-8000 IN forms masses on and below lhe surfaa: 01
(Elodea canadeluiJ) .till or .Iow-moving waler

Willuw TR HY SueD CP/CH/BR 2000-~OOO FR Large deciduous shrub Oillee; easily
(Salix laevigala) plOpIgelcd from gn:cn shOOlS ca.•" ill

diameter; similar Arizona species include ~.

lasiolepis (4000-1500) and S. bonplandiena
(S000-65OO)

ONV/I001698B.WP5-7
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Table A. (ContlD~)

• •
"This table illustrates the diversity of native plants that can be used In wetlands constnJctedfor wastewater treatment. This list Includes species, such as callaillhat have long
been associated with weiland wastewater treatment systems and other plants whose efficiency for wastewater trealment have not been demonslnded. Included with this. list
ale fleur-ral infonnation regarding the geographic dislribution within the state, frequency of occurance, typical hydrologic regime. soil preference. and elevational range. nle
availability in nurseries of these and other wethmd plants not listed can not be quarantced. Durlnglhe carly planning phases of a constructed wetland project. after funding
lind constntction schedules are known. It would be prudent 10 contract-grow In advance lhose plants thaI will nol be collecled from wild populallons. '

(Growth Fomvllabia =SllJub. TRee. PErennial beIb. ANnual. Vino. SVbmellall. EMm0l1a11. FLo.1inc: T,pcal H1dro1oaic R.eaUne =AQuatic. SEmi-aquatic.HYdav~~ Soil PmeRl\ClO" CLef,Slk.
SAlld. GRa,eI. cOWer No Pld'ORIICO(Wbllbowalhe or I pen IJICdes 1t1laducW.. llIIOII6cru rollowl: NotToIcAd. ModenICIIr T VcqT....); 0 'S Illab!le.I.a....CellI....
IIlBhlUlds, Colorado PI.lealI8Ie"don RlIlIe at reporteIf In fed MSL Prequency or~ IN.....Papa......) .INr.....nequent.r a """ "111)

GNV/IOOI698D.WP5-1
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APPENDIXB

Noxious Weed Regulations and Noxious Weed Lists



• facsilllile
T RAN S MIT T A L _

To:

Fax#:
Re:
Date:

Paoea:

Martin Karpicak
University ofArizona
520/621-3816

Noxious Weed Regulations and Noxious Weed Lists
June 1, 1998

1

•

Attached you will find copies of the Two NoxiousWeed Regulationscurrently on the books.
Thcao oro cnforood by tho Ari:!:on:l Dep:.utment of Agriculture. The Agency aiso enforces
the Federal Noxious Weed Act of 1974.

Lismd below iira those aquatic or .emiaquatic plant species n?Ol.llmp.rt Imrtp.r thp. State's
noxious weed ~gul~1iQn~:

Catergory: Regulated Noxious Weeds
rleatiPl!l Wntor I-(ynointh ~ohhomio OfODcipor

Catergory: Prohibited Noxious Weeds
AIIJgatorweed - Altemantherea philozeroides
Anchored Waterhyacinth - Eichhomia azurea
Aquatic Mominggtory - Ipomoea aquatica
Hydrllla - Hydrflla vertlclliata
Purple Loesestrife - Lythmm 90/;ooriQ
Torpedo Grass - Panicum repens
Water~chestnut - Trapa natans

'Mlen I faxed you the Noxious Weed RegUlations earlier today I neglected to include
Purple Loosestrife in the iiboV8 list of regulatiid
aquaticweeds. I apologizefor any inconveniencethis
may have caused. FROM:

•

Thank you,

~

Everett L Hall
NoXious Weed Program Manager
Arizona Department ofAgriculture

1688 West Adams street
F'hoenlx. Arizona A~007

6021542-3309
Fax:602l542~999
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State of Arizona
Noxious Weed Regulations

Regulation R3·4-244 "Regulated and ReStricted Noxious Weeds"
Regulation R3·4..245 JlProhlbited Noxious Weeds"

Plant Services Division
Arizona Department of Agriculture

August1996
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Definitions

Exotic Organism:

A plant or animal that is.N.OT native (indigenous) to the region, area or locale in which it
occurs. It can be introduced intentionally or unintentionally.

Weed:

A plant that is competitive, persistent and pernicious. It interferes with human activities
and as a result is UNDESmABLE}

Noxious Weed:

A weed SPECIFIED BY LAW OR REGULATION for being particularly undesirable,
destructive and difficult to control.z

1. Ross. Merrill and C<JI"Ole '" t.emOl YApptled weed S~c.".Minneapolis: eurgess Publishing CQmpany. 340IlP· 1lI~.

1985.

2. Carlfo~Weed Con1erenCl! "PrfnclJ)les 01 Weed Cont1C1 in <::Ilffcml::l". EI Macero. CA:. Thomson publications.

474pp. Il!UL 19a5.
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Categories ofNoxious Weeds

Regulated Noxious weeds

RegulatedN0'ti~usWeeds are those exotic plantspecies which are MLL ESTABLISHEDAND
GENERALLY 'DISTRIBUTED in Arizona. These plants are r~ognized to have undesirable
characteristics and economic/environmental significance as to justify regulation under certain"
circwnstances.

Restricted Noxious weeds

Restricted Noxious Weeds are those exotic plant species having noxious characteristics and are of
economic and/or environmental significance. They OCCUR in Arizona in isolated infestations or
very low populations.

Prohibited Noxious Weeds

Prohibited Noxious Weeds are those exotic plant species with known undesirable qualities of
economic and/or environmental significance. The plants ARE NOT KNOWN TO OCCUR in
Arizona.



•
Noxious Weed Regulations

Changes in Noxious Weed Listings

After July 1998

R3-4-245 "Prohibited Noxious Weeds"

Removed from regUlation completely:
Kikuyugrass (Pennisetum c/andestinum)

Added as a Prohibited Noxious Weed:
Tropical Soda-apple (Solanum viarom)

R3-4-244 "Restricted Noxious Weeds and Regulated Noxious Weeds

Moved from Restricted Noxious Weed Category and placed in Regulated Noxious

Weed Category:
Floating Waterhyacinth (Eichhomia crass;pes)

• After September 1998

R3-4-244 "Restricted Noxious Weeds and Regulated Noxious Weeds"

Added as a Restricted Noxious Weed:
Sweet Resinbush (Euryops subcamosus subsp. vulgaris)

•
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SEcrION
R3.4-244.
R3.4-245.

ARIZONA DEPARTMENT OF AGRICULTURE
CHAl'TER 4. PLANT SERVICES DIVISION .

ARTICLE 2. QUARANrINE
Regulated:md Restricted Noxious Weeds
Prohibited Noxious Weeds

•

•

R3-4-244•. RegulAted aad Restricted Nonous Weeds
A. Definitions. In ndditioc to the definitions provided in A.R.S. § 3-201, the following sballllpply to this rule:

1. "Infested area" me:ms each individual contniner in which the.pcst is found or the specific area which
hl1rbors the pest.

2. "Regulated pest" me:ms :my of the following plnnt species, including viable pll1Ilt parts (stolons,
rbizomcs, cuttings nrul seed. except llgriculturnL vegemble ond om:unentnl seed for planting purposes).
which are regulated noxious weedS:
ll. Cenchrus echinarus L. - Southem sandbur
b. Cenclzru.r fncerrus M.A. CW"tis - Field sandbur
e. CJnlolvulus arvensis L. - Field bindweed
d. Med/cago ¥ .. 2ld' poiymorpha 1... - Burclover
Co Portulaca oleracea 1. - Common purslane
f. Tribulus terreslris L. - Punctutevine

3. "Restricted pest" mc:ms any of the: following plant specics, including villble plnnt parts (stolons,
rhi:zomes, cuttings and seed, except ngricultur:ll, vegeroble and ornamental seed for plnnting purposes),
whicb are restricted noxious weeds:
a. Acroptilon repens (L.) DC••- Russi:m knnpweed
b. Aegilops cylindrica Host. -Jointed goatgrass
c. Alhagipseuda/hagi (Bieb.) Desv. - C:unelthom
d. Cardaria draba (L.) Desv. -- Globed-podded honry cress (Whitetop)
e.· Centaurea difjiua L. -.Difli.tsc knapwced
f. Centaurea maculo~'a 1. -- Spotted knnpwecd
g. Cenraurea so13rlrialis L. - Yellow stnrthistle CSt. Barnaby's thistle)
11. Cuscuta spp. - Dodder .
1. EJchhomia crass/pes (M:art.) Solms - Flonting WlIterhyocinth
J. E/ytrigfa repens (1..) Nevski .;. Qunckgr.w
k. Halogeton glomeratus (M. Bieb.) C.A. Mey - Halogeton
I. Helianthus ciliaris DC. - TexilS blueweed
m. Ipomoea tnlaba L. - Three-lobed morning glory
n. linaria genisnfolia Vl1f. dalmanea - Dolmi1tion tondflnx
o. Onopordum acanthium L. - Scotch thistle

B. Area under qunmntine:: All infested are:lS within the state.
C. The following commodities are host! or cnrriers of the regulated or restricted pest:

1. All plnnts und plant parts ether than thos; <:Utcgorized as a regulated or restricted pest;
2. ,Forage, strllw nnd feed gmins;
3. Live and dead flower l1mIDgeIIlC1ts;

4. Om:m1cnau displays; il.lld
~
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5. A1.rt applinoc:. ccnsttuetion ordredging eqUipment, boat, bOllt trniler or related equipment, or my other
vehicle with soil :u:t:1ched or c:uTying plant debris.

D. The Depmtment may qW1r.lJltiac .my commodity or~ infested or contllminated with a regulated p=t and
notifY the owner or ClttIier or the restrictions and tre:1Qner1ts listed in subsections (F) and (G). Ifthe regulated
pest is not qtU1nlQtined, the DeplU'tment shall provide the grower wirh technicul infocmntion on effective weed
control activities through integrated pest mllrI:1gement

E. The Dep2lltment shnll qunnmtinc my commodity or lU'e:t infested or contmnin4ted with a restricted pest and
shall notirj the owner or co.rrier ofthe restrictions :md~ents of the pest listed in subsettions (F) and (G).

F. Restrictions.
1. No regulated or restricted pest or commodity infested or cantnmin:ued with 11 regulated or restricted pest

shall be moved to :1 non-infested ~e:1 unIess the Director issues a pennit for the triUlSporting or
proPllgilting ~fsuch pest.

2. The owner or the owner's representative sb1111 notify the Depl1rtment ttt lenst two working do.ys in
adynnce ofmoving cont:1min:lted equipmeDt from the infested l11'e:1.

3. The Dep!U'Unent m1lY inspect all equipment within two working dlly! after the request to inspect the
equipment i:; ml1de.

G. Trentments.
L The owner or the owner's representa.tivc sh1111 treat all soil :l11d debris from the equipment used in the

qu.arantin~ area to such 11 degree that it is free of the regujnt=d or restricted pest before the equipment
is mo~e& from the int'estcd area. Removal or destruction of the weed l1nd weed seed shall be
3cCQmpiished through one of the following methods:
a. Autoclavmg.

i. Dry he:lt. The conunodicy shnU be heated for 15 minutes at 212°F;
ii. Steam he:lt. The commodity shcll be hel1tcd far 15 minutes at 2 t2°F.

b. Fumigating with ethyle:= oxide, clumber only; The commodity shall be fumigated \";th 17500 mgIL
for four hours in a chnmber prc-he:tted to 11 S-12SGF.

c. High pressW'e water spr~y;

d.. Crushing;
e. Incinerating; or
f. Burying in a sanitnry lo.ndfill to a depth of si..... feet

2. The owner or the owner's representative shall tre:l.t the infested ~l1, including the ar~ within the crop,
nmgelmd, ditc:hbllDk, roadside, priV:lte property or body ofmlter, with tre:itments bnsed on an integrated
pest mnnagement program nppropril1te to the commodity. The trentments shull tili plnce Wlder the
direction ofan inspector llrId shaU include:
a. Reshipment from the St:lte;
b. Manual removal;
c. Application of It. herbicide;
d. Biological control including ins~ts, fungi, nematodes or microbes; or
e. AIty other treatment approved by the Director.

EFFEcrlVE July 10, 1995

R34-24S. Prohibited Noxious Weeds
A. Defu1ition. In addition to the definitions provided in A.R.S. § 3~20 1, the following shnll apply to this
. rule: .

1. "Infes~area" means cuch individUDll:ontotiner in which the pest is fOWld, the specific~ which

2
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harbers the pest, or 6U1y shipment which hils not been rci~ed to the reteiver :md. is found to be:
infested with a pest.

2. "Pest" mc:ms i1l1Y of the following pl:mt species. including vil1bie plant parts (stolons. rhb:omcs.
cuttings and seed, except l1griculturnl, vegetable nnd omnmentrl seed fcr plMting purposes). which
are prohibited noxious weeds:

a. Alternan/hera philo:reroides (Mart.) Griscb. - Alligator weed
b. Cardana chaJepensis (1.) Hand-Muu.- Lens podded hoary cress
c. Cardaria pubescens (C.A. Mey) Jnrmolenko -- Hairy whitetop
d. Carduus acanthoides L. - Plwneless thistle
e. Centaurea calcitrapa L. - Purple sWthistle
f. Centaurea iberica Trev. c:xSpreng. -Iberian sbrthisde
g. Centaurea sulphurea L. - Sicilinn stllr'thistle
h. Centaurea squarrosa WiUd. - SqulUTosc knapweed
1. Chondri/la juncea L. -- Rush skeletonweed
j. Cirsium arvense L. Seep. - C<U10011 thistle
k. Caronopus squamarus (Forskal) Aschcrson - Creeping Wl3ttcress (Coronopus)
I. Cucumis melo L. vnr. Dud:lim NllUdin - Dudnim melon (Que-..n Anne'~ melon)
m. Drymaria arenarioides H.B.X. -- AtrombriUa (Lightningweed)
n. Eichhornia azurea (SW) Kunth. - Anchored wllterbyl1cinth
o. EuphorQir/ esuJa L. -- Le:tfy spurge
p. Hydrilla verticil/ata ROy111c - Hydrilla (Florida-elodel1)
q. Ipomoea spp. - Morning glory. All species except Ipomoea camea. Mexicnn bush n:oming glory;

Ipomoea mloha, three-lobed morning glory (which is considered 11 rescicted pest); 31ld Ipomoea
aborescens. morning glory tree.

f. Isaris tinctoria L. - Dyers wond
s. Lythrum salicaria L. -- Purple loosestrife
t Nassel/a mchotoma (Nees.) Hack. -- Serrated tussock
u. Orobanche ramosa L. -- Br:mcbed broomrilpe
v. Panicum rtpens L. - Torpedo grass
w. Peganum hanna/a L.•- ADican rue (Syrian rue)
x. Penniserum clandestinum Hochst. ex. Chiov. - Kikuyu gross
y. Rorippa austriaca (Croncz.) BeSs.•- Austrinn fieldcress
z. Senecio jecohaea L. - Tansy rngwort
aa. Solanum carolinense L. -- Carolina horsenettle
bb. Sonchus arvensts L. - Perennial sowthistle
ce. Slipa brachychaete Codr. - Puna grass
deL Sfriga spp. - Witchweed
ce. Trapa natans L. - Water-chestnut

B. Aren under quurnntine: All states. districts:lOd territories of the United States except Arizona.
C. The following commodities <Ire hosts or cl11'1iers of the pest:

1. All plnnts nnd plant parts other thnn those categorized ;1.$ ll. pest;
2. FOr:1ge. struw i1!1d feed gnUns;
3. Live or dead flower m:mgements;
4. Omnmentnl displ:1YS; nnd
5. Any appliance, construction or dredging equipment, bOlle, bo~ trniler or reinted equipment, or nny

other vehicle with soil attachr:d or c;mying pllUlt debris.
D. The Depnrtment shtill quornntine :my commodity uuestcd or cont:uninnted with :1 pest:md sholl notifY

the owner or ,hrrier of the methods of removing the pest from the conunodlty. The Depllrtment s1mll

3
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icjed any shipment not rel=ed to the receiver nnd reship to the shipper.

E. Restrictions:1. No pest or commodity infested or ~ontmnini1ted with 0. pest sbnll be :1dmitted into the sUtte unless
the Director issues :1 permit for the transporting or propagating ofsuch pest.

1. The Dep<U1ment shnll regulate the movement of the commodity out of:1 qunrnntincd 4lI'ell within the
stntc until the pest is er:1dic:1ted. Any shipment or lot of a commodity infested or contmninnted
with a pest mlving in the stnte in viol:luon of this quanmtine shl1U. pursunnt to A.R.S. § 3-205(A).
be immediately reshipped from the stnte, or be tre:1ted or destroyed using one of the following

methods:a. Fumigating with ethylene oxide. chamber only. The COtnID.Odity shnll be: fuInignted with 1,500
mgIL for four hours in :1 chnmber pre.h=ted to 115·125°F;

b. Incinerut1ng;
c. Burying in 11 snnitnry landfill to :l depth of SL"( feet;
d. Application ofa herbicide; or
c. Any other treatment approved by the Director.

EFFEcnY'E July 10, 1995

4
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Arizona Noxious weeds
Alphabetical Listing of Botanical Names

Acroptilon repens - Asteraceae (R,I)1
Russian Knapweed - Sunflower Family

Aegilops cylindrica - Poaceae (R,I)
Jointed Goatgrass - Grass Family

A/hagi pseudalhagi • Fabaceae (R,ll
Camelthom ~ Legume Family

A/temanthera philoxeroides - Onagraceae (P,U)
Alligatorweed - Evening-primrose Family

Cardaria pubescens· Brassicaceae (P,U)
Hairy Whitetop - Mustard Family

Cardaria chalepensis • Brassicaceae (P,U)
Lens-podded Hoarycress - Mustard Family

Cardaria draba· Brassicaceae (R,I)
Globe-podded Hoarycress

Carduus acanthaides • Asteraceae (P,U)
Plumeless Thistle - Sunflower Family

Cenchrus incertus· Poaceae (G,N)
Southern Sandbur - Grass Family

Cenchrus echinatus· Poaceae (G,A)
Field Sandbur - Grass Family

Centaurea calc/traps. Asteraceae (P,U)
Purple Starthistle - Sunflower Family

Centaurea diffusa • Asteraceae (R,ll
Diffuse Knapweed - Sunflower Family

1. (G). Regulated Noxious Weeds (R). Restricted Noxious Weeds (P). Prohibited Noxious Weeds
U - Not known to occur in Arizona; 1 - Iatraduced into Arizona; N • Naturalized after being
introduced into Arizona; A - Native to Arizona.

Page 1
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Cenraurea iberica - Asteraceae (P,U)

Iberian Starthistle - Sunflower Family

.Centaurea macu/osa - Asteraceae (R,l)
Spotted Knapweed - Sunflower Family

Centaurea solstitialis - Asteraceae (R,I)
Yellow Starthistle - Sunflower Family

Centaurea squarrosa - Asteraceae (P,U)
Squarrose Knapweed - Sunflower Family

Centaurea sulphurea· Asteraceae (P,U)
Sicilian Starthistle - Sunflower Family

ChondriJIa juncea • Asteraceae (P,U)
Rush Sk.eletonweed - Sunflower Family

Cirsium arvense - Asteraceae (P,U)
Canada Thistle - Sunflower Family

Convolvulus arvensis - Convolvulaceae (G,N)
Field Bindweed - Morning Glory Family

• Coronopussquamatus - Brassicaceae (P,U)
Creeping Wartcress - Mustard Family

Cucumis melo var. dudaim - Cucurbitaceae (P,U)
Dudairn Melon - Cucurbit Family

Cuscuta spp. - Convolvulaceae (R,I.A)
Dodder - Morning Glory Family

Drymaria arenarioides - Caryophyllaceae (P,U)
Alfombrilla - Pink Family

Eichhomia azurea - Ponteridaceae (P,U)
Anchored Waterhyacinth - Pickerelweed Family

Eichhornia crassipes • Ponteridaceae (G,l)
Floating Waterhyacinth - Pickerelweed Family

Elytrigia repens - Poaceae (R,I)

•
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Branched Broomrape - Broomrape Family

Panicum repens • Poaceae (P,U)
Torpedo Grass - Grass Family

Peganum harmala - Zygophyllaceae (P,U)
African Rue - Caltrop Family

Pennisetum c/andestinum • Poaceae (P, U)
Kikuyu Grass - Grass Family

Portulaca o/eracea - Portulaceae (G,N)
Common Purslane - Portulaca Family

Rorippa austriaca· Brassicaceae (P,U)
Austrian Fieldcress - Mustard Family

Senecio jacobaea - Asteraceae (P,U)
Tansy Ragwort - Sunflower Family

Solanum carolinense - Solanaceae (P,U)
Carolina HorsenettJe - Nightshade Family

Sonchus arvensis • Asteraceae (P,U)
Perennial Sowthistle - Sunflower Family

Stipa brachychaefa· Poaceae (P,U)
Puna Grass - Grass Family

Striga spp•• Schrophulariaceae (P,U)
Witchweed - Figwoirt Family

Trapa natans - Trapaceae (P,U)
Water-chestnut - Water-chestnut Family

TribuJus ten'estris • Zygophyllaceae (G,N)
Puncture-vine - Caltrop Family
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April 3, 1997
(Text Only)
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To:

From:

Date:

Subject:

Joe Spadafino, ADOT
Don Rerick, FCDMC

Jerry Zovne

April 3, 1997

Technical Memorandum
Review of 30% Plans

Memorandum

SEVRDS/Santan Channel Design
ADOT Contract 97-16

•

•

The attached memorandum describes the modifications HDR is proposing to the 30% design of
the basin complex and outlet channels "A-2" and "A-3" as originally described in Initial
Drainage Report: Santan Freeway 56th Street to Price Road and Gila Drain Floodway to
Basin B, Wood-Patel & Associates, Inc., September 12, 1996 and Plan and Profile ofProposed
Santan Drainage Channel, DMJM Arizona, Inc., September, 1996. Familiarity with these
documents is assumed in this memorandum. The revisions apply only to the Phase I-Basin
Grading Project and to the Phase 2 design of basin structures and channel segments "A-2" and
"A-3". Channel segment "A-I" is not addressed in this document. Final Phase 1 plans were
submitted March 27, 1997.

The first part of the memorandum addresses revisions to the basin plan that were originally
proposed by HDR in our response to ADOT's RFP for this project. The changes deal primarily
with the hydraulics of routing flows ,into, through and out-of the basin complex. The HDR plan
preserves the original intent of the 30% design, but provides better control of inflow and bypass
flow. It also eliminates the need for the proposed screw pump lift station.

The second part of the memorandum deals with revisions to channel segments "A-2" Md "A-3".
Detailed HEC-l modeling of the basin complex resulted in a larger primary retention basin
(Basin B) and a greater outlet channel design flow than in the original plan. The HEC-RAS
hydraulic model was therefore rerun to verify the design of the outlet channel.

Other changes to the outlet channel design include the profile of channel under the SPRR track at
56th Street and relocation of the connector channel "A-2" to the west side of the Gila Drain.
Additional changes were made to minimize utility relocation and right-of-way requirements, as
detailed in the text. The revised 30% plans are included in the report.
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Southeast Valley Regional Drainage System

SANTAN CHANNEL PROJECT

Technical Memorandum

Review of 30% Plans

1. REVISIONS TO BASIN COMPLEX CONCEPTUAL PLAN

Attached Figure 1 is a conceptual plan for the layout of the basin complex. The basin complex
consists of the Equalization Basin that also serves as a sedimentation basin, Basin B that
provides primary detention/retention storage, and the Water Quality Basin that consists of two
treatment cells. The layout of the complex represents a significant change from the 30% plans,
although basic functions have not changed. The new layout preserves the function of the original
concept as developed in the Initial Drainage.Report-Santan Freeway September 12, 1997,
preparedby Wood-Patel & Associates and the 30% Plansfor the Santan Drainage Channel,
9/96, prepared by DMJM. The new layout improves the hydraulic routing through the basin and
provides for a significant improvement in the level of control of inflows to and outflows from the
basin complex.

In addition, the redesign accomplishes other objectives thatwere either proposed by HDR or
were decided in recent meetings, as follows:

1. The two long radius curved RCB' s s from the east and west branches of Channel A-I
have been changed to a single combined and straight 7-10'x7'(3m x 2.1 m) RCB
under the freeway to reduce cost.

2. A forebay channel at the inlet to the equalization and retention basins has been
provided to allow more precise control of the overflows to Basin B and to the outlet
channel. The overflow weir will have a constant overflow level along the weir, as
compared to a side-channel weir in the original plan.

3. The flow to the outlet channel will be controlled by a box culvert with inlet control, as
compared to simple normal depth channel flow control in the original plan. A 4
10'x4' (3 m x 1.3 m) RCB has been provided at the outlet from the forebay channel to
Connector Channel "A-2". This allows the head-flow rating to be established at this
location, and furthermore restricts outflow when water level exceeds the top of the
culvert. This in turn forces more water into Basin B for flows at or exceeding the
design flow condition.
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4. Channel "A-2" has been shifted to the west side of the Gila Drain in order to avoid
two siphons for the Gila Drain. This will require approximately 75 ft (23 m) ofnew
right-of-way (R/W) along the west side of the Gila Drain. It also frees up much
needed space for the basins on the available site. With the possible connection of
Gila Drain to the Pima-Maricopa Irrigation Project (P-MIP) pipeline, ADOT may
want to purchase the west half of the Gila Drain as well as the additional R/W for
channel "A-2". This would minimize R/W acquisition and possibly simplify
agreements between ADOT, SRP and GRIC.

5. The Equalization Basin will provide 27.6 acre-ft (34088 m3) storage below the
. Connector Channel overflow level. The volume is somewhat larger than the 25 acre
ft (30,800 m3) as specified in the original design.

6. The equalization basin will be gravity drained to the water quality basin, thus
eliminating the need for a screw pump as proposed in the original plan. The design
of the treatment system is in progress with the assistance ofDr. Karpiscak. The
recommendations will be included in the 60% submittal for the Phase 2.

7. Two cells have been provided in the water quality basin to allow two different
.vegetation types to be tested and to provide for back-up if one cell requires
maintenance. Dry wells have been determined to be not suitable in this area for storm
water recharge in this area and will not be used. There is perched groundwater at
about 60-ft depth and underlying permeable deposits are fully saturated. (See
Geotechnical Report"for Phase I by AGRA).

8. The outflow from the water quality basin will be directed to Basin B. Gates must be
provided on the water quality basin outlets to prevent back-flow when Basin B is full.
These will be operated manually, but may be equipped with an override to close when
.Basin B r:eaches a certain level. Likewise, the inflow from the equalization basin to
the water quality basin will be equipped with a manually-operated gate that will be
normally closed. However, should there be a failure to open or close any ofthese
gates during a major storm event, the only impact would be to flood the water quality
basin. The basin complex perimeter and dividing berms are all at the same level with
two feet(0.6m) freeboard above the 100-year level.

9. Equalization Basin retained volumes will be gravity drained at a low rate of flow to
either or both of the treatment cells. The treated storm water will then gravity drain
from the treatment cells to Basin B. The treated flows will be pumped by the low
flow pump (i. e. the "nuisance" flow pump) at the Kyrene station. Normally, this
pump would be sized for 8,000 gpm (0.5 cms) for freeway low flows. It may be
downsized to match the very low flows expected from the treatment cells, or a
second low-flow pump may be included for pumping efficiency. A benefit of this
plan is that the treated flows can be temporarily retained in Basin B and monitored for
water quality, rather than discharging by gravity directly to the outlet channel, as in
the original plan. If there is a problem, such as a spill on the freeway or a toxic spill
somewhere in the system, these can be retained in Basin B and disposed of properly.
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10. Basin B is a combination detention/retention basin. Inflows to the forebay channel
are initially directed to the Equalization Basin. When the Equalization Basin reaches
the level of the outlet culvert [ 4-10'x4'(3 m x 1.2 m) RCB] invert of 1151 ft (350.8
m), storm flows begin to bypass the basin complex. Near the 100-year design peak
inflow, the forebay will begin to spill over the 700-ft (213 m) long side weir into
Basin B. The side weir is set at elevation 1154 ft (351.7 m) whereas the Basin B high
water is at about elevation 1155ft (352.0 m). Therefore, the top one foot (0.3 m) of
Basin B storage flows back out on the receding limb and is detention storage, whereas
the volume stored below the weir is retention storage. The retained flows will be
drained to the Kyrene pump station and pumped to the outlet RCB as shown in Figure
1. This is a pressurized line so that it can be placed at minimal depth of cover. Size
ofthis line will depend upon the desired evacuation time and matching pump
characteristics to freeway on-site discharge requirements. Using two primary pumps
of 50 cfs (1.42 cms) capacity each ,will dewater Basin B in less than about 60 hours.

11. The Kyrene pump station that is presently included in the on-site drainage concept for
the Santan Freeway [i.e., a 200 cfs (5.67 cms) base station] will be moved to the basin
site as shown in Figure 1. It will continue to function primarily as a freeway on-site
pump station that will discharge to the Equalization Basin. The pump station will
normally be configured to operate as a freeway evacuation station. The station will be
modified to evacuate Basin B post-event, including treated water accumulations and
retained storm water, to Channel "A-2". Whether freeway and basin evacuation
functions can be shared requires additional study. Due to the need to protect the
freeway, the pump station maya require a separate wet well and additional pumps to
dewater Basin B. The recommended plan will be included in the 60% submittal.

Both the Basin B volume and the peak flow in the outlet channel are somewhat greater than
originally proposed. These are a function of the HEC-1 model inflow hydrograph and the
outflow and overflow ratings. We have attempted to optimize these while also making best use
of the site. The plan assures that the Equalization Basin will impound the first 25 acre-feet
(30,800 m3) "first flush" while bypassing as much flow as possible. At the same time the length
of the overflow weir and Basin B volume were minimized because they are the major cost items.
Also, the location of facilities for hydraulic routing was a factor. We worked with many
configurations to arrive at the one shown. We feel that this is a reasonably optimal
configuration both from a cost and operations standpoint.

The Phase I Basin Grading Projectplans include a perimeter fence, a 13 to 23 feet (4 to 7 m)
wide perimeter maintenance road, and 10ft (3 m) basin ramps. Primary access to the site is
anticipated to be from Kyrene Road. The fence along the eastbound Santan Freeway off-ramp is
set a minimum of32 feet (10m) from the edge of pavement to provide a minimum roadway
embankment clear zone.

The basin site is just adequate to accomplish everything that is required. By moving the outlet
channel to the west side of the Gila Drain, it was easier to keep the maximum depth of Basin B
within ADOT recommendations.
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Because of the proximity of the basin complex to the Santan Freeway, the grading plan will be a
constraint to any future changes in the horizontal and possibly the vertical alignment of the
freeway. The existing freeway plans shown in the attached drawing are HDR's original concept
plans from 1991 and 1992 that were soft-converted to metric. The 30% plans have not been
completed for this portion of the freeway and the original geometry is not necessarily consistent
with the new metric controls that were used for the Santan Channel project. However, the
original concept it is the best reference we have to work with at present and has been relied upon
to set the limits of the basin complex. Upgrading the freeway design to current standards and.
geometric controls is not within the scope of the Santan Channel project.

HEC-l Model Revisions

The HEC-I model for this project was provided by DMJWWood Patel who prepared the 30%
. plan submittal as ADOT's GEC. The model has actually not changed from the original prepared
by HDR for ADOT as part of the Price GEC and reported in Hydrology Study for Price
Expressway, Vols. I & II, Dec. 1989, and Gila Alternative Concept Drainage 'Report, February,
1993. Subsequently, the FCDMC utilized some of the back-up material generated for the
Hydrology Study to prepare the HEC-I model for the Gilbert-ChandlerADMS in 1993. Also,
the Gila River Indian Community has reviewed this model (Harry Millsaps). Price Freeway
Galveston-Frye interim project, now constructed, used this model as a basis for final design of
Basin G and the off-site drainage facilities in this corridor. These facilities connect to the Santan
Channel and therefore the precedent has been set for the continued use of the modeL The model
has thus been consistently used by all parties to the Southeast Valley Regional Drainage System.

Therefore, in designing the facilities for Phase 1,2, and 3 of the Santan Channel Project, HDR is
continuing to use this model as a basis. Some very minor revisions to the model were made in
the current work to size the basin complex. These included the routing of initial flows to the
Equalization Basin, and then determining the size of Basin B required to limit the flow to the
outlet Connector Channel "A-2". This required that rating curves be developed for the 4-10'xT
(3 m x 2.1 m) RCB outlet control to "A-2", and for the overflow weir. The computation for the
rating curves is attached, with notations.

The revised HEC-I model is also attached. The model was run numerous times to optimize
length of weir, basin size, and peak outflow to "A-2". Also, the overflow elevation at the ReB
outlet control and the weir level were adjusted to obtain desired results. These are firm, but yet
preliminary values. The design will be finalized by the 60% submittal. At this time only the
basin volumes were important for the Basin Grading Project. Phase II design details, such as the
configuration of the overflow weir(soil cement, concrete), and the size of inlet to equalization
basin will be established by the 60% submittaL
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The revised 30% Plan Sheets for the Connector Channel "A-2" and Outfall Channel "A-3" are
included, attached. The HEC-RAS model was revised to account for the higher design discharge
of900 cfs (25.5 cms). Other considerations in revising the HEC-RAS model and channel design
are as follows:

1. The tailwater elevation in the Gila Drain Floodway was raised nearly three feet (1 m).
The level corresponds with HDR's HEC-2 model for the Gila Drain Floodway, but
more importantly reflects the potential permanent high water level in the floodway,
should GRIC develop the floodway as a multi-use waterway in the future. This had a
very significant impact on the channel design from the Gila Drain Floodway to the
outlet ofl-l0 culvert. It raised the channel hydraulic grade line above the natural
ground line. This required a berm on the west SIde with two feet(0.6 m) of freeboard,
in turn requiring more R/W. The channel was placed as close as possible to the
freeway embankment to minimize R/W impact on GRIC land. The alignment is
shown on plan sheets 0.':'1.29 through D-1.32. Some other observations on these
sheets: i) At least four telecommunication lines are impacted for the length of the
channel and will likely require relocation. ii) The GRIC P-MIP pipeline will parallel·
the channel on the west side down to the Broadacres turn-out. Utility relocation and
R/W must be coordinated in this reach. iii) The potential to connect the City of
Phoenix 48th Street basin outlet channel must also be considered.

2. The slope of the culvert from the 1-10 undercrossing to 56th Street was significantly
impacted by the need to stay a least three feet (1 m) under the SPRR track on the east

. side of 56th Street. This did not allow the downsizing of the culvert so as to mitigate
some of the utility conflicts from 1-10 to 56 th Street, as originally planned. However,
lowering the entire profile of the box resulted in an even better opportunity to avoid
utility conflicts and reduce utility relocation costs. Lowering the channel box profile
allows the SRP Pecos Drain to be relocated on top of the culvert in the same/existing
corridor. There is just enough slope on the culvert to accomplish this without
increasing the size of the culvert as in the original 30% plan. Placing the Pecos Drain
on top of the box avoids other utility relocations in that corridor.

3. The slope of the channel reach from the 56th Street culvert inlet to the Gila Drain was
not significantly changed. However, the size of channel and freeboard was looked at
carefully to see if it was possible to avoid a conflict with the Chandler sanitary sewer
that parallels this segment. The original 30% design showed these to be in potential
conflict. The plan has been modified in that the channel is slightly smaller while
maintaining minimum one ft (0.3 m) freeboard, and the slope is slightly changed. If
Chandler and ADOT agree to utilizing a common maintenance access road on the
south side ofthe channel, the channel can be placed in the 75 ft.(23m) R/W that has
been proposed.
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4. The remaining channel reach along the Gila Drain from Pecos Road to the Santan
Freeway culvert is the relocated Connector Channel "A-2". It will require about 75
ft(23 m) RJW unless the Gila Drain west side maintenance access road can be shared
with ADOT. There is a Chandler sanitary sewer in this reach and it appears that
relocation can be avoided except possibly at the Santan Freeway crossing.

HEC-RAS MODEL

A copy of the HEC-RAS run is attached for reference. A "Channel Profile" spreadsheet is
included to assist in relating the HEC-RAS cross-sections to channel centerline stationing. A
"Freeboard Check" spreadsheet is also included. This was used to detepnine the full channel
cross-section, including the maintenance road and back slope catch-points for RJW requirements.
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APPENDIXF

Water Quality Protection Permit- Gila Floodway



DMJM
Daniel, Mann, Johnson, & Mendenhall

2777 E. Camelback, Suite 200 REGIONAL FREEWAY SYSTEM
Phoenix, Arizona 85016-4302

•

Telephone: 6021337-2777 ADOT GENERAL CONSULTANT
Fax: 6021337-2624 -

------------ltDHR~'--------
letter of transmittal

TO:

ATTENTION:

We Transmit:

Via:

For your:

The following:

REC.: liUN 0 5 1998
HDR Engineering DATE: 06104198
2141 -E. Highland, Suite 2~OJ:I?3 -Lf9'-c7¥y
Phoenix, AZ 85016 FILE'~'-' ~. 3076

DIST~~. 500.5.4,200.18,600
Jerry Zovne c.c : ').~

IZI herewith o ,under separate cover [2J as requested

o mail IZI messenger o federal express o fax

C8J use o review and comment I:8J information o record

o distribution o approval/acceptance D signature o other

o drawings o specifications o calculations D reporto copy of letter o shop drawing/product data o diskett,es o change order

D originals IZI other

Action codes:

Remarks·

A - Sign and return B -Forward as noted C - Resubmit o - Refer ton~marks b~loY'. .

If you need any additional information please call Bud Reyes at 337-2523.

• Copies to: Javier Guana, Steve Jimenez

Signed:_~"'~~.:.-.::..-::--7h~~__

Thomas M. Monchak

Project Manager

Note: If enclosures are not as noted, please inform the sender immediately.
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~: (520) 562-6010

WRTER QURLITY PLRNNING

Steve Jimenez
Assistant State Engineer
Valley Project Management Group. Mail Drop 614E
Arizona Department ofTransportation
205 South Seventeenth Avenue
Phoenix. AZ 85007-3213

~~GILA RIVER INDIAN COMMUNITY
~ ACATON, AZ 85247

C~,d4'Qe (jF 0/ i/u"
t;~~.et.q~

3/51J1Jed C3:v.:.a.,~ Raad
Pod rJlfc.e~ 97

" MAR-26-1998 11: 58

•

Re: Southeast Valley Regional Drainage System (SEVRDS) and Gila Floodway Permit

•
Dear Mr. Jimenez:

In order to implement the existing 1991 agreement between the Gila River Indian Community
(GRIC) and ADOT the GRlC Department of Environmental Quality has initiated a pennit
development process for the SEVRDS project as described in our April 25. 1997 letter to Dick
Perreault of the Maricopa County Flood Control District. Based on the latest information, we
believe this process now would best function in two steps: a Conditional Permit issued within the
next few months to allow constrUction of an outfall channel coincident with the Pima-Maricopa
Irrigation Project (P-MIP) crossing oflhe 1·10 Freeway and a Einal"p"emili issued after a more
comprehensive review of the ultimate project. Although we prefer to issue a single permit after
the necessary information is gathered, werecognize the need to keep the P-MIP and Freeway
projec~_onschedule.. Al?o, the Conditional Pennitwillfurtherd_eJi.p.~~e relati.ons~ip,pet'.V~en ~.

ADOT and the Community in anticipation of issuing a Final Permit for discharge of stormwater
to the Gila Floodway. As you know, the Tribal Council will make the final decision on permit
issuance. .

The attached Final Scope of Work (SOW) has been revis~d according to agreements reached at
our meeting on December 31.1997. The specific agreements and the location in the SOW of
those changes are as follows:

•
ADOT is only responsible for the quality of water discharged from SEVRDS to the Gila

Floodway. ADOT is not responsible for the quality of water from any other source
discharged to the Floodway (Page 2. Paragraph 4) .

The point-of-compliance for the SEVRDS outfall will be det.ermined by agreement between
ADOT and Gila River Indian Communiry (GRlC); this point-of-compliance will be above all
other discharges to the Gila Floadway (Page 2, Paragraph 4).

Page I of 4
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•

•

ADO"'f will provide funds for well installation and monitoring near the wetlands/detention
basins, and GRlC will be responsible for having wells installed and samples collected (Page
2. Paragraph 5).

The location of groundwater monitor wells at the wetlands/detention basins will be detennined
by scientitic and technical considerations. All parties must agree on locations before wells
are installed (page 2, Paragraph 5; Page 9, Task 6). .

The purpose of groundwater monitoring, conducted as part of the permit development process, is
to provide a baseline characterization of current groundwater quality (page 2, Paragraph 5;
Page 6, Bullet 4; Page 9, Task 6.0).

Historical aquifer contamination or contamination caused by activities unrelated to SEVRDS are
not the responsibility of Arizona Department ofTransportation (ADOT) (Page 2; Paragraph
5; Page 6, Bullet 4).

The SOW will only refer to the use of action levels; not Maximum Contaminant Levels or MCLs
(No reference to MCLs in the document; action levels referred to on Page 3).

In the event that the Final Pennit is not complete when stormwater discharges to the Gila
Floodway become necessary, the Conditional Pennit will allow for discharge to the
Floodway if ADOT and GRIC agree that construction is complete and that the wetland best
management practice is fully operational (Page 4, Paragraph 4). .

Other Final SOW changes of note include: (1) changes agreed to and noted in GRIe's December
3rd response to ADOT's comments to the original SOW were incorporated; (2) GRIC added some
language to emphasize that GRIC views this agreement as a document developed to implement
an agreement between MO governments; it was not developed to meet a state, tribe or federal
regulatory requirement (see top ofPage 4)~ and (3) the cost estimate was. modified to reflect the
cost fqr installing and rnonjtorhJ,g t;vlp .grQ1:l.Il4w~t~r.y.r~llsne~ theVletJ.ang~Lp.~~ep.~~~m 9~jf.1;S~.

Work on the Conditional Pennit can commence once the following items are received from
ADOT 1) receipt of the necessary technical information for the permit; 2) the permit application
fee; and 3) ADOT agreement to work toward development of a Final Permit. Detail of these
three items follows.

1. Compl.ete..Ie.chnica1 Information on the_SEYRD.s...£m~.ct

Additional information is needed to prepare the Pennits and ensure their accuracy. This
information includes, but may not be limited to, the following:

• 1.

2.

Design Memorandum for SEVRDS Storm Water Management (dated September
1996)
Current plan for design and construction of SEVRDS as described in a June 12,
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•
3.

1997 SEVRDS project meeting or updated as appropriate [e.g.~ 30% and 60%
design memoranda. wetlands designs report (Karpiscak. University of Arizona)].
Additional information on water quality which may assist us in preparing a Final
Permit such as:

•

•

Update ofaIlticipated values, if any. for quantity and quality of
constituents entering the Santan Channel from the SEVRDS' detention
and wetland treatment system.
Update ofanticipated values, if any, fot' stormwater quantity and quality
expected to flow to SEVRDS' detention and wetland treatment system;
and
Update on anticipated flow from SEVRDS system to the Gila Floodway.

•

The GRlC DEQ requires a Permit Application Fee from ADOT for the Conditional and Final
Permits. Attached is a Scope of Work and Cost Estimate for both permits.

3. ADOl agr:e.ement to work toward dey.elQ.pment..of.a.Final Permi~

GRIC needs a letter of commitment from ADOT which is signed by the State Engineer. The
letter should express that ADOT is committed to work with GRIC and its contractor, EcoPlan
Associates, on development of the Final Permit in a timely manner.

The Final Permit will supersede the Conditional Permit. We anticipate issuing the Final Permit
within two years of issuing the Conditional Permit. The Final Permit will be more
comprehensive than the Conditional Permit and is intended to protect surface and ground water
quality and water uses on GRlC lands.

We expect to complete the technical work and deliver to the Natural Resources Committee
(NRC) for discussion and approval a draft Memorandum ofAgreement (MOA) conta1.n.ing a
Conditional Pennit within 16 weeks after all requirements are met. The NRC may approve,
revise or remand the draft Conditional Permit back to staff; however, if they approve the draft
pennit, it would then go to the Tribal Council for discussion and approval.

In the event that the Final Permit is not complete when stormwater discharges to the Gila
Floadway become necessary, the Conditional Permit will allow for discharge to the Floodway if
ADOT and GRIC agree that construction is complete and that the wetland best management
practice is fully operationaL

In addition to developing the permits. there is a need to maintain an ongoing working
relationship among all responsible parties to provide a forum for addressing questions and

• implementing solutions to identified problems. Areas of interest include determining 1) the local
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• relationship bct\.vcen percolating surface water in the Floodway or wetlands and shallow and
regional aquifer quality, 2) the source of possible contaminants in stormwater and other drainage
waters, and 3) the dynamics of contaminants after they enter the Floodway.

Your assistance in expediting submittal of the above items would be appreciated. We look
forWaiato\vorking closely with you and your staff to complete the permits.. If you have
questions regarding these items, please contact Glenn Stark at 520-562-3203.

Sincerely,

mCIJW/v~
MaryY·Th~
Governor - Gila River Indian Community

cc: Pat Mariella. Director of Environmental Quality

• Attachments

• Page 4 of4
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•

•

CONDITIONAL AND FINAL WATER QUALITY PROTECTION PERMITS
FOR THE

ARIZONA DEPART~NT OF TRANSPORTATION

by the

GILA RIvER INDIAN COMMUNITY
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Permitting A~sUmptionsand Expectations

P.07

In preparing a water quality permit for stormwater. GRIC is making seven principal assumptions:

1. Source water consists of stonnwater, and although its quality may vary, this stonnwater is
not expected to contain industrial or mUlucipal wastes; .

2. SEVRDS wetlands/detention basins are adequate to· remove stormwater pollutant
concentrations to levels which will not ex.ceed levels necessary to protect surface water uses
of the Gila Floodway or aquifers beneath GRIC lands. These wetlands/detention basins.
therefore. constitute a Best Management Practice (BMP) for the treatment ofthis stormwater;

3. Monitoring for pollutants (e.g., stonnwater inflow. ~EVRDS' point of compliance which
accolUlts for both the wetlands discharge and balance of stonn, aquifers near wetlands; etc.)
will be adequate to track water quality trends, identify problems and verify assumptions 1
and 2. If deemed necessary, to the extent practicable monitoring will occur during
preparation of the conditional and fInal permit. Monitoring will continue upon completion
ofthe final permit;

•

•

4.

5.

6.

ADOT will pay for the surface water point ofcompliance sampling station and all monitoring
costs associated with either the conditional or final permit. The point of compliance
sampling station will be located dovt'TIstrearn ofall SEVRDS basins but upstream ofall other
potential discharges to the SEVRDS outfall channel at a point determined by agreement
between ADOT and GRIC. ADOT is only responsible for the quality of water discharged
by SEVRDS; ADOT is not responsible for any other discharges to the Gila Floodway;

ADOT will provide funds for installation and monitoring of groundwater wells near the
wetlands/detention basins. GRIC will be responsible for installing wells and collecting
groundwater samples. The location of wells will be determined by scientific and technical
considerations; ADOT and GRIC must agree on selected locations before wells are installed.
GRIC recognizes thatADOTis not responsible for the-quality of'groundwater as it eAisrs··
prior to construction o(SEVRDS. The purpose of these wells is to provide baseline data to
characterize current water quality in the aquifer underlying the wetlands/detention basins..
The need for continued monitoring of these wells upon completion of the final permit will
be determined on the basis of the qUality of stormwater, Le., if it appears to pose a risk to
aquifer water quality;

The Gila Floodway is protected by the following designated uses: Aquatic & Wildlife
ephemeral (acute only), Partial Body Contact, and Agricultural Livestock Watering. These
designated uses are defIned the same as those in Arizona's surface water quality standards
adopted April 24, 1996. The quality ofwater entering the Floodway at all times should meet

2



the numeric and narrative water quality criteria. required to protect those designated uses.
These criteria are also the same as those found in Arizona's 1996-adopted surface water.
quality standards: and .

•
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7. Compliance with the water quality standards will be an element of the final pennit. We
. anticipate using a reasonable approach where we consider the frequency with which the--,
exceedance occurs. We are considering if more than half of the observations over any
consecutive two-year period exceed a standard at the point ofcompliance, then the discharge
is considered out ofcompliance with the permit.

•

•

Although regulation ofstormwater is treated as a point source program under the Clean Water Act,
in practice pollutants in stonnwater typically arise from nonpoint or diffuse sources that can vary
depending on imensiI)'. frequency and location of stonn <:vents. This variability contrasts with
industrial or municipal point source discharges That vary little in quality. For this reason, stormwater
is treated in various communities by implementation ofbest management practices, including such
simple activities as street sweeping, litter control, elimination of illegal discharges, public education.
and retention and detention basins.

The SEVRDS project relies on stormwater BMP's applied by municipal governments (i.e., Chandler,
FeD and ADOT) and the wetlands to nlinimize the oppportunity for pollutants to be present in
stormwater discharges. The use ofwetlands is an inilovative approach to mitigating the effects of
stormwater pollutants on receiving waters. The numeric and narrative standards that apply to the
Gila Floodway to protect surface water and groundwater. will act as action levels to evaluate
compliance with pennit conditions. If the discharge does not comply with a water quality standard
as defined in Assumption #7 above. the following stepwise process will be initiated by ADOT to
identify additional best management practices that must be implemented to bring stonnwater into
compliance with standards:

Identify source(s) of pollutants;
Idenllfy additional best management practice(s) required to reduce pollutants in stonnwater; and
Develop a schedule for irnplementation'ofadditiona.J ?est managemen~.practice(s).-
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•

•

The Memoranclwn ofAgreement. lPA 90-138. bet\lleen the Arizona Department of Transportation
(ADOT) and Gila River Indian Community (GRlC) provides a basis for development of permits for
discharge of stormwater to the Gila Floodway. The permits are being developed as an agreement
between two govemmentalentities and not for thepurpose~.of.complying with. any tribal. state or
federal statutory requirement.

The permit process is intended to provide Gila River Indian Community (GRIC) water users with
a measure ofprotection oftheir surface water and aquifer supplies against pollutants introduced from
the Southeast Valley Regional Drainage System (SEVRDS). Protection is expected to be
accomplished by issuing tviO permits: a Conditional and a Final. Although the GRIC Department
of Environmental Quality (DEQ) will prepare the pennits. ultimate authority to issue pennits lies
with the Tribal Council. Work on the Conditional Permit can commence once any necessary
resolutions regarding the proposed Scope ofWork are approved by the GRIC Tribal Council and the
following items are received from ADOT 1) receipt of the necessary technical information for the
permit; 2) the pennit application fee; and 3) ADOT agreement to work toward development of a
Final Permit.

Pennit adoption formalizes the need to: 1) set up an ongoing monitoring program; 2) determine
effectiveness of the SEVRDS basins as a BMP; and 3) determine the risk to GRIC's sole source
aquifer used for drinking purposes. A Conditional Permit will provide the vehicle for GRIC and
SEVRDS participants to resolve questions regarding standards and performance .and set up a
monitoring program for implementation under the Final Permit.

The strategy behind two permits is pragmatic:.a C.onditiona1..Eemrit will be issued to ADOT because:
1) the Conditional Pennit will allow GRIC to confirm the accuracy of information from ADOT on
the projected quality and quantity of water to be discharged to the Floodway before preparing the
Final Permit; 2) the timing of various construction projects in the area is critical; and 3) there is a
need to provide ADOT with a commitment from GRIC to issue a pennit for discharge so ADOT may
proceed with expending funds on construction ofthe Santan ChanneL Under the ConditionalPennit.
discharges from the SEVRDS outfall to the Gila Floodway will be allowed once all parties agree that
construction has been appropriately completed and the wetland is fully operational.

A Final per:mi! replacing the Conditional Pennit will be issued to ADOT after all the required
information has been compiled, the data have undergone a thorough technical review and a
comprehensive public-involvement process has been completed. We anticipate that the development
of the Final Pennit will require 24 months. It will require BMPs designed to reduce SlOnnwater
pollution to the maximum extent practicable, and an ongoing monitoring program to characterize the
quality of runoff to evaluate compliance with the conditions of the final pennit.

4
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•

•

•

The pennits will ret1ect Community member values as well as scientific understanding of necessary
water qUality control measure~. In this regard, the pemlits will utilize the latest available information
on constituents ofconcern and the water quality criteria necessary to protect designated uses. These
criteria are periodically updated to reflect new scientific information. Similarly, treatment or
preventive measures (e.g. BMPs) effective in the control of pollutants may also be updated as new
technologies become available, e.8-,rhrough the development .of new stormwater BMPs by the
Envirorunental Protection Agency. A final Permit to discharge to the Gila Floodway will be issued
for five years. The application to renew this permit will take into account updated or newly
developed BMPs as well as any changes to water quality criteria used to protect Gila Floodway
designated uses.

In addition to developing the permits, there is a need to establish an ongoing working relationship
among all responsible parties to provide a forum. for addressing questions and implementing
solutions to identified ,prqblems. Areas of interest include determining 1) the local relationship
between percolating surface Water in the Floodway or wetlands and shallow and regional aquifer
quality, 2) the source ofpossible contaminants in stormwater and other drainage waters. and 3) the
dynamics ofcontaminants after they enter the Floodway. DEQ will work with all responsible panies .
to gain assurance that GRIC aquifers. which are used for drinking purposes, are not at risk from
discharges of stormwater.

5
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Elements atWater Quality Permits

P.ll

The Conditional Permit to ADOT for discharge of stannwater to the Gila Floodway will contain
requirements for ADOTto gather_monitoring data to support the final Pennit including data to
confirm the appropriateness of the designated uses applied to the Floodway and numeric and
narrative water quality criteria required to protect those uses. As a .minimum, this Conditional
Permit will contain the following elements:

•

•
•

•

•

•

Monitoring of stormwater expected to enter the wetlands/detention basins to the
greatest extent possible before the Final Permit is completed; .
Estimates of quantities and qualities of water to be released to the Gila Floodway
based on projected inflow qualities and wetlands/detention basin treatment
capabilities;
Determination of the relationship between stormwater discharges to the wetlands!
detention basins and the Gila Floodway and shallow and regional aquifers to
detennine ifthere is any risk to the qUality ofaquifer water used as a drinking water
source; .
Development of a sampling and monitoring 'plan to provide the means to track the
water quality of SEVRDS' discharges when they occur and detennine the effect of
these stormwater discharges on attainment of water quality standards. The sample
plan will include installation of groundwater wells to characterize current aquifer
water quality at the wetlands/detention basins.. Also, monitoring data will provide the
basis for evaluating changes in groundWater quality that may occur in the future that
are not resulting from ADOT's activities, e.g., changes in regional land use; and
Reporting plan development to include the type, frequency, and content ofreports.

•

Once GRIC (DEQ, Law Office) and EcoPlan Associates develop a draft Conditional Permit, it will
be presented to the Natural Resources Committee (NRC) for approval. Following NRC approval,
the Conditional Permit requires approval from the Tribal Council. If policy makers approve the
proposed permit without changes, these two steps will take at least two months. In addition, the
vehicle for Conditional permit adoption will be a Memorandum ofAgreement (MOA) patterned after
other state and federal stonnwater permits. Preparation and refinement of the MOA will involve
legal review and comment as well as stakeholder coordination.

Einal...E.ermit

The Final Pennit to ADOT for discharge of storrnwater to the Gila Floodway will contain as a
minimum the following elements:

6
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• • The water quality standards that must be met at the point of compliance for discharge to the
Gila Floodway. Standards in the Final Permit are expected to be those for protection of
ephemeral surface water designated uses, Le., Partial Body Contact (PBC) Aquatic and
Wildlife (ephemeral) (A&We) and Agricultural Livestock Watering (AgL)] and water quality
criteria (Le., numeric and narrative) required to protect those uses (for example, those
adopted by Arizona DEQ, April 24, 1996; EPA approval currently pending).

• Water quality monitoring requirements for the life of the permit, including location(s) and
frequency ofmonitoring and constituents of concern;

• Reporting requirements, including the type. frequency and content; and
• The basis for what constitutes non-compliance with a water quality standard and expectations

ofADOT in the event non-compliance occurs.

The review process for the Final Permit is similar to the Conditional Pennit.· Both the NRC and
Tribal Council must approve the permit. The vehicle for Final Permit adoption will again be a MOA
that is subject to legal review and comment and stakeholder~coordination. GRIC anticipates that the
time between Conditional Pennit and Final Permit adoption·will be approximately 24 months (based
on the flow chart developed by GRlC DEQ).

•

• 7
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TASKS-

Pr.eparation of Conditional Permit

P.13

1.0 Develop interim aquifer and surface water sampling and monitoring requirements and key
dates for implementation of activities.

1.1 Develop monitoring requiremen~ and key dates for implementation

1.1.1 Determine parameters to be sampled
1.1.2 Detennine frequency and location of sampling
1.1.3 Determine key dates
1.1.4 Initiate sampling

2.0 Develop reporting requirements including dates of completion.

3.0 Provide for review of Conditional Permit

3.1 Discuss draft Conditional Permit with stakeholders

Discuss Conditional Permit and process with NRC

•
... .,
.J._

3.1.1
3.1.2

3.1.3

Meet with necessary GRIC departments (DEQ, Law)
Meet with key Tribal members (e.g., council members, allonees) to gain

sense of interest/concern
Meet with local, county, state, etc. agencies with stake in the permit

.3.2.1 Distribute permitting concept for NRC review and discuss
3.2.2 Prepare and distribute draft permit and MOA for NRC review and comment

3.2.2 Obtain concurrence from NRC

3.3 Discuss Conditional permit and process with district members

3.3.1 Meet with Districts 4 and 6 members to explain permitting concept
3.3.2 Meet with Districts 4 and 6 members to explain draft pennit and receive ideas

3.4 Discuss NRC-approved draft Conditional Permit and MOA with Tribal Council

•
3.4.1
3.4.2

Distribute permitting concept for Council review and discuss
Obtain adoption of Conditional Permit and MOA from Council

8
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Prepar-.ltion of Final Permit

P.14

4.0 Compile all Gila Floodway-related technical information on the SEVRDS

4.1 Review wetlands/detention basin and channel design with design engineers
4.2 Review 30% and 60% Design Memoranda and Wetlands Design Report for

understanding ofproject
4.3 Review soil type, penneability, etc. and aquifer depth
4.4 Confinn SEVRDS design represents the BMP for stonnwater

5.0 Develop Water quality monitoring in accordance with the monitoring program set forth in the
Conditional Pennit

5.1
5.2
5.3
5.4
5.5

5.6

• 5.7

5.8

Detennme parameters to be checked
Detennine frequency and location of sampling, including point of compliance
Determine representative stonn events
Determine sample collection procedures
Develop an understanding of aquifers in vicinity including depth. movement and
direction
Determine likely disposition of released constituents from floodway and
wetlands/detention basins
Determine performance level of wetlands by comparing the quality of inflow and
outflow
Set date for collection and reporting of monitoring data

6.0 Develop well field monitoring to characterize baseline water quality of aquifer underlying
the wetlands/detention basins

6.1 Determine starus ofexisting well sampling results for quality
6.2 Determine locations for installation of monitoring wens
6.3 Install new monitoring welles) for wetlands/detention basins
6.4 Implement monitoring and reponing on aquifer conditions

7.0 Validate assumptions used in development afFinal Permit based on data generated under
Conditional Pennit

•

.7.1

7.2

7.3

Confirm appropriateness of designated uses (A&We, PBC. AgL) applied to Gila
Floodway
Confirm appropriateness of numeric water quality criteria used to protect designated
uses
Confirm appropriateness of narrative water quality criteria used to protect surface

9
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.--
8.0

,"v:lter and groundwater assoCiated with Gila. Floodway

Develop contingency plan to address permit compliance issues that could occur following
implementation ofthe Final Permit

8.1 Work with stakeholders to develop process and reasonable schedule for addressing
and correcting compliance problems.

8.2 Develop strategy for working with stakeholders to modify permit conditions in the
event that the project design/operation needs to be changed. e.g.• operation of the
wetlands/detention basin needs to be modified, a significant change in source water
to the Gila Floodway occurs, or the uses of the Gila Floodway change because of the
operation of the Santan Channel.

9.0 Provide for review ofFinal Permit

9.1 Discuss draft peInlit with stakeholders

• 9.2

9.1.1 Meet with interested ORrC departments
9.1.2 Meet with key Tribal members (e.g., council members. allottees) to gain

Sense ofinterestlconcern
9.1.3 Meet with local. county. state, etc. agencies with stake in the permit

Discuss permit and process with NRC

9.2.1 Distribute permitting concept for NRC review and discuss
9.2.2 Prepare and distribute draft pennit and MOA for NRC review and comment
9.2.3 Obtain concurrence from NRC

•

9.3 Discuss permit and process with district members

9.3.1 Meet with Districts 4 and 6 members to explain permitting concept
9.3.2 Meet ~thDistrict 6 members to explain draft Permit and receive ideas

9.4 Discuss NRC-approved draft permit and MOA with Tribal Council

9.4.1 Distribute permitting concept for Council review and discuss
9.4.2. Obtain adoption of pennit and MOA from Council

10



'..

i '. I Project Schcdulej

~
~
I
~

~
(I)

~

I\.l

I5l
,J:>.

•
20

40

Total
lIours

I
9

I
8

1
7

1
6

I
5

I

"
I
3

I
2

I
o

9

Condilional Permit

8

Number or Monllls From Beginning or Process

654)1

xx

xx

Task

R«:porling goals aud
dales

Monitoring goals and
dales

2.0

1.0

3.0 Provide for r«:view of
Conditional Permit

200

i
fD
C
Dr....
:<
lJ
r
~
z....
ti

80

120

160

210

200

2301100·

Pinal Permit

xxxxxxxxxxxxx

xxxxxxxxxxxxx

xxxXXX

xxxx

xxx XXX

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

x
xx
xx

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

xxx

Dislrict Members

Slakeholders

NRC

9..1 Tribal Council

4.0 Technical intbnnalioo

5.0 Monitoring program

6.0 Well field monitoring

7.0 Validale assumplions

8.0 Contingency plan

9.0 Review of Pinal Permit

GOW£iiS~
9.1 Slakehoiders

9.2 NRC

9.) Dislricl Members

• • \00 hours for GRIC installation of wells and collection of groundwater samples
lJ

~

en

II




