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nrrRODUCTION

The Central Arizona Project (CAP) was authorized by the Colorado River
Basin Act (PL 90-537). Its purpose was to bring Arizona's entitlement of
Colorado River water to central Arizona (Figure 1). In 1968, Orme Dam or a
suitable alternative was authorized as a CAP feature. It would provide
terminal storage in Phoenix as well as flood control along the Salt River.
With the publishing of the draft EIS is 1976, overwhelming opposition to Orme
Dam surfaced. These concerns and others caused the Bureau of Reclamation
(Bureau) to reassess the merits of Orme Dam. Then in April 1977, President
Carter recommended that Orme Dam be deleted from the CAP. The Bureau initiated
renewed flood damage investigations in 1978 with the Central Arizona Water
Control Study (CAWCS). Shortly thereafter, the Corps of Engineers (Corps)
signed a Memorandum of Understanding with the Bureau to provide Corps'
expertise in evaluating flood control benefits of the Bureau's alternative
plans to Orme Dam and to position the Corps to evaluate the residual flood
control problems in the Phoenix area with the Bureau's recommendation in place.
However, because of the effectiveness of the Bureau's recommendation (Plan 6)
in providing flood control, further studies by the Corps were terminated.

The Secretary of the Interior in 1984 selected Plan 6, out of nine
possible plans, as the alternative to Orme Dam. The essential elements of Plan
6 were as follows (Figure 2):

* New Waddell Dam on the Agua Fria River to provide regulatory storage for
CAP;

* Cliff Dam on the Verde River for water supply, flood control and to
rectify dam safety problems at Horseshoe and Bartlett dams;

* Roosevelt Dam on the Salt River would be modified for dam safety and
flood control, and;

* Stewart Mountain Dam on the Salt River would be modified for dam safety
purposes.

Cliff Dam was one of four structures which comprised Plan 6. Cliff Dam
became the object of controversy principally because of its potential adverse
impacts on Sonoran desert nesting bald eagles and their habitat. Increasing
opposition from a coalition of eleven national and local environmental
organizations resulted in an agreement being reached between the Arizona
Congressional delegation and the environmental coalition. This agreement is in
the form of a "Statement of Principles' which appeared in the Congressional
Record, June 24, 1987.

The Statement of Principles states that no further funds would be
appropriated for the study or construction of Cliff dam and that Plan 6 would
not include Cliff Dam or similar water conservation storage features on the
Verde River as an element of the recommended plan. The environmental coalition
agreed to terminate, without prejudice, it lawsuit against Plan 6 and to
support appropriations of funds under the Reclamation Safety of Dam Act to
complete safety related improvements at Horseshoe and Bartlett, modified
Roosevelt and modified Stewart Mountain Dams. The Statement of Principles
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stated that additional flood control measures may be needed on the Verde River
to compensate for the loss of flood control features to have been provided by
Cliff Dam, thus additional flood control storage at Bartlett and/or Horseshoe
Dams may be required to meet the flood control deficit. The Agreement
stipulated that the U.S. Army Corps of Engineers would be requested to
undertake studies required to determine and identify appropriate flood control
measures on the Verde River.

It was decided that the Corps of Engineers would provide specific economic
and hydraulic data to the Bureau to evaluate flood control storage in Bartlett
and Horseshoe Reservoirs in conjunction with the Bureau's dam safety
modifications. In addition, a preliminary evaluation of downstream
alternatives would be done to ensure that flood control measures more effective
than storage in the two reservoirs were not being precluded by the reservoir
alternatives themselves. This effort was to be accomplished in a one year time
frame with funding being provided by the Bureau. After the Bureau had
determined the amount of flood control to be provided by the reservoirs, the
Corps would then undertake reconnaissance studies of the residual flooding
problems.

STUDY APPROACH

This analysis was initiated in November of 1987, after the"completion of
an Inter-Agency Agreement between the Corps and Bureau and the formulation of
the Scope of Services. The original Scope of Services indicated that the Corps
would develop benefits of the upstream alternatives (i.e. flood control storage
at Horseshoe and Bartlett), preliminary benefits and costs of the downstream
alternatives, and develop an environmental baseline for the downstream
alternatives. As the study progressed, it became apparent that the probability
of upstream flood control. being justified was limited. Therefore the Scope of
Services was revised to delete the benefits and costs of the downstream
alternatives. The environmental baseline downstream was still completed as
this analysis had already been initiated when the decision to delete downstream
work was made. The Corps' analysis was conducted in three parts; the future
without project conditions were established, alternatives for upstream storage
were developed, and the benefits for upstream alternatives were evaluated. The
analysis was conducted at a reconnaissance level of detail.

FUroRE WITHOUT PROJECT

The future without project condition establishes the baseline from which
the feasibility of flood control is measured. Currently there is no flood
control storage on either the Salt or Verde Rivers. Under Plan 6, flood
control storage would have been provided by two sources; 565,000 acre feet of
storage on the Salt River from a modified Roosevelt Dam, and 465,000 acre feet
of storage on the Verde River from the new Cliff Dam. The future without
project condition for this analysis assumes Plan 6 will be constructed, but
without Cliff Dam.
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To evaluate the future without project conditions, the study area was
defined as the Verde River to its confluence with the Salt River, the Salt
River to its confluence with the Gila River, and the Gila River to Gillespie
Dam (Figure 3). Discharge-frequency relationships were developed to determine
the amount of flow expected in the rivers for various frequency storms and then
overflows and floodways were developed to determine what areas were susceptible
to flood damages.

Discharge-Frequency Relationships

The future without project condition, Plan 6 minus Cliff Dam, was
evaluated in the original CAWCS study as Plan 9. At that time, discharge­
frequency values were prepared for Plan 9. The analysis assumed that 565,000
acre feet of flood control storage would be provided by modified Roosevelt Dam
and that the outlet capacity of the modified dam would be 25,000 cfs.
Discharge-frequency relationships were developed based on the following flood
operation plan for Roosevelt.

Outflow = Inflow

Outflow = 25,000 cfs

Outflow = 25,000 cfs

Inflow less than or equal to 25,000 cfs on the
rising limb of the hydrograph

Inflow greater than 25,000 cfs

Inflow less than or equal to 25,000 cfs on the falling
limb of the hydrograph

Flow values were then determined using HEC-1 for the following locations on the
Salt and Gila Rivers (Figure 4).

CP-40 Salt River Below Confluence With Verde/Granite Reef Dam
CP-IIO Salt River at Mill Avenue Bridge
CP-113 Salt River Above Confluence With The Gila River
CP-1310 Gila River Below Confluence With The Salt River
CP-1218 Gila River At Gillespie Dam

In reevaluating the discharge-frequency relationships developed for Plan 9
during this analysis, the results supported most of the original CAWCS Plan 9
discharges, but indicated that there would be a greater peak flow reduction for
floods exceeding a 50-year event. Discharge-frequency results for existing
conditions (i.e. no flood control), Plan 6, Plan 9 under the original CAWCS
study and the new plan 9 values are shown in Table 1. Under existing
conditions (i.e. no flood control storage) the 100-yr flow at the Mill Ave
Bridge is 215,000 cfs. The current Plan 9, the without project condition,
reduces the 100-yr flow to 160,000 cfs. Plan 6 if implemented would have
reduced the flow to 55,000 cfs.
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Table 1: Without Project Discharge-Frequency Salt-Gila Rivers

Frequency No F.C. Plan 6 CAVCS Plan 9 Current Plan 9

CP 40: Salt River Below Confluence Verde Riverl Granite Reef Daa

5 44,500 44,500 45,000 45,000
10 102,000 50,000 85,000 85,000
20 141,000 50,000 115,000 115,000
50 175,000 55,000 150,000 145,000

100 245,000 78,000 185,000 175,000
200 290,000 110,000 245,000 210,000
500 360,000 190,000 310,000 275,000

CP 110: Salt River at Kill Avenue Bridge

5. 40,000 40,000 44,000 44,000
10 93,000 50,000 84,000 84,000
20 135,000 50,000 110,000 110,000
50 160,000 50,000 140,000 135,000

100 215,000 - 55,000 170,000 - 160,000
200 275,000 92,000 215,000 190,000
500 330,000 170,000 265,000 250,000

CP 113: Salt River Above Confluence Gila River

5 36,000 36,000 40,000 40,000
10 85,000 45,000 75,000 75,000
20 125,000 45,000 100,000 100,000
50 145,000 45,000 130,000 125,000

100 185,000 - 50,000 165,000 - 150,000
200 250,000 80,000 200,000 185,000
500 310,000 150,000 250,000 240,000

CP 1310: Gila River Below Confluence Salt River

5 40,000 45,000 40,000 40,000
10 95,000 45,000 75,000 85,000
20 135,000 53,000 100,000 110,000
50 200,000 90,000 140,000 180,000

100 250,000 113,000 200,000 215,000
200 295,000 140,000 250,000 230,000
500 360,000 190,000 315,000 290,000

CP 1218: Gila River at Gillespie Daa

5 37,000 Not Available 37,000 37,000
10 78,000 Not Available 69,000 78,000
20 124,000 Not Available 91,000 100,000
50 186,000 Not Available 129,000 160,000

100 235,000 Not Available 186,000 200,000
200 277 ,000 Not Available 235,000 215,000
500 335,000 Not Available 290,000 270,000
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Overflovs/Floodvays

The overflows for the study were developed using HEC-2 models obtained
from three sources. The HEC-2 model for the middle section of the study area,
Country Club Drive to Bullard Avenue, was obtained from the 1984 Maricopa
County Flood Insurance Study, which was done by the Corps of Engineers. HEC-2
models depicting the upper and lower study reaches were developed by two
consulting engineering firms for the Flood Control District of Maricopa
County. The upper study reach, Granite Reef Dam to Country Club Drive, was
developed in 1986 by Burgess and Niple. The lower study reach, Bullard Ave to
Gillespie Dam, was developed in 1987 by Dames and Moore.

To reflect current conditions, the HEC-2 models were revised to reflect
recent changes in the Salt and Gila Rivers. Changes incorporated included;
channel clearing on the Gila River from 91st Avenue to Bullard Avenue, new
levees (35th Avenue to 51st Avenue and 113 Avenue to 123rd Avenue), two new
bridges (7th Avenue and 1-10), channel excavation and filling associated with
new industrial developments through metropolitan Phoenix, and the proposed
Tempe Channel from Mill Avenue to 1-10. After the changes were incorporated,
the HEC-2 model was run with the Plan 9 discharges that had been developed for
CAWCS. Five water surface profiles were plotted; 25-year, 50-year, 100-year,
200-year, and 500-year. Due to a change in the discharge-frequency
relationships (i.e. CAWCS Plan 9 to current Plan 9), flood overflows greater
then the 50-year flood actually represented slightly higher frequencies
(i.e. 100-yr overflow is now actually the 120 year overflows). It was
determined that this change would not significantly affect the benefits
calculated.

As indicated by the 1984 Flood Insurance Study, the overflows through the
metropolitan area have narrowed since the original CAWCS Study. Through the
metropolitan area, the 100-year overflow is mostly confined to the channel.
However, some breaks do occur. In Mesa, a large break occurs on the south side
of the River where the 200 and 500-year floods inundate areas from Gilbert Road
to Alma School Road. Some structures are also flooded from the 100-year event.
The 500-year flood again leaves the Salt River Channel at Price Road and floods
the south portion and some northern portion of the floodplain through Tempe.
The 500-year flood continues to inundate areas on both the north and south side
of the Salt River though Phoenix until 43rd Avenue where flooding from the 100­
year flood also occurs. Flooding from the 100-year flood also occurs at the
confluence of the Salt with the Gila River. Numerous structures are inundated,
some from the 50-year event. Below the confluence of the Salt and Gila Rivers,
the floodplain spreads out and both the 100 and 500-year inundate broad traclrs
of land.

In addition to the overflow analysis, a series of floodways (55,000,
90,000, 130,000, 170,000 cfs) were also developed. The purpose of calculating
a series of floodways was to develop a floodway (cfs) vs location benefit curve
for the economic analysis. To calculate the floodways, the natural water
surface elevation was computed for each discharge. Conveyance was then reduced
equally from both sides of the floodplain until the water surface elevation was
raised no more than one foot higher then the natural water surface elevation.
This new water surface elevation was then plotted as the floodway.

9



uPSTREAM ALTERNATIVES

Assuaptions

Upstream alternatives examined adding flood control storage at the two
existing Salt River Project Reservoirs, Horseshoe and Bartlett, on the Verde
River. Currently, the storage in both Horseshoe and Bartlett Reservoirs is for
water supply purposes only. The upstream alternatives were developed to
minimize the 100-year flow through the metropolitan area. To develop the NED
plan, an array of alternatives were developed which would reduce the 100-yr
without project flow (160,000 cfs at Mill Avenue) to various lower
discharges. The lowest discharge evaluated being 55,000 cfs that would have
been provided by Cliff Dam. Alternatives examined included providing 100,000,
200,000, 300,000, and 465,000 acre feet of storage on the Verde River. These
storages were evaluated for three different reservoir flood outlet capacities;
25,000, 60,000, and 100,000 cfs. This resulted in twelve alternatives being
examined at each of the dams.

In addition to providing new storage at the reservoirs, the feasibility of
reregulating those reservoirs (i.e. changing water supply space to flood
control space) was also to be examined. It was decided that the benefits
derived from the addition of new storage at the dams would be used to determine
the benefits of reregulating the existing storage.

With Project Discharge-Frequency Relationships

In comparing the reduction in flow between the without project condition
and the with project conditions, most comparisons are made at CP 110, which is
the Mill Ave Bridge. The 100-yr discharge at Mill Avenue is 160,000 cfs. When
combined with flood control storage on the Verde River, that flow can be
reduced to between 130,000 cfs (w/100,000 acre feet of flood control space on
the Verde River) and 60,000 cfs (w/465,000 acre feet of flood control space on
the Verde River). The 465,000 acre feet of storage only reduces the flow to
60,000 cfs, rather than the 55,000 cfs that would have been provided by Cliff
Dam, because the reservoir operation in this analysis was designed to minimize
the 100-year flood. The reservoir operation for Cliff Dam had been to control
the Standard Project Flood to 50,000 cfs.

The 100,000 acre feet storage alternative reduced the flow for frequencies
up to the 200-year. However, this alternative did not reduce the flow from the
500-year flood. The 200,000, 300,000, and 465,000 acre feet flood control
storages reduced the 500-year peak flow approximately 40,000 cfs to
70,000 cfs. At low exceedance frequencies (i.e. less than 5-year), none of the
storages evaluated reduced the without project flow. In addition, comparison
of peak flows in the Salt River below the Verde River for flood control
alternatives at Horseshoe or Bartlett Dams, indicated there was no discernible
difference in impact between these sites. Therefore the with project results
are presented for Horseshoe Dam only, but may also be used for Bartlett Dam.
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Table 2a: With Project Discharge-Frequency Horseshoe Outlet = 25,000 cfs

Without Project

Flood CP 40 CP 110 CP 113 CP 1310 CP 1218
Freq. Confluence Mill Ave Above Gila Below Gila Gillespie

5 45,000 44,000 40,000 40,000 37,000
10 85,000 84,000 75,000 85,000 78,000
20 115,000 110,000 100,000 110,000 100,000
50 145,000 135,000 125,000 180,000 160,000

100 175,000 160,000 150,000 215,000 200,000
200 210,000 190,000 185,000 230,000 215,000
500 275,000 250,000 240,000 290,000 270,000

Storage = 100,000 Acre Feet

5 45,000 44,000 40,000 40,000 37,000
10 55,000 51,000 46,000 56,000 51,000
20 70,000 60,000 56,000 66,000 60,000
50 100,000 95,000 90,000 145,000 135,000

100 140,000 130,000 125,000 190,000 175,000
200 190,000 175,000 170,000 215,000 200,000
500 275,000 250,000 240,000 290,000 270,000

Storage = 200,000 Acre Feet

5 45,000 44,000 40,000 40,000 37,000
10 55,000 51,000 46,000 56,000 51,000
20 65,000 60,000 56,000 66,000 60,000
50 85,000 76,000 70,000 125,000 115,000

100 110,000 100,000 94,000 159,000 145,000
200 150,000 140,000 135,000 180,000 165,000
500 225,000 210,000 200,000 250,000 235,000

Storage = 300,000 Acre Feet

5 45,000 44,000 40,000 40,000 37,000
10 45,000 44,000 40,000 50,000 46,000
20 45,000 44,000 40,000 50,000 46,000
50 65,000 44,000 40,000 95,000 88,000

100 85,000 70,000 60,000 125,000 115,000
200 120,000 110,000 105,000 150,000 140,000
500 200,000 180,000 180,000 230,000 215,000

Storage = 465,000 Acre Feet

5 40,000 39,000 34,000 38,000 35,000
10 40,000 39,000 34,000 44,000 40,000
20 40,000 39,000 34,000 44,000 40,000
50 62,000 39,000 34,000 89,000 82,000

100 85,000 60,000 50,000 115,000 105,000
200 120,000 110,000 100,000 145,000 135,000
500 200,000 180,000 180,000 230,000 215,000
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Table 2b: With Project Discharge-Frequency Horseshoe Outlet = 60,000 cfs

Without Project

Flood CP 40 CP 110 CP 113 CP 1310 CP 1218
Freq. Confluence Mill Ave Above Gila Below Gila Gillespie

5 45,000 44,000 40,000 40,000 37,000
10 85,000 84,000 75,000 85,000 78,000
20 115,000 110,000 100,000 110,000 100,000
50 145,000 135,000 125,000 180,000 160,000

100 175,000 160,000 150,000 215,000 200,000
200 210,000 190,000 185,000 230,000 215,000
500 275,000 250,000 240,000 290,000 270,000

Storage = 100,000 Acre Feet

5 45,000 44,000 40,000 40,000 37,000
10 85,000 84,000 75,000 85,000 78,000
20 98,000 94,000 86,000 96,000 88,000
50 110,000 105,000 98,000 153,000 140,000

100 125,000 115,000 110,000 175,000 160,000
200 160,000 150,000 140,000 185,000 170,000
500 275,000 250,000 240,000 290,000 270,000

Storage = 200,000 Acre Feet

5 45,000 44,000 40,000 40,000 37,000
10 70,000 66,000 62,000 72,000 66,000
20 70,000 66,000 62,000 72,000 66,000
50 80,000 74,000 65,000 120,000 110,000

100 105,000 95,000 90,000 155,000 140,000
200 140,000 130,000 125,000 170,000 155,000
500 240,000 220,000 210,000 260,000 240,000

Storage = 300,000 Acre Feet

5 45,000 44,000 40,000 40,000 37,000
10 45,000 44,000 40,000 50,000 46,000
20 45,000 44,000 40,000 50,000 46,000
50 65,000 44,000 40,000 95,000 88,000

100 85,000 70,000 60,000 125,000 115,000
200 120,000 110,000 105,000 150,000 140,000
500 200,000 180,000 180,000 230,000 215,000

Storage = 465,000 Acre Feet

5 40,000 39,000 34,000 38,000 35,000
10 40,000 39,000 34,000 44,000 40,000
20 40,000 39,000 34,000 44,000 40,000
50 62,000 39,000 34,000 89,000 82,000

100 85,000 60,000 50,000 115,000 105,000
200 120,000 110,000 100,000 145,000 135,000
500 200,000 180,000 180,000 230,000 215,000
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Table 2c: With Project Discharge-Frequency Horseshoe Outlet = 100,000 cfs

Without Project

Flood CP 40 CP 110 CP 113 CP 1310 CP 1218
Freq. Confluence Mill Ave Above Gila Below Gila Gillespie

5 45,000 44,000 40,000 40,000 37,000
10 85,000 84,000 75,000 85,000 78,000
20 115,000 110,000 100,000 110,000 100,000
50 145,000 135,000 125,000 180,000 160,000

100 175,000 160,000 150,000 215,000 200,000
200 210,000 190,000 185,000 230,000 215,000
500 275,000 250,000 240,000 290,000 270,000

Storage = 100,000 Acre Feet

5 45,000 44,000 40,000 40,000 37,000
10 85,000 84,000 75,000 85,000 78,000
20 110,000 105,000 100,000 110,000 100,000
50 110,000 105,000 100,000 155,000 140,000

100 125,000 115,000 110,000 165,000 150,000
200 150,000 140,000 140,000 180,000 170,000
500 275,000 250,000 240,000 290,000 270,000

Storage = 200,000 Acre Feet

5 45,000 44,000 40,000 40,000 37,000
10 70,000 66,000 62,000 72,000 66,000
20 70,000 66,000 62,000 72,000 66,000
50 80,000 74,000 65,000 120,000 110,000

100 105,000 95,000 90,000 155,000 140,000
200 140,000 130,000 125,000 170,000 155,000
500 240,000 220,000 210,000 260,000 240,000

Storage = 300,000 Acre Feet

5 45,000 44,000 40,000 40,000 37,000
10 45,000 44,000 40,000 50,000 46,000
20 45,000 44,000 40,000 50,000 46,000
50 65,000 44,000 40,000 95,000 88,000

100 85,000 70,000 60,000 125,000 115,000
200 120,000 110,000 105,000 150,000 140,000
500 200,000 180,000 180,000 230,000 215,000

Storage = 465,000 Acre Feet

5 40,000 39,000 34,000 38,000 35,000
10 40,000 39,000 34,000 44,000 40,000
20 40,000 39,000 34,000 44,000 40,000
50 62,000 39,000 34,000 89,000 82,000

100 85,000 60,000 50,000 115,000 105,000
200 120,000 110,000 100,000 145,000 135,000
500 200,000 180,000 180,000 230,000 215,000
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BENEFITS UPSTREAH ALTERNATIVES

Study Approach

Several previous flood control benefit assessments have been conducted in
the study area. Data from three of these studies was used in the economic
analysis.

CAWCS: The Central Arizona Water Control Study examined all reasonable
alternatives to provide regulatory storage for the Central Arizona Project
(CAP) water and flood control along the Salt and Gila Rivers. The Corps of
Engineers participated in the study and was responsible for the flood control
planning and analysis. The study was completed in 1981.

CAVCS Reevaluations: Two additional studies, completed in November 1986
and March 1987, evaluated the effects of changes in hydraulic conditions
demonstrated by the 1984 FEMA Flood Insurance Maps. The first paper explained
the effects the changed conditions had on inundation reduction benefits and
made adjustments to the original analysis for physical improvements such as
larger bridges and levee protection around Sky Harbor Airport. The flow-damage
relationships that resulted from these adjustments were used in the current
analysis for minor benefit categories. The second work provided a thorough
analysis of location benefits including an in-depth estimation of expected
property values which was also used in the current analysis.

The original CAWCS analysis demonstrated that the location benefit
category was the most influential due to the size, location and demand for
floodway lands through the communities of Mesa, Tempe and Phoenix.
Consequently, much of the effort put forth in this economic analysis was
directed at providing a more accurate estimate of location benefits.
Additionally, a new analysis was conducted of inundation damages and benefits
due to the significant changes in hydraulics and hydrology. This analysis made
use of Salt River Project's Land Use Model (LUM) in combination with a tax
assessor-based real estate information database, to develop the inundation
reduction data. For other categories of benefits, updates were first made for
price level changes then modifications to existing flow-damage relationships
were made to account for the changes in hydrology. The analysis uses the
current Water Resource Council Discount Rate of 8 5/8% for all benefit
assessments and a period of analysis of 100 years.

Flood Control Analysis

The benefits of flood hazard reduction plans are based on a careful
analysis of the difference in the with and without project conditions. The
without project condition is the land use and related conditions likely to
occur under existing improvements, laws, and policies. The with project
condition is the most likely condition expected to exist in the future if a
specific project is undertaken. The changes in the with and without project
condition are the benefits to the project. The economic study area encompasses
the floodplain along the Salt River from Granite Reef Dam to its confluence
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with the Gila River and along the Gila River to Gillespie Dam. The original
flood control benefit analysis was performed by subdividing the study area into
nine economic reaches (Figure 5). The nine reaches were defined as follows:

Reach 1 - Granite Reef Dam to Country Club Drive
Reach 2 - Country Club Drive to Pima Road
Reach 3 - Pima Road to 48th Street
Reach 4 - 48th Street to 1-10
Reach 5 - 1-10 to 35th Avenue
Reach 6 - 35th Avenue to the confluence with the Gila River
Reach 7 - The confluence to 115th Avenue
Reach 8 - 115th Avenue to Old Route U.S. 80
Reach 9 - Old Route U.S. 80 to Gillespie Dam

The reaches for the current analysis remain the same with the exception of
the combination of reaches 7 through 9 into one reach for damage analysis
purposes. There are three major types of benefits; inundation reduction
benefits, location benefits, and other benefits catagories. Other benefits
include savings in capital costs, savings in fill, and business and emergency
losses.

Inundation Reduction Benefits

Inundation reduction benefits result from reducing flood losses to
activities which would use the floodplain without any plan. Inundation
reduction benefits are measured as the reduction in the amount of flood damages
or related costs. There are two general sub-categories of benefits under
inundation reduction: General Property Inventory Benefits (where benefits
depend on property inventory and hydraulic information) and Specific Case
Benefits (where benefit information requires an in-depth analysis and
additional information).

General Property Inventory Benefits:

Inundation Reduction benefits were reanalyzed for this study. The
analysis made use of the Salt River Project's (SPR) Land Use Model (LUM). Land
and improvement values were estimated by the LUM for the five flood inundation
areas, from Granite Reef Dam to 180th Avenue. Input variables included tax
assessor data purchased from the TRW Real Estate Information Services Division,
land use acreage estimated by the LUM, and flood inundation boundaries provided
by the Corps.

Depth-damage relationships were used to evaluate the impact of the
anticipated flows on development in the floodplains. These relationships were
developed from nation-wide flood insurance claims and provided by the Federal
Emergency Management Agency (FEMA). The depth-damage curves applied to
damageable property, were used to develop flood damages on a section level.

The Expected Annual Flood Damage Computation Program (EAD), developed by
the Hydrologic Engineering Center (HEC) , was used to compute annual damages in
this analysis. The damages expected to result from each size flood were
weighted by the probability of occurrence of that flood by combining the
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damage-discharge and discharge-frequency curves. Average annual damages
werethen calculated by using standard damage-frequency integration techniques.
Equivalent annual damages were computed next by summing the present worth of
annual damages and applying the capital recovery factor (partial payment
series) for an 8-5/8 percent discount rate. Flood damages for the General
Property Inventory equal $ 1,017,200.

Specific Case Damages:

The Specific Case area of benefits are those structures where traditional
use of standardized depth-damages relationships cannot adequately determine
damages. These areas require in-depth analysis to determine the flow-damage
relationships. Included in this category are unique structures such as dams,
power plants, and electric transmission towers; sand and gravel operations,
agricultural activities and business and emergency costs.

Unique Structures: This area of benefit determination was divided into
two areas: 1) Unique Structures in a Specific Reach where adjusting the flow­
damage relationship is appropriate, and 2) Unique Structures (not dependent on
hydraulic information) where in-depth analysis is required for adjustment.

1) Unique Structures in a Specific Reach: The unique structures were
first separated into their appropriate reach. These consisted of damages to:
electrical transmission towers, telephone lines, the Ocotillo Power Plant,
water and sewer Lines, gas lines, storm drains, and irrigation facilities.
Expected damages to these structures were examined. The existing flow-damage
relationship was adjusted for price level changes for all structures with the
exception the Ocotillo Power Plant where additional damages for the SOO-year
event were included based on new information. Flow-damage relationships were
aggregated by reach and then input into the EAD program. Annual damages are
estimated at $142,400.

2) Unique Structures (not dependent on hydraulics): This sub-category
consists of damages to SRP Dams on the Verde River, the CAP siphon and SRP's
Underground Storage and Recovery Project. Damages for this sub-category are
computed as a function of hydrology and are not reach-specific. The flow­
damage relationships for SRP dams and CAP siphons was updated for price level
changes. Additionally, damages to SRP Dams on the Salt River were removed from
the flow-damage relationship as they could not be protected by flood control
measures on the Verde. Damages to SRP's Underground Storage and Recovery
Project were added since this proposed project will be in place before
completion of any project alternative. Equivalent annual damages for this area
equal $302,100.

Sand And Gravel Operations: Flow-Damage relationships for this area of
benefits were updated for price level changes and then input into the EAD
program. Equivalent annual damages equal $124,100.

Agriculture: The 1987 study adjusted flow-damage relationships for all
reaches except reaches 1,8 and 9. In these reach the current analysis reduced
the 1981 flow-damage relationships by the percentage reduction in overflow area
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from 1981 to 1988. The resultant flow-damage relationship was then updated for
price level changes and input into the EAD program. Annual damages total
$45,700.

Transportation Delays: For this category of damages a new bridge failure
and delay scenario was developed in the 1987 analysis. The flow-damage
relationships were modified for price level changes and then input into the EAD
program. Because the transportation flow-damage relationship is a stepped
function large swings in with project damages occur. Equivalent annual damages
equal $40,500.

Table 3 presents the total without project expected annual damages for the
study. Damage to General Property total $1,017,200 and damage to specific case
structures total $654,860. This amounts to $1,672,060 in Average Annual
Damages.

To evaluate the impacts of proposed flood control measures on the Verde
River, the discharge-frequency curves associated with the improvements were
input into the EAD run as alternative plans. Flood damages prevented were
calculated by comparing the damages that would be expected to occur without a
project to those damages that would be expected to occur with a project in
place. Because several of the plans could not be distinguished due to
hydrologic considerations, the final plans were evaluated as follows:

RHAl 100,000 acre feet storage with 25,000 cfs outlet
RBA2 100,000 acre feet storage with 60,000 cfs outlet
RHA3 100,000 acre feet storage with 100,000 cfs outlet
RUBl 200,000 acre feet storage with 25,000 cfs outlet
RBB2/3 200,000 acre feet storage with 60,000 cfs or 100,00 cfs outlet
RIle 300,000 acre feet storage with 25,000, 60,000 or 100,000 cfs outlet
RBD 465,000 acre feet storage with 25,000, 60,000,or 100,000 cfs outlet

Inundation reduction benefits are provided in Table 4.

Location Benefits

Location benefits occur when a reduction in the level of flood risk makes
it possible for a new activity to locate in the floodplain. In this study
location benefits occur only in land freed for development, the acreage between
the with and without project floodways as defined by the current hydraulic
analysis.

Methodology:

To determine location benefits the market value of land method was used.
The market value method assumes the value of property will increase by an
amount equivalent to the increase in net income. To determine market values,
local appraisers were contacted and provided land values for similar
developable sites rendered out of the floodway. Care was taken to obtain
values of similar unimproved areas lacking infrastructure. These values were
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Table 3

Inundation Daaages
Vithout Project ($1,000)

General Property Inventory

Residential
Commercial
Industrial
Mobile Homes
Public

Subtotal

Specific case

Unique Structures (1)
Unique Structures (2)
Sand and Gravel Operations
Agricultural
Transportation Delays

Subtotal

TOTAL

533.37
62.28

322.43
21. 35
77.77

1,017 .20

142.44
302.14
124.13
45.67
40.48

654.86

1,672.06

(1) Unique Structure In Reach
(2) Unique Structures Not Reach Specific
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then compared to recent sales information from Maricopa County. Current fair
market value of floodway land ($5,000 per acre) was also provided by the
Assessor. The difference between developable land and flood way land values is
the net increase per acre.

Adjustments to the net increase per acre must be made to calculate the
location benefit. First, all without project floodway acreage is assumed to
remain in the FEMA designated 100 year floodplain. Since development in
floodplains is precluded by FEMA regulations unless the development is elevated
on fill above the lOa-year water level, the cost of fill must be subtracted
from the net increase per acre. Additionally, since removal of floodway
restrictions induces development into floodplains and since location benefits
hinge on the assumption that land values capitalize expected flood damages, the
expected flood damages from the induced development must also be subtracted.

To evaluate the effects of alternate plans, location benefits were
analyzed for four floodways including the without project 170,000 cfs. A
location benefit - lOa-year discharge curve was produced (Figure 6) using
discharge at the Tempe Bridge as a reference point. Location benefits were
then determined by comparing the plan's lOa-year discharge at the Tempe Bridge
to the benefit curve. Table 4 presents location benefits for the various
alternatives developed.

Other Benefits

Savings In Capital Costs:

Savings in Capital Costs can be claimed as project benefits when flood
control measures allow for a savings in costs by permitting the building of
smaller, less expensive structures. The 1987 analysis concluded that savings
in capital costs could accrue to two bridges, Price Road and Bullard Avenue.
The current analysis assumes these bridges will be constructed to withstand the
lOa-year flood of 170,000 cfs if flood control measures on the Verde are not
constructed. Annual benefits for each alternative are shown in table 4.

Savings In Fill:

Any development in the lOa-year floodplain must be filled one foot above the
lOa-year flood elevation in accordance with the Flood Insurance Act of 1973.
If a project reduces or eliminates the amount of fill required without a
project, the savings in the cost of fill is then a direct benefit attributable
to the project. The savings in fill benefit is difficult to quantify given the
lack of with project overflows. However, due to the rapid growth the Phoenix
area is experiencing, this area of benefits is fairly substantial.
Quantification of these benefits was made on a cursory level given the
available information.

Without a project, there would be approximately 8,100 acres of land in the
lOa-year floodplain 1995 (project year 1) with the potential to develop. Based
on the future development scenario, fifteen to twenty five percent of the 8,100
acres will be covered by structures. This analysis assumes the high end of the
range, twenty five percent will be filled. The average depth of fill is 3 feet
and the cost of fill is $4.50 per cubic yard. The total cost of fill was
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divided into equal payments over the 100-year life of the project. To evaluate
alternatives, it was assumed that the targeted 55,000 cfs 100-year discharge
would eliminate all fill requirements in the 100-year floodplain. Benefit
calculations were then based on percentage reductions in the acreage of the
without project floodway resulting from the alternative plans.

Business And Eaergency Losses:

. The land uses inundated in the 1981 analysis have changed due to extensive
localized protection in the commercial and industrial areas through Phoenix.
Consequently, the flow-damage relationship created in 1981 for this category of
benefits is no longer applicable to the current inundation areas.
Quantification of this area of benefits would require extensive surveys of the
new inundation areas. Because of the small magnitude of benefits ($83,000 in
the 1981 analysis) these benefits are not claimed in this study.

CONCLUSIONS

Table 4a presents the results of this analysis at the current Water
Resource Council interest rate of 8 5/8%. Table 4b presents the results of the
analysis at an interest rate of 3 1/4%. The results indicate plan RHD (465k
acre feet storage) produces the most benefits. The location benefits analysis
indicates there are considerably less location benefits than were estimated in
the 1987 analysis. The decrease in location benefits results from four
factors:

1) The inclusion of Arizona Department Of Transportation's proposed Tempe
channel between Mill Avenue and 1-10 eliminates significant vacant land
previously claimed for location benefits. The channel is expected to be
completed before 1995 (project year one) allowing these areas to develop
regardless of any flood control storage on the Verde River. This change
reduces annual benefits approximately $1,400,000.

2) The previous analysis misidentified the boundary of the Salt River Indian
Reservation and included location benefits on the reservation. Because the
tribe has no legal requirement to follow FEMA land restrictions and because
ample flood free land exists on the reservation, these benefits can not be
claimed. This change reduces annual benefits approximately $1,500,000.

3) Demand for floodway areas in all parts of Reach 7 (confluence with the
Gila River to 115th Ave) cannot be demonstrated at the present time. Although
the Phoenix area is experiencing rapid development, the cost of fill
requirements in this area would make any land value increase negligible at
present. This change reduces annual benefits approximately $500,000.

4) Differences in the land available for development between the Corps
generated floodway and the Maricopa County flood ways used for the March 1987
analysis result in a decrease in higher valued devlopable land. Although the
net difference in developable lands is not substantial, the Maricopa County
floodways tend to place the larger openings of land in areas where the zoning
is more favorable to development. An example would be the area around the 91st
Street sewage treatment plant. The Maricopa County floodways show an area of
land opening for development on the north side of the river, where the zoning
is low-density residential. The Corps' floodways show a similar parcel opening
on the south side of the river. This land is on the Gila River Indian
Reservation and not subject to location benefits. The net effect in the
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overall change in floodways is a reduction of approximately $600,000 in
location benefits.
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Table 4a: Annual Flood Control Benefits ($1,000) i=8.625%

BENEFIT CATEGORY ALTERNATIVES

Inundation Reduction RHAI RHA2 RHA3 RHBI RHB2/3 RUC RBD

General Property
Residential 74.3 122.6 128.1 240.7 189.6 284.3 331.9
Commercial 13.8 23.0 24.3 33.1 30.2 38.4 41.7
Industrial 60.0 101.9 107.5 161.0 140.4 188.2 209.1
Mobile Homes 3.0 4.8 5.0 9.6 7.5 11.3 13.3
Public 9.9 12.3 12.4 39.9 23.9 52.5 59.8

Specific Case
Unique Structures (1) 38.3 51.8 52.8 84.5 70.1 102.9 111.5
Unique Structures (2) 122.5 99.6 58.9 155.7 145.8 157.5 157.8
Sand & Gravel 51.4 69.4 74.6 84.5 83.5 98.9 102.0
Agriculture 24.3 19.8 14.9 32.8 31.0 38.3 39.0
Transportation 1.9 2.9 2.9 36.7 3.6 37.4 37.6

Location Benefits 1,646.2 2,000.0 2,000.0 3,000.0 3,400.0 4,500.0 5,200.0

Other Benefits

Savings In Capital 68.0 100.0 100.0 133.0 145.0 202.0 224.0
Savings In Fill 132.0 189.0 189.0 251.0 273.0 380.0 420.0

roTAL 2,245.6 2,797.1 2,770.4 4,262.5 4,543.6 6,091. 7 6,947.7

KHAI 100,000 acre feet storage with 25,000 cfs outlet (1) Unique structures in reach
RHA2 100,000 acre feet storage with 60,000 cfs outlet (2) Unique structures not reach specific
RHA3 100,000 acre feet storage with 100,000 cfs outlet
RHBI 200,000 acre feet storage with 25,000 cfs outlet
RHB2/3 200,000 acre feet storage with 60,000 or 100,000 cfs outlet
RUC 300,000 acre feet storage with 25,000, 60,000 or 100,000 cfs outlet
RBD 465,000 acre feet storage with 25,000, 60,000 or 100,000 cfs outlet



Table 4b: Annual Flood Control Benefits ($1,000) i=3.25%

BENEFIT CATEGORY ALTERNATIVES

Inundation Reduction RBAI RHA2 RIIA3 RHBI RHB2/3 RHC RBD

General Property
Residential 111.6 184.9 192.8 374.1 290.9 442.6 519.7
Commercial 13.8 23.0 24.3 33.1 30.2 38.4 41.7
Industrial 77.7 131.4 138.1 224.2 189.4 263.1 297.9
Mobile Homes 3.0 4.8 5.0 9.6 7.5 11.3 13.3
Public 10.1 12.6 12.6 40.4 24.3 53.0 60.3

Specific Case
Unique Structures ( 1) 38.3 51.8 52.8 84.5 70.1 102.9 111. 5
Unique Structures (2) 122.5 99.6 58.9 155.7 145.8 157.5 157.8
Sand & Gravel 51.4 69.4 74.6 84.5 83.5 98.9 102.0
Agriculture 22.4 18.4 13.8 30.0 28.5 35.1 35.8
Transportation 1.9 2.9 2.9 36.7 3.6 37.4 37.6

Location Benefits 646.5 785.5 785.5 1,178.3 1,335.4 1,767.4 2,042.3

Other Benefits

Savings In Capital 26.0 39.5 39.5 52.5 57.0 79.° 88.0
Savings In Fill 132.0 189.0 189.0 251.0 273.0 380.° 420.0

'l'OTAL 1,275.2 1,612.8 1,589.8 2,554.6 2,539.2 3,466.6 3,927.9

RHAI 100,000 acre feet storage with 25,000 cfs outlet (I) Unique structures in reach
RHA2 100,000 acre feet storage with 60,000 cfs outlet (2) Unique structures not reach specific
RHA3 100,000 acre feet storage with 100,000 cfs outlet
RHBI 200,000 acre feet storage with 25,000 cfs outlet
RHB2/3 200,000 acre feet storage with 60,000 or 100,000 cfs outlet
RHC 300,000 acre feet storage with 25,000, 60,000 or 100,000 cfs outlet
RBD 465,000 acre feet storage with 25,000, 60,000 or 100,000 cfs outlet
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HYDROLOGIC ANALYSIS OF CLIFF DAM ALTERNATIVES

I. INTRODUCTION

1-01. BACKGROUND

The Cliff Dam Alternatives study is a follow-up to the Central Arizona

Water Control Study (CAWCS) during which Plan 6--a new or modified Roosevelt

Dam along with a new Cliff Dam, both with dedicated flood control functions-­

was selected as the recommended plan to control floodflows on the Salt and

Verde Rivers through the City of Phoenix, Arizona. Subsequently, Arizona's

congressional delegation, Plan 6 advocates, and Plan 6 opponents, reached an

agreement which dropped the Cliff Dam element from further study, but retained

the Roosevelt Dam element. The Roosevelt Dam element, which had been briefly

investigated during the original CAWCS Study, was known as Plan 9. By virtue

of the above agreement, Plan 9 would be constructed, and thereafter become the

base condition. Flood control on the Verde River at sites other than Cliff

was authorized for study purposes, and benefits were to be based upon the

flood reduction compared to Plan 9. A map of the Gila River Basin with major

existing structures is shown on plate 1.

1-02. PURPOSE

This report presents a discharge frequency analysis of flood control

storage alternatives on the Verde River considered in conjunction with Plan

9. The impoundment sites investigated were at the pre-existing Horseshoe and

Bartlett Dams. A schematic of the proposed sites along with the old Cliff

site is shown on plate 2. The alternative elements were melded with the



Plan 9 Roosevelt into an integrated system with flood control releases from

the separate elements based upon downstream channel capacity as well as

upstream inflow and relative space in the flood pools. The results, along

with costs of reservoir modifications at Horseshoe and Bartlett, and benefits

resulting from reduced downstream discharges, can be used in order to

determine: (a) the feasibility of Verde River flood control, and (b) if

feasible, the NED plan.

1-03. SCOPE

Discharge frequency analyses over the range of proposed Verde River flood

control storage were conducted using methodology and data developed in support

of the Bureau of Reclamation (BUREC) CAWCS investigation during the period

from 1978 through 1982, culminating in the May 1982 Hydrology Report (ref. 1).

This report is written and presented as an addendum to that report. The level

of detail of the current study is reconnaissance per the agreement between the

Los Angeles District (LAD) and the BUREC. Consequently, project analyses were

conducted using discrete event hydrology - Balanced Hydrographs - to determine

reservoir outflow. These outflows were combined at the Salt-Verde confluence

and routed downstream using nomographs determined from period-of-record

simulated flood routings from reference 1 studies. These nomographs were

based upon channel data for the Verde, Salt, and Gila Rivers for the period

prior to the February 1980 flood. The analyses were conducted using the HEC-5

"Simulation of Flood Control and Conservation Systems" computer program.

Area-capacity data and dedicated water supply pools were unchanged from

reference 1 definitions. Flood control pool sizes, outlets, and operational

objectives were redefined for this study. Balanced Hydrographs, based upon
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statistical analysis of recorded inflow to the reservoirs under consideration,

represent flows which have the same frequency of being equalled or exceeded

for all durations. Thus the resulting reservoir outflow retains the same

frequency (when properly adjusted for starting storage) as the inflow.

Balanced Hydrographs are discussed further in chapter 2. The Verde River

alternatives addressed in this report comprise a 2 x 4 x 3 matrix:

2 sites,

4 flood control allocations, and

3 flood control outlet sizes.

The proposed alternative flood control sites are at Horseshoe and Bartlett

Dams on the Verde River (pl. 1). The flood pool size allocations are 100-,

200-, 300-, and 465-thousand (K) acre feet, the latter being equivalent to the

former Plan 6 Cliff Dam. Flood outlets considered were 25-, 60-, and 100-K

cubic feet per second (cfs). In addition, the results of the smaller three

storage allocation alternatives (100-, 200-, and 300-K acre feet) were to

be used to provide basic hydrologic information to evaluate the possibility of

re-regulating existing Horseshoe and/or Bartlett Dams (total present storage

about 310,000 acre-feet).

1-04. RESULTS

Discharge frequency results for Plan 9 as well as project alternatives

were determined for the following locations on the Salt River:

a. Below the Verde River confluence/at Granite Reef Dam (CP-40).
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b. At Tempe Bridge/at Skyharbor Airport (CP-110).

c. At the mouth/above the Gila River (CP-113).

Also, with project frequency discharges were determined for the following

Gila River locations:

a. Below the Salt River confluence (CP-1310).

b. At Gillespie Dam (CP-1218).

A schematic diagram of the Gila River basin, including the Salt-Verde

tributaries along with the SRP system and downstream control points, appears

on plate 3. Plate 4 shows discharge-frequency profiles for the Salt-Gila

Rivers for Plan 9. The critical location, due to the economic consequences of

innundation of the airport, was CP-110. Plan 9 reduces the 100-year discharge

here to 160,000 cfs. When combined with the Verde River alternatives, that

flow can be further reduced to between 130,000 cfs (w/100-K acre feet of flood

control space on the Verde River) and 60,000 cfs (w/465-K acre feet of flood

control space on the Verde River). For floods as great as the 500-year, the

100-K acre-foot storage alternative provides no additional peak flow reduction

beyond Plan 9; however, the remaining three Verde River flood control alloca-

tions (200-, 300-, and 465 K acre feet) do provide a reduction in 500-year

peak flow compared to Plan 9, ranging from 40,000 cfs to 70,000 cfs. At low

exceedance frequencies (i.e., smaller runoff events, less than 5-year

frequency) Verde River flood control storage did not impact Plan 9 results.

In addition, comparison of peak flows in the Salt River below the Verde River

for flood control alternatives at Horseshoe or Bartlett Dams, indicated there

was no discernible difference in impact between these sites. Thus, with

4

.... -

I .

!



project results are presented for one Verde element only - Horesehoe Dam - but

may be used interchangeably hereafter. The following table presents the

results of the Cliff Alternatives study, including Plan 9, for the Salt River

near Skyharbor Airport/Tempe Bridge (CP-110).
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Table 1. Discharge Frequency Values For Project Alternatives (in cfs). (2)

50020010050

Salt River at Tempe Bridge (CP-110)

20105

Frequency, Years:100-Year(1)
Minimum -------------------------

Target
Alter­
native

PLAN 9 NONE 44000 84000 110000 135000 160000 190000 250000

RHA 1.
RHB1.
RHC1.
RHD1.

*90000
80000
45000
40000

44000
44000
44000
39000

51000
51000
44000
39000

60000
60000
44000
39000

95000
76000
44000
39000

130000
100000
70000
60000

175000
140000
110000
110000

250000
210000
185000
185000

RHA2.
RHB2.
RHC2.
RHD2.

110000
70000
45000
40000

44000
44000
44000
39000

84000
66000
44000
39000

94000
66000
44000
39000

105000
74000
44000
39000

115000
95000
70000
60000

150000
130000
110000
110000

250000
220000
185000
185000

RHA3.
RHB3.
RHC3.
RHD3.

110000
70000
45000
40000

44000
44000
44000
39000

84000
66000
44000
39000

105000
66000
44000
39000

105000
74000
44000
39000

115000
95000
70000
60000

140000
130000
110000
110000

250000
220000
185000
185000

NOTE: Targets were set to make maximum use of available flood control space
without spilling; "RHA1" spilled during the 100-year flood e~en with
continuous outflow of 25,000 cfs.

DEFINITIONS: RH = Roosevelt "Plan 9" element and Horseshoe element
A = 100,000 Ac. Ft. of Flood Control on the Verde River
B = 200,000 Ac. Ft. of Flood Control on the Verde River
C = 300,000 Ac. Ft. of Flood Control on the Verde River
D = 465,000 Ac. Ft. of Flood Control on the Verde River

= 25,000 cfs Flood Outlet, Verde element
2 = 60,000 cfs Flood Outlet, Verde element
3 = 100,000 cfs Flood Outlet, Verde element

(1) U/S Release + Contemporaneous Local Flow at Salt-Verde
Confluence.

(2) Includes Uncontrolled Local Runoff Non-Coincident wi UIS
Release.

* This target produced minimum flow, but was not achieved.
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II. DISCHARGE FREQUENCY ANALYSIS

2-01. PREVIOUS WORK

The basis for the current study was the report of May 1982, " Gila River

and Tributaries, Central Arizona Water Control Study, Hydrology", Los Angeles

District, U.S. Army Corps of Engineers. That report - hereinafter referred to

as the "CAWCS Hydrology" - and associated studies covered three areas

especially pertinent to this study:

a. Existing conditions discharge frequency analysis;

b. Plan 6 - with project discharge frequency analysis (New Roosevelt and

Cliff Dam);

c. Plan 9 - with project discharge frequency analysis (new or modified

Roosevelt only).

Each of these subjects and their link to the current study are discussed

in the following sections.

2-01.1 Existing Conditions

In the CAWCS Hydrology the hydrologic response of the Salt River basin

through the city of Phoenix and westward to Painted Rock Dam on the Gila River

was determined. The basis for the existing conditions was that the six water

supply and hydropower dams, owned and operated by the Salt River Project

(SRP), were in place and operating according to their current schedule. The

results--frequency discharges--were determined by simulated routing of

period-of-record hydrographs through the SRP system, and combining and routing

7



the resulting outflow hydrographs along with estimated contemporaneous down­

stream tributary flow to Painted Rock Dam. Interpretation of the discharge­

frequency relationships was supplemented by development of Balanced

Hydrographs from the inflow data at each upstream reservoir: Roosevelt Dam on

the Salt River and Horseshoe Dam on the Verde River. These Balanced

Hydrographs were utilized to help define the resulting outflow from rare

events, i.e. those greater than or equal to the 100-year flood. The

difficulty in making use of Balanced Hydrographs to evaluate downstream flow

is in determining the starting storage at the beginning of the synthetic

runoff event, if reservoirs have large storage pools (other than flood

control) which have a high variance in relative fullness. Since inflow and

storage are generally independent, there is no deterministic way to establish

a storage condition given an inflow condition. However, since outflow and

storage are linked, it is possible to arrive at a probabalistic storage by

examining the inter-relationship between outflow and inflow based upon varying

storage levels. In the most simplistic case, the range of starting storages

during flood routing might prove to be very insensitive to the resulting

outflow. In other cases, e.g. the SRP reservoirs, an entire flood might be

captured or significantly attenuated by the available water supply pool; in

such cases a sensitivity analysis might be fruitless, since the variation in

resulting outflow would be between 0 and a potentially large flow. Compound

or combined probability concepts may also prove unwieldy. Inflow frequency is

ordinarily determined using an extreme value series composed of annual maxima.

However, a 200-year flood (for example) might occur on a day or over a brief

period of time (for the Salt River a ten day period was determined to be

critical). The storage at the beginning of such a flood has a probability of

being equalled or· exceeded based upon a daily elevation frequency relationship.

8



Therefore, the inflow flood frequency might have to be re-evaluated in a

manner that produces daily exceedance probabilities. This could be

accomplished by establishing seasonal and/or monthly inflow probabilities, and

then converting these to daily averages: the seasonal inflow sample might be

summer vs. winter, or rainy season(s) vs. dry season(s), etc. The sample

delineation might involve snowmelt, or reservoir operation--water is stored in

winter, released in summer. These types of hydrometeorologic and operating

characteristics might be used to establish seasonal boundaries; or the daily

discharge probabilities might be derived entirely from record, if available.

HYPOTHETICAL EXAMPLE FOR SRP RESERVOIR SYSTEM

The January sample of maximum annual inflow may indicate that a 200-year

annual inflow (0.5 percent chance of being equalled or exceeded in any year on

the average) has a 0.1 percent chance of being equalled or exceeded in January

in any year. Stated another way, there is about a 20 percent chance that a

200-year inflow would occur in January. Likewise, based upon an examination

of monthly storages, it might be determined that there is a 10 percent chance

of the SRP system being "full" in January. "Full" may have the interpretation

of being greater than 90 percent of maximum storage. Thus, the probability of

a 200-year inflow occuring in January with "full" system would be the product

of these probabilities,

Pr(QJan ~ Q200) = .001 x .10 = .0001 = .01%

The outflow which results from this combination of circumstances--for this

example 295,000 cfs--has this same "partial" probability of occurrence. How­

ever, the actual probability of occurrence for the example outflow would have

9



to be determined by integration of all the possibilities for which this is an

outcome. In other words, 295,000 cfs may result from other combinations of

circumstance such as a .05 percent chance inflow and a "half-full" reservoir

(20 percent chance),

Pr(QJan ~ Q200) = .0005 x .20 = .0001 = .01%

By pursuing the "partial" probability of a specified outflow being

equalled or exceeded by some average or central value approach, an outflow

frequency curve could be constructed for January. In a similar manner,

outflow frequency curves could be established for other months of the year.

Finally, the outflow frequency curves for the months (or seasons, if the

subset is based on seasonal flow delineation) could be combined statistically

to yield an annual outflow frequency relationship.

This type of combined frequency analysis would require massive amounts of

data collection, and subsequent reduction of the data to provide the intended

results. Yet, the results would be very much dependent on the initial assump-

tions as to the independence of data--consequently serial correlation between

storage and inflow could force inaccuracies into even such a rigorous analysis

unless included quantitatively in such a study.

As an alternative to a combined frequency analysis, an iterative process

was used to link starting storage with balanced inflow hydrographs in order to

produce outflow frequency discharges. HEC-5 was used to model the reservoir

operations.

10

,"...' .',



Step 1. Natural Flow.

a. Balanced Coincident Component Hydrographs were developed for inflow to

the SRP system based upon a volume frequency analysis of available gauged

streamflow (pIs. 3-1, and 3-2, Appendix 3, 1982 CAWCS Hydrology). Figures

and 2 contain the component Balanced Hydrographs of Combined Coincident Inflow

to both Horseshoe and Roosevelt Dams.

b. Natural flow, Le., downstream discharge at the Salt-Verde Confluence

without SRP reservoirs, was computed for the largest simulated period-of­

record runoff events. The resulting peak flows were ranked, ordered, and

plotted using median plotting positions. Since the analysis was not a

rigorous statistical work-up of all inflow data, a graphically fit frequency

curve was constructed (pl. 13, CAWCS Hydrology).

c. In addition, Balanced Hydrographs for coincident component inflow to

the SRP system (step 1a) were routed downstream without the SRP system in­

place, combined with local runoff, and the resulting natural peak flow plotted

with the same frequency as the inflow. These peak flows were a combination of

routed SRP inflow and local flow. Local flow was estimated (based upon

observed runoff) to be in the same proportion to upstream runoff as the

relative drainage areas - approximately 8 percent. The results were

synonomous with the "natural conditions" discharge frequency results from the

period-of-record analysis, and served as a confirmation of the suitability of

single event hydrology--Balanced Hydrographs--in describing the continuous

discharge frequency function. The natural flow balanced hydrographs at

Granite Reef Dam are shown on figure 3.
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Step 2. Existing Conditions.

a. Balanced Hydrographs for coincident component inflow were again routed

downstream and combined with local flow determined in step 1c, but this time

the SRP system was incorporated into the model. Starting storage for each of

the six reservoirs (table 2 below) was assumed to be at the Normal Water

Surface (NWS), i.e. full conservation pools. (See pl. 3-5, CAWCS Hydrology).

An example of the 100-year Balanced Hydrograph flood routing at NWS is shown

in figure 4.

Table 2. Initial Assumptions, SRP System.

Salt River Verde River
Starting Starting
Storage Storage

Reservoir (ac. ft. ) NWS (NGVD) Reservoir (ac. ft.) NWS (NGVD)

Roosevelt 1,381,580 2136 Horseshoe 131,427 2026
/.,

Horse Mesa 245,138 1914 Bartlett 178,186 1798

Mormon Flat 57,852 1660.5

Stewart Mtn. 69,765 1529

The downstream peak flows were plotted at the same probability as the inflow

to the system, along with the results of the period-of-record flood routings.

Based upon the natural flow frequency curve and a comparison with period-of-

record data, a determination was made that for flood events less than 100-year

frequency (50-, 20-, 10-, 5-year), the SRP system should be less than full to

reproduce the period-of-record downstream frequency discharges. Also, for

flood events equal to or greater than 100-year frequeny (100-, 200-, 500-year),

the assumption that the SRP system is full produces downstream peak flows

which agree with the period-of-record results, and fit the shape and upper

bound of the discharge frequency relationship defined by the "Natural Flow".
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b. The sensitivity to the "full" assumption is not as great as first

appears:

1. Thirty-nine events during the simulation period (1888-1980,

92 years) were identified as spilling, i.e. the NWS was exceeded,

and downstream releases spilled over Granite Reef Dam to the Salt

River. Since 1980, spills or flood releases have occurred in

several other years.

2. The objective of the SRP system is to capture as much surface

runoff as possible.

3. During the flood season, demand is less (peak demand accompanies

the dry, hot summer months both for water consumption and

hydropower--especially air conditioning). Thus reservoirs are

more likely to be full during the later part of the flood season

when most runoff occurs.

4. Many flood events are correlated with antecedent runoff events

which fill, or nearly fill the reservoirs. As a consequence the

floods causing the greatest downstream flow often occur with

reservoirs full or nearly full.

5. The three downstream SRP reservoirs on the Salt River are operated

for hydropower with pumpback storage capability, and are

maintained at 90 percent full or greater if possible

(approximately 370,000 acre-feet at NWS).
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6. The larger the inflow, the less sensitive outflow is to the degree

of fullness of the SRP system.

Thus, although the probability of rare inflows (less than 10 percent chance

events) is small, the correlation between large downstream flow and "full"

reservoirs is so strong that the "full" assumption produces single event

runoff which agrees with the simulation of observed flows.

2-01.2 Project Conditions·

Subsequent to the establishment of the applicability of using single event

hydrology--Balanced Hydrographs--to reproduce continuous period-of-record

frequency discharges, project alternatives were investigated using those same

procedures.

Plan 6. A combination of Verde River flood control storage at Cliff

Dam--465,000 ac. ft.--and Salt River flood control storage at Roosevelt

Dam--565,000 ac. ft.--operating in parallel to control downstream runoff

during the SPF to 50,000 cfs, had been selected as the recommended plan.

Plan 6 was evaluated in a 2-stage process:

a. Discharge frequency analysis for Plan 6 based upon Balanced Coincident

Component Inflow Hydrographs to the SRP reservoirs were combined with

contemporaneous local runoff (Appendix II, CAWCS Hydrology).

b. Non-contemporaneous local runoff (Appendix I, CAWCS Hydrology) was

later combined with Plan 6 upstream reservoir releases (CAWCS

Hydrology) using probabilistic methods.

18
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Plan 9. No flood control storage on the Verde River, and the Plan 6

Roosevelt element on the Salt River operating to release up to 25,000 cfs,

had been evaluated in 1983 after CAWCS Hydrology was completed. The basis

of the discharge frequency analysis of Plan 9 was:

a. An external* evaluation of simulated period-of-record reservoir inflow

and resulting downstream runoff was performed. Adjustments to

Roosevelt outflows, based upon the proposed Plan 9, were made for each

flood, and these adjusted outflows were then combined with Verde River

out flows for existing conditions to produce downstream with project

runoff. The results were ranked, ordered, and plotted using median

plotting positions.

b. Balanced Hydrographs for rare inflow events (greater than lOa-year)

were also evaluated externally, and plotted at the same probability as

the upstream inflow.

c. A graphical discharge frequency curve was constructed using existing

conditions as an upper limit and guide for shape. A statistical

analysis of the results would have been invalid since the distribution

of outflows is not log normal, and the releases from the reservoirs

are not random independent events.

*external here refers to an arithmetic adjustment of previously simulated
results without benefit of computer modeling.
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The final results of the Plan 9 analysis--discharge frequency estimates

for the Salt River between the Verde River and the Gila River, and for the

Gila River between the Salt River and Gillespie Dam--were provided to the

Bureau of Reclamation in 1983. After Plan 9 was determined to be the new

base condition in 1987, those results were reviewed for adequacy as

discussed in the following section.

2-02. BASE CONDITIONS, 1988.

2-02.1 General

Existing conditions for the Cliff Dam alternatives includes the six SRP

reservoirs, with a flood 'control allocation of 565,000 acre feet at Roosevelt.

The current study had 2 objectives.

a. Review Plan 9 discharge frequency results from the 1983 investigation

b. Based upon the results of this review, analyze proposed projects and

compare to Plan 9.

2-02.2 Plan 9 Review

The period-of-record results produced in Plan 9 hydrology in 1983 were

accepted as an adequate evaluation of project outflows given those same

sequence of inflows. Balanced Coincident Component Hydrographs were also

reviewed for adequacy. Computer simulation of these "balanced hydrographs"

using the HEC-5 program "Simulation of Flood Control and Conservation

Systems" revealed several inconsistencies in the 1983 determinations. Figure

5 shows the routed Balanced Hydrograph at Granite Reef for Plan 9. Figure 6

shows the actual simulation of the 100-year flood routing for Plan 9.
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The main focus of the changes was in the 200-year flood. The Plan 9 discharge

frequency curve along with systematic and synthetic data is shown on plate 5.

Since the simulated downstream runoff checked for both the "natural" and

"existing"--prior to Plan 9--discharge frequency relationships (inflow to SRP,

as well as downstream peak flow at the Salt-Verde confluence), the simulated

Plan 9 results were used to modify the 1983 discharge frequency relationship

for the Salt-Gila Rivers from Granite Reef to Gillespie Dam. The results of

calibration of Plan 9 Balanced Hydrographs using the natural flow frequency

curve is shown on plate 6. A comparison of "natural", "existing"--prior to

Plan 9--and Plan 9 discharge frequency relationships is shown on plate 7 for

the Salt River below the Verde River confluence.

2-03. PROPOSED ALTERNATIVES TO CLIFF DAM

2-03.1 General

Flood control allocations on the Verde River were evaluated at two sites--

Horseshoe Dam and Bartlett Dam. The following matrix of storage and flood

control outlets was examined at both locations, operating in conjunction

(parallel) with the Plan 9 Roosevelt:

Table 3. Cliff Dam Alternative Matrix.

Storage (ac. ft.) Flood Outlet Capacity (cfs)

100,000
200,000
300,000
465,000

25,000
25,000
25,000
25,000
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60,000
60,000
60,000
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100,000
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100,000
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2-03.2 Operating Plan Description

The objective of each of the 4 x 3 alternatives was to minimize the

lOa-year discharge at the airport (CP-ll0). This was accomplished by a system

operation of the flood control pools at Roosevelt (Plan 9) and at the Verde

site, again using BEC -5. Each system (2 x 4 x 3 = 2 sites, 4 storage

allocations, and 3 flood outlet sizes) was operated to control the lOa-year

inflow to a target discharge at the Salt-Verde confluence. Upstream releases

were combined with contemporaneous local flow between the flood control sites

and the target location. A +20 percent contingency was assumed in the value

of local flow for each time step of the hydrograph evaluation due to

uncertainty in quantifying local flow under "real" conditions (i.e., if

QLocal = 30,000 cfs, an upstream release decision assumes Q Local = 1.2 x

30,000 = 36,000 cfs). The reservoir systems were operated in such a manner

that Roosevelt outflow was less than or equal to 25,000 cfs (Plan 9 size) and

the Verde controlled release was less than or equal to outlet capacity until

spillway flows were reached. Releases were made in a manner that resulted in

the reservoir with the lowest level making the highest release. The reservoir

level is a linear representation of the amount of flood control space occupied

at any time step in the simulation: e.g., if level 3 = top of water supply

pool, and level 4 = top of flood control pool, when a reservoir has 1/4 of its

flood pool empty, the level = 3.75. If the other component reservoir level is

greater than 3.75, i.e. less relative flood control space available, releases

will be made from that reservoir, with the objective being to "balance" the

system by making both levels equal. Total reservoir releases are then

combined with local flow to achieve the following result:

QTarget:> QRelease + 1.2 QLocal
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2-03.3 Operating Plan Performance.

a. Design Flood. The "systems" evaluated are listed in the following

table:

Table 4.

System Nomenclature with Storage Allocation/Outlet Size

Storage Allocation, ac. ft.
Outlet Size, cfs 100 K 200 K 300 K 465 K

25 K RHA1 RHB1 RHC1 RHD1

60 K RHA2 RHB2 RHC2 RHD2

100 K RHA3 RHB3 RHC3 RHD3

DEFINITIONS: K = 1,000 units
RH = Roosevelt "Plan 9" element + Horseshoe element
A = 100 K ac. ft. flood control allocation for Verde element
B = 200 K ac. ft. flood control allocation for Verde element
C = 300 K ac. ft. flood control allocation for Verde element
D = 465 K ac. ft. flood control allocation for Verde element
1 = 25 K cfs flood outlet for Verde element
2 = 60 K cfs flood outlet for Verde element
3 = 100 K cfs flood outlet for Verde element

NOTE: "RB" may be substituted for "RH" in nomenclature to mean Plan 9 plus
Bartlett element.

Each "system" was evaluated to achieve a nominal target discharge in an

iterative process;

1. If the initial target was exceeded, or if either the Roosevelt or

Verde element reached level 4.0 or greater (spillway crest), the target was

increased, usually in 5,000 cfs increments, until that target was achieved

without reaching level 4; this target was then the final target discharge.
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2. If the initial target was met without reaching level 4.0 for

either element, the target was decreased in 5,000 cfs increments until the

target was exceeded or either element reached level 4.0. When this point was

determined, the next higher target was used as the final target discharge.

This process was done for each of the 24 "systems". In some cases, such as

RHAl and RBA1, the 100-year component inflow was too large for that storage

allocation/flood outlet size on the Verde River such that even if the maximum

release (25,000 cfs) were continuous throughout the flood, that element still

spilled. In these instances the criteria were relaxed, so that the only

objective was the smallest target discharge. In most cases, however, the

smallest target and not reaching level 4.0 were synonymous goals.

The 100-year Balanced Hydrographs at Granite Reef for systems RHB1 and

RHDl are compared to Plan 9 in figure 7. The actual 100-year design routing

of Combined Coincident Component Inflow to Horseshoe and Roosevel t Dams is

shown in figures 8 and 9 for both RHB1 and RHD1.

As discussed in the 1982 CAWCS Hydrology, (Appendix 3), two types of

reservoir inflow data were developed:

1. Coincident Component Inflow--a deterministic evaluation of

reservoir inflow in which a given probabilistic inflow to the SRP sys tem,

e.g. a 100-year inflow, has defined Salt and Verde River components designated

by that same frequency on Coincident Component Frequency Curves (pIs. 3-1 and

3-2 of Appendix 3, 1982 CAWCS Hydrology). For example, the 100-year SRP

inflow has a Sal t component wi th a peak flow of 215,000 cfs, and a Verde

component with a peak flow of 128,000 cfs. These peaks are the maximum

instantaneous -mlues of 100-year inflow to the project components.
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(The project evaluations were based upon the combination of the Balanced

Inflow Hydrographs of these coincident components constructed from these

Volume Frequency curves--plates 3-1 , 3-2--and referred to as Combined

Coincident Component Balanced Inflow Hydrographs in this report.)

2. Station Inflow--a probabilistic evaluation of reservoir inflow to

either branch of the SRP system, but not to both (not coincident) simulta-

neously. This data is based solely on station data and is represented by

Volume Frequency Curves shown on plates 3-3 and 3-4 of Appendix 3, CAWCS

Hydrology. As discussed in Appendix 3, these curves are composed of all

annual maxima, and are thus by definition, greater than or equal to the

coincident components. However, the total of Salt-Verde River Combined

Coincident Inflow to the SRP system is greater than either of these.

Tables 5-8 which follow provide peak flow rates and other duration inflows for

Coincident Components and Station Inflow. Figures 10 and 11 show the compo-

nent Balanced Hydrographs for Station Inflow to Horseshoe and Roosevelt Dams.

Table 5. Salt River Combined Coincident Component Inflow to Roosevelt
(Ref. Plate 3-1, CAWCS Hydrology)

Peak Flow, cfs

Duration 5-yr. la-yr. 20-yr. 50-yr. lOa-yr. 200-yr. 500-yr.

Peak 60000 90000 122000 175000 215000 260000 320000
l-Day 43UOO 66000 90000 125000 150000 180000 220000
2-Day 37000 58000 80000 109000 130000 150000 180000
3-Day 30000 47000 65000 88000 105000 125000 150000
5-Day 20000 32000 45000 63000 77000 90000 110000

la-Day 13000 20000 27500 38000 46000 55000 64000
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Table 6. Verde River Combined Coincident Component Inflow to Horseshoe.
(Ref. Plate 3-2, CAWCS Hydrology)

Peak Flow, cfs

Duration 5-yr. la-yr. 20-yr. 50-yr. lOa-yr. 200-yr. 500-yr.

Peak 49000 71000 90000 112000 128000 145000 160000
l-Day 31000 46000 59000 72000 83000 92000 101000
2-Day 26500 37000 47500 59000 67000 73000 82000
3-Day 20500 29000 36500 44000 50000 55000 62000
5-Day 14000 20000 25500 31000 35000 39000 43000

la-Day 9000 13000 16200 19800 22000 24500 27000

Table 7. Salt River Station Inflow to Roosevelt.
(Ref. Plate 3-3, CAWCS Hydrology)

Peak Flow, cfs

Duration 5-yr. 10-yr. 20-yr. 50-yr. lOa-yr. 200-yr. 500-yr.

Peak 55000 90000 130000 200000 270000 355000 490000
1-Day 39000 63000 90000 140000 185000 235000 315000
2-Day 32000 58000 78000 119000 155000 195000 265000
3-Day 27000 46000 62000 94000 125000 155000 210000
5-Day 20000 32000 45000 66000 86000 105000 140000

10-Day 12000 20000 27500 38000 48000 58000 75000

Table 8. Verde River Station Inflow to Horseshoe
(Ref. Plate 3-4, CAWCS Hydrology)

Peak Flow, cfs

Duration 5-yr. la-yr. 20-yr. 50-yr. lOa-yr. 200-yr. 500-yr.

Peak 47noo 70000 95000 132000 165000 200000 250000
l-Day 30000 49000 65000 94000 118000 142000 180000
2-Day 24000 37000 51000 72000 90000 110000 140000
3-Day 20000 30000 40000 56000 70000 85000 105000
5-Day 14000 21000 28000 38000 47000 57500 71000

la-Day 9000 13500 17500 23500 28000 33000 40000
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To ensure that the downstream discharge based on minimizing the 100-year

flow was an accurate portrayal of the range of possibilities, the 100-year

Station Inflows were also examined. This was done because some of the Verde

River system components had such small flood control allocations and outlet

capacities, that a runoff event confined to the Verde River (peak Station

Inflow for a 100-year event = 165,000 cfs, 10-day volume = 550,000 ac. ft.)

might produce a greater downstream peak due to spillway flow, than the larger

total Combined Coincident Component Inflow (100-year peak Verde Component

Inflow = 128,000 cfs, 10-day volume = 430,000 ac. ft.). Verde River Station

Inflows for all alternatives were evaluated, and where these resulted in

greater downstream peak runoff than the Combined Coincident Components, these

peak discharges were used to supplant the "combined" results. Since the

Roosevelt component inflow coincident with the 100-year Station Inflow to

Horseshoe was unknown, two extremes were defined: the downstream flow was

greater than or equal to the Verde release + local flow, but less than or

equal to the Verde release + local flow + 25,000 cfs--since 25,000 cfs is the

Roosevelt Dam Plan 9 outflow. Since the range of downstream peak flows was

usually limited to 25,000 cfs, and the balance between the low and high end of

the range was unknown, an arithmetic average of the high and low peak flows

was used to represent the peak flow resulting from Verde Station Inflow.

The results of these analyses for the 100-year event are presented in the

following table.
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Table 9. lOa-Year Operational Results for Cliff Alternative Systems.

Alter-
native RHAl RHA2 RHA3 RHBl RHB2 RHB3 RHCl RHC2 RHC3 RHDl RHD2 RHD3

Minimum
lOa-yr.
Discharge, 140 125 125 105 100 100 65 65 65 40 40 40
1,000 cfs

NOTE: No combinations of storage/outflow could control the lOa-year Verde River
inflow component without spilling, except RHD1, 2, and 3.

b. Impact on Other Floods. Each "system" was evaluated for the following

n-year runoff events, in addition to the lOa-year flood:

n = 5-, 10-, 20-, 50-, 200-, 500-year frequency.

The analyses were conducted in a similar manner to the lOa-year runoff

evaluation. Combined Coincident Component Balanced Inflow Hydrographs were

routed through each system, the objective being to control the maximum

downstream flow to the target discharge at the Salt-Verde confluence. As in

the design fleod analysis, Verde River Station Inflow Balanced Hydrographs

were also studied to determine whether downstream runoff might be greater when

a flood was centeralized over the Verde River, even though that flood might be

smaller than the n-year total "system" inflow. Station inflows produced

higher downstream peak flow for the 100- and 200-year floods than combined

coincident inflows except for the largest storage alternatives--RHD1, RHD2,

and RHD3. A table of controlling floods is presented below for clarification.
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Table 10. Controlling Flood for With Project Frequency Analysis.

Frequency (years)

Alternative System 5 10 20 50 100 200 500

RHAl CC CC CC V V V CC
RHA2 CC CC CC CC V V CC
RHA3 CC CC CC CC V V CC
RHBl CC CC CC CC V V CC
RHB2 CC CC CC CC V V CC
RHB3 CC CC CC CC V V CC
RHCl CC CC CC CC V V CC
RHC2 CC CC CC CC V V CC
RHC3 CC CC CC CC V V CC
RHDl CC CC CC CC CC CC CC
RHD2 CC CC CC CC CC CC CC
RHD3 CC CC CC CC CC CC CC

CC = Combined Coincident Componet Inflow
V = Verde Inflow

The 500-year maxima were generated by Combined Coincident Component

Inflow, since both Roosevelt and Verde flood control structures spilled during

this simulation. Station Inflow and Coincident Component Inflow are nearly

identical for floods of 20-year frequency or less (preceding tables 5-8).

Variation in outlet capacities and operational targets are responsible for the

50-year station inflow controlling downstream flow for the 50-year

simulation. A tabulation of operational targets for Combined Coincident

Inflows, which produced the minimum peak runoff at the Salt-Verde River

confluence, follows for comparison with the actual lOa-year operational

results based upon both Coincident Component and Station Inflow.
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Table 11. 100-Year Operational Targets at Salt-Verde Confluence,
CP-40, for Cliff Alternative Systems.

Alter-
native RHA1 RHA2 RHA3 RHB1 RHB2 RHB3 RHC1 RHC2 RHC3 RHD1 RHD2 RHD3

10O-yr.
Target
Discharge, 90K* 110K 110K 80K 70K 70K 45K 45K 45K 40K 40K 40K
1,000 cfs

*NOTE: Targets are set for Combined Coincident Component Inflow Hydrographs and
are info.ended to achieve those results without spilling. RHA 1 spills for
100-year inflow even with outlets fully open.

In addition to frequency hydrographs, the SPF developed in the 1982 CAWCS

Hydrology (pp. 14-15), was used to provide further information about the

ability of the proposed upstream alternative systems to control downstream

runoff. Plan 9 reduces the SPF to 205,000 cfs at the Salt-Verde confluence;

this would be equivalent to a 200-year flood based upon the discharge

frequency relationship for Plan 9. Each system was operated for the Target

defined in the previous table during the SPF simulation, and the resulting

peak flow rates were plotted on log-frequency paper using the 200-year

frequency intercept. A table of the SPF routing results for alternative

systems follows.

Table 12. Results of SPF Routing for Alternative Systems at
Salt-Verde Confluence, CP-40.

Alter-
native RHA1 RHA2 RHA3 RHB1 RHB2 RHB3 RHC1 RHC2 RHC3 RHD1 RHD2 RHD3

SPF Peak,
1,000 cfs 185 153 130 165 152 131 159 165 165 125 124 124
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The SPF discharges are generally larger for small flood control

allocations with small outlets. However, the magnitude of the resulting

outflow is also dependent upon the downstream target discharge (see previous

table). Thus in some cases, an operation which attempts to control the 100­

year flood to a smaller target results in higher peak flows during larger

events such as the SPF. For example the SPF with RHB3 results in a downstream

peak of 131,000 cfs, while for RHC3, the SPF results in a downstream peak of

165,000 cfs. This occurs, even though the RC3 system includes an additional

100,000 ac. ft. of flood allocation at Horseshoe compared to the RHB3 system,

because the 100-year target is 45,000 cfs for the former and 70,000 cfs for

the latter. Since the SPF is about a 200-year frequency flood, and is thus

greater than the 100-year inflow, all systems designed for a 100-year event

will spill. The downstream peak is generally greatest for those systems which

lose control soonest. An exception to this general guideline is evident in

comparing the downstream peak flows when the SPF is routed through the 'c'

systems. The peak flow for RHCl is 159,000 cfs, while it is 165,000 cfs for

RHC2, and RHC3. The difference in these cases is due to the smaller outlet

capacity for RHCl than the others, but in an inverse manner as discussed

hereafter:

- RHCl has a 25,000 cfs Verde outlet.

- RHC3 has a 100,000 cfs Verde outlet.

- As a consequence RHC3 is able to evacuate more space during the flood

routing prior to reaching spillway crest.

- This results in spillway flow occuring later for RHC3 than RHC1.
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Since the spill is later, it occurs further down on the recession limb

of the inflow hydrograph, thus the spill for RHC3 is smaller than RHC1.

See figure 12 for a comparison of Verde River SPF outflows.

- However, Roosevelt outflow is about the same for RHC1 and RHC3, and

since there is more available space (300,000 ac. ft. for the Verde,

565,000 aC. ft. for Roosevelt), Roosevelt spills later than the Verde.

Salt River outflows for RHC1 and RHC3 are compared in figure 13.

- Thus, although RHC3 has a smaller Verde spill than RHC1 (125,000 cfs

to 155,000 cfs), RHC3 results in a higher dowstream peak because that

spill times more closely with the Salt spill. Figure 14 compares the

regulated SPF hydrographs for RHC1 and RHC3 at Granite Reef. The

operation of the system elements during the synthetic flood simulation

may result in apparent incongruities in downstream flow. Different

reservoir system objectives and resulting operational plans would

produce different downstream flow.

The simulated frequency discharges at CP-40 were plotted at the same

frequency as inflow (SPF plotting position = .005) on log frequency paper, and

smooth curves were constructed through the data, using the greater of Combined

Coincident Component or Station Inflow peaks as guides. The resulting

discharge frequency curves of reservoir outflow plus coincident local runoff

are shown on plates 8-11 and labeled as Phase 1 results. Non-coincident local

flow is also shown on these plates and a discussion pertaining to Phase 2 ­

the combination of Phase 1 and non-coincident local flow - is included in

section 2.04. Plates 8-11 show examples of Balanced Hydrograph and SPF

simulations for systems RHA1, RHB1, RHC1, and RHD1.
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c. Flood Control at Horseshoe versus Bartlett: Analysis of alternative

systems RH's vs. RB's resulted in no apparent advantage in flood reduction by

choosing one site over the other. Any preference, then, should be based on

costs, or socio-environmental reasons, etc., which support the selection of

one site.

d. Reservoir Routing Criteria: No actual designs were currently

available for modified Horseshoe and/or Bartlett Dams. Thus, performance

criteria were built-in to the alternative systems to enable flood control

simulation to be completed. Elevation-capacity information was based upon

data used for the previous study, discussed in the May 1982 CAWCS Hydrology.

The data used for the sites is presented in the following table. No surface

area information is listed since no evaporation computations were made during

simulation of flood events.
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Table 13. Elevation-Capacity Data for Verde River Alternative Sites.

Horseshoe Dam Site Bartlett Dam Site

Location Location
of of

Elevation Spillway Capacity Elevation Spillway Capacity
(NGVD) Crest (Ac. Ft.) (NGVD) Crest (Ac. Ft.)

1930 0 1610 0
1940 3,000 1650 1,237
1960 14,000 1680 10,642
1980 37,000 1700 21 ,452
2000 63,000 1725 42,251
2020 119,000 1748 72,073
2026 (Existing) 131,427 1760 91,808
2040 170,000 1770 110,848
2050 200,000 1780 132,439
2060 (RHA) 231,427 1786 146,606
2070 270,000 1790 156,642
2085 (RHB) 331,427 1792 161,842
2094 380,000 1794 167,166
2103 (RHC) 431,427 1796 172,616
2116 520,000 1798 (Existing) 178,186
2125 (RHD) 596,427 1830 (RBA) 278,186

1855 (RBB) 378, 186
1875 (RBC) 478,186
1900 (RBD) 643,186

{::-.:...;-., :~

,<;}..."
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Verde River reservoir releases were made according to the following schedule:

- Below Top-of-Conservation Pool (Normal Water Surface - NWS)

no release during flood simulation

- Above NWS, Below Spillway Crest

release less than or equal to flood outlets*, depending on reservoir

level, local runoff, and target discharge.

- At Spillway Crest

outflow = inflow, until inflow less than flood outlet capacity, at that

time flood outlet resumes release according to criteria previously

described.

Setting outflow = inflow above the spillway crest ensured that each

proposed alternative was evaluated on an equal basis, and that downstream

flows for actual spillway designs would be less than or equal to those

resulting from this analysis. The Roosevelt Dam element was operated in a

similar manner, except that (1) the spillway design from Plan 6/Plan 9 was

used to route flows when the spillway crest was equalled or exceeded, and (2)

the only flood outlet evaluated was 25,000 cfs (release less than or equal to

25,000 cfs throughout the flood pool), which was taken from Plan 6/Plan 9

also.

Ensuing Reservoir releases were routed downstream to the Salt-Verde

Confluence (CP-40) using criteria described in table 8, CAWCS Hydrology, and

combined with simultaneous local inflow from the area downstream of the flood

control sites.

*flood outlets = 25,000 cfs (1), 60,000 cfs (2), or 1UO,000 cfs (3) throughout
this range.
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2-04. LOCAL INFLOW ANALYSIS

Non-coincident local flows downstream of the proposed flood control sites

were analyzed in the same manner as in the CAWCS Hydrology and described

therein on pages 27-29. An example of the development of with project

discharge frequency relationships, including non-coincident local runoff is

shown on plates 12a through l2c. Total uncontrolled local runoff, both

coincident and non-coincident, is compared to the Phase 1 runoff (u/s

reservoir release + coincident local flow) on plate 12a. The minimum flow at

the Salt-Verde confluence is the greater of Phase runoff or the total local

flow. As discussed in reference 1, this is based on a very restrictive

criteria, that all local flow and Phase 1 flow occur in the same water year

and even the same flood. Thus these events are Dependent - the occurrence of

one always is accompanied by or results in the occurrence of the other. The

other most extreme possibility - the maximum flow at the Salt-Verde confluence

- results when the Phase 1 runoff and local flow never occur at the same

time. Thus, the occurrence of one event has no bearing on the occurrence of

the other, and the events are Independent. A simplified procedure for

determining the frequency of Independent events follows:

a flow of 55,000 cfs at the confluence of the Salt and Verde Rivers

will be equalled or exceeded 0.9 times per lOa-years for Phase 1 flows

the same flow will be equalled or exceeded 2.2 times per lOa-years for

local flow
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since these flows are Independent (never occurring simultaneously) the

total number of times 55,000 cfs is equalled or exceeded per 100-years

is thus 3.1 times, the sum of each Independent occurrence.

the probability of the range of flows can be determined in the same

manner

Plate 12b compares the Dependent and Independent extremes for RHD1. Since

some of the total uncontrolled local flows are included in Phase 1 runoff, the

Phase 2 final with project discharge frequency curve must be less than the

Independent results. However, since these local flows are not always included

in or simultaneous with an upstream flood control release or spill, the Phase

2 curve must be greater than the Dependent results. A concensus discharge

frequency curve for the RHD1 example (in which local flow has the most

profound effect) is shown on plate 12c and labeled Phase 2.

In general, local inflow has the most impact on the alternatives which

reduced the upstream releases the most, i.e., RHC' and RHD' systems. Plates

13 through 16 show the increasing impact of local flow on final frequency

discharge relationships at CP-40 as the project level of protection

increases. For comparison purposes, a table of target 100-year peak flows and

100-year peak flows including local flow is included for the Salt-Verde

Confluence.
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Table 14. Impact of Local Uncontrolled Inflow on 100-year Peak Discharge,
Salt River Below Verde River, CP-40. (all flows in cfs).

Alternati ve RHAl RHA2 RHA3 RHBl RHB2 RHB3 RHCl RHC2 RHC3 RHDl RHD2 RHD3
System

100-year
Upstream 140,000 125,000 125,000 105,000 100,000 100,000 65,000 65,000 65,000 40,000 40,000 40,000
Release

100-year
U/S + 140,000 125,000 125,000 110,000 105,000 105,000 85,000 85,000 85,000 85,000 85,000 85,000
local,
Flow

+' %Increase 0 0 0 4.8 5 5 30.8 30.8 30.8 112 112 112
OJ

;..*,of.''"':.~'',..~ ;'.
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The smallest achievable 100-year peak flow at CP-40 is 85,000 cfs when

non-coincident local flow is included--the 100-year peak local inflow to CP-40

is 73,000 cfs.

The impact of local runoff on with project flows in the Salt River

decreases for increasing magnitude floods, and for increasing distance down­

stream (see pIs. 17 through 24 for comparisons). At the airport (CP-ll0) the

minimum 100-year with project peak flow, including local runoff, was reduced

to 60,000 cfs, and the 100-year peak local inflow decreased to 42,000 cfs.

Here the maximum impact of local flow (RHD' systems) is 53.8 percent--the

regulated peak flow of 39,000 cfs increased to 60,000 cfs including local

flow. Above the Salt-Gila Confluence (CP-113) the 100-year peak local inflow

is 32,000 cfs, and the minimum regulated 100-year peak flow (regulated plus

non-coincident local flow) is 34,000 cfs. The minimum combined peak flow is

50,000 cfs at this point, and the maximum impact of local flow is 47.1

percent. The decrease in influence of local inflow is due to the separable

method of analysis implemented to evaluate the effects of non-coincident

uncontrolled tributary inflow on upstream flood control releases. That method

was selected because the flows themselves were separate by definition. Thus,

upstream reservoir releases and coincident local flow were routed from point­

to-point along the Salt River (Granite Reef Dam, CP-8, to the Tempe

Bridge/Airport, CP-ll0, to the Gila River, CP-113); likewise non-coincident

local flow had been routed separately from point-to-point along the Salt River

(Appendix 1, May 1982 CAWCS Hydrology). Because the volume of local flow is
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much less than that of the upstream releases, the attenuation of local flows

is much greater, and consequently, the influence of local flow decreases in

the downstream direction.

2-05. CHANNEL ROUTING

2-05.1 Salt River, Granite Reef to Gila River

Channel routing relationships (percolation, and storage vs. discharge at

normal depth), based upon Salt River available topography were developed

during the previous CAWCS study. These parameters are shown in the CAWCS

Hydrology, table 9. Results of simulated flood routings for existing

conditions, based upon an HEC-5 model incorporating these table 9 parameters

were collected for each of the 39 events (spills over Granite Reef to the Salt

River) analyzed in that study. Peak flow rates for each simulated event were
" ,"

plotted in pairs, inflow to Granite Reef (CP-8) vs. flow at downstream

location, e.g. Tempe Bridge/Airport (CP-110). Then best-fit curves were

constructed through the data points (pls. 25 and 26). These curves

represented the attenuation resulting from the storage routing of a variety of

hydrograph shapes and magnitudes. The use of these curves to route project

alternative releases should produce attenuations that are similar to what

would have resulted using the channel parameters developed for the previous

study. Thus, the peak flows from Balanced Hydrographs of upstream releases

plus coincident local flow at Granite Reef Dam (CP-8) were routed downstream

to CP-110, and then CP-113 using these curves.
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Non-coincident local flows had previously been developed for these same

concentration points. The two separate components of downstream peak flow

were then combined probabilistically at each of these 3 locations as discussed

in the CAWCS Hydrology, section 8-05 "Project Conditions (stage III)" pages

27-29. The following tables contain the cumulative discharge frequency

relatinships defining all flow conditions for the Salt River below the Salt­

Verde Confluence (CP-40) and above the Gila River Confluence (CP-113) based

upon Plan 9 as well as the Cliff alternatives. The final results for the Salt

River at Skyharbor Airport (CP-110) were provided in table 1.
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Table 15. Discharge Frequency Values For Project Alternatives in cfs. (2)

100-Year(1) Frequency, Years: Salt River below Verde River (CP-40)

Minimum
Alternative Target 5 10 20 50 100 200 500

PLAN 9 NONE 45000 85000 115000 145000 175000 210000 275000

RHA 1.
RHB 1.
RHC 1.
RHD 1.

RHA2.
RHB2.
RHC2.
RHD2.

RHA3.
RHB3.
RHC3.
RHD3.

*90000
80000
45000
40000

110000
70000
45000
40000

110000
70000
45000
40000

45000
45000
45000
40000

45000
45000
45000
40000

45000
45000
45000
40000

55000
55000
45000
40000

85000
70000
45000
40000

85000
70000
45000
40000

70000
65000
45000
40000

98000
70000
45000
40000

110000
70000
45000
40000

100000
85000
65000
62000

110000
80000
65000
62000

110000
80000
65000
62000

140000
110000
85000
85000

125000
105000
85000
85000

125000
105000
85000
85000

190000
150000
120000
120000

160000
140000
120000
120000

150000
140000
120000
120000

275000
225000
200000
200000

275000
240000
200000
200000

275000
240000
200000
200000

NOTE: Targets were set to make maximum use of available flood control space
without spilling; "RHA1" spilled during the 100-year flood even with
continuous outflow of 25,000 cfs.

DEFINITIONS: RH = Roosevelt "Plan 9" element and Horseshoe element
A = 100,000 Ac. Ft. of Flood Control on the Verde River
B = 200,000 Ac. Ft. of Flood Control on the Verde River
C = 300,000 Ac. Ft. of Flood Control on the Verde River
D = 465,000 Ac. Ft. of Flood Control on the Verde River

1 = 25,000 cfs Flood Outlet, Verde element
2 = 60,000 cfs Flood Outlet, Verde element
3 = 100,000 cfs Flood Outlet, Verde element

*

UIS Release + Contemporaneous Local Flow at Salt-Verde
Confluence.
Includes Uncontrolled Local Runoff Non-Coincident wi UIS
Release.
This target produced minimum flow, but was not achieved.
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Table 16. Discharge Frequency Values For Project Alternatives (in cfs). (2)

100-Year(1) Frequency, Years: Salt River above Gila River (CP-113)

Minimum
Alternative Target 5 10 20 50 100 200 500

PLAN 9 NONE 40000 75000 110000 125000 150000 185000 240000

RHA 1.
RHB1.
RHC 1.
RHD 1.

RHA2.
RHB2.
RHC2.
RHD2.

RHA3.
RHB3.
RHC3.
RHD3.

*90000
80000
45000
40000

110000
70000
45000
40000

110000
70000
45000
40000

40000
40000
40000
34000

40000
40000
40000
34000

40000
40000
40000
34000

46000
46000
40000
34000

75000
62000
40000
34000

75000
62000
40000
34000

56000
56000
40000
34000

86000
62000
40000
34000

100000
62000
40000
34000

90000
70000
40000
34000

98000
65000
40000
34000

100000
65000
40000
34000

125000
94000
60000
50000

110000
90000
60000
50000

110000
90000
60000
50000

170000
135000
105000
100000

140000
125000
105000
100000

140000
125000
105000
100000

240000
200000
180000
180000

240000
210000
180000
180000

240000
240000
180000
180000

NOTE: Targets were set to make maximum use of available flood control space
without spilling; "RHA1" spilled during the 100-year flood even with
continuous outflow of 25,000 cfs.

DEFINITIONS: RH = Roosevelt "Plan 9" element and Horseshoe element
A = 100,000 Ac. Ft. of Flood Control on the Verde River
B = 200,000 Ac. Ft. of Flood Control on the Verde River
C = 300,000 Ac. Ft. of Flood Control on the Verde River
D = 465,000 Ac. Ft. of Flood Control on the Verde River

1 = 25,000 cfs Flood Outlet, Verde element
2 = 60,000 cfs Flood Outlet, Verde element
3 = 100,000 cfs Flood Outlet, Verde element

(1)

(2)

*

UIS Release + Contemporaneous Local Flow at Salt-Verde
Confluence.
Includes Uncontrolled Local Runoff Non-Coincident wi UIS
Release.
This target produced minimum flow, but was not achieved.
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To show transition points for project alternatives discharge freqeuncy

relationships, table 17 presents the frequency at which target discharges are

actually exceeded--referred to as level of protection--at locations CP-40,

CP-ll0, and CP-113 for each project alternative. The impact of local

uncontrolled runoff as stated previuosly, diminished in the downstream

direction. This is evident by the increase in "protection" at CP's-110, and

113 compared to CP-40.

Table 17. Level of Protection for Project Alternatives(l)

lOa-Year Salt R. Salt R. Salt R.
Minimum below @ @

Alternati ve Target Verde R. Tempe Br. Mouth
(CFS) (CP-40) (CP-110) (CP-113)

PLANg NONE NA NA NA
,.' -.
i' --
\_--

RHA 1. gOOOO( 110K) (2) 59-yr. 67-yr. 71-YR.
RHB 1. 80000 40-yr. 56-yr. 67-yr.
RHC 1. 45000 25-yr. 67-yr. 71-yr.
RHD1. 40000 22-yr. 71-yr. 83-yr.

RHA2. 110000 50-yr. 71-yr. lOa-yr.
RHB2. 70000 33-yr. 40-yr. 59-yr.
RHC2. 45000 25-yr. 67-yr. 71-yr.
RHD2. 40000 22-yr. 71-yr. 83-yr.

RHA3. 110000 50-yr. 71-yr. lOa-yr.
RHB3. 70000 33-yr. 40-yr. 59-yr.
RHC3. 45000 25-yr. 67-yr. 71-yr.
RHD3. 40000 22-yr. 71-yr. 83-yr.

(1) Level of protection indicates the frequency at which the target
discharge is equaled or exceeded.

(2) Special Case: To minimize the 100-yr flood releases, 90K cfs was used
as a target, although a spill occurred on the Verde side. For
Comparison purposes 110K cfs is used as a target discharge for
exceedance frequency.

--'
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2-05.2 Gila R~ver, Salt River Confluence to Gillespie Dam. Gila River

frequency discharges were produced in a similar manner to that used in

determining proj ect discharges in the CAWCS Hydrology, section 8-05, "Proj ect

Conditions (Stage III)", pages 30-31. As discussed in that section, the

discharges for the Gila River below the Salt for each project, QLower Gila'

are equal to the discharge in the lower Gila without the project, ~ower Gila'

minus the decrease in Salt River flow at CP-113 due to the project,6. QSalt.

This relationship has been shown to be a valid representation of the

systematic adjustments resulting from proposed projects (see pIs. 17a and 17b,

CAWCS Hydrology, for basis), and is probabilistically stated as follows:

where Pri = given probability.

An example of the use of this relationship is shown in table 18.

Table 18. Example with Project Adjustment to Lower Gila River
Discharge Frequency Relationship, Gila River below
Salt River for Plan 9.

PR FREQUENCY ~o~er ?ila
6 Q

SALy Q{o~er ?ila( %) (YRS) CFS (CFS CFS

0.2 500 360,000 70,000 290,000
0.5 200 295,000 65,000 230,000
1.0 100 250, -00 3'1,000 215,000
2.0 50 200,000 20,000 180,000
5.0 20 135,000 25,000 110,000

10.0 10 95,000 10,000 85,000
20.0 5 40,000 0 40,000
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The with project discharge data points computed using the equation for

Q'(Pri)Lower Gila were then plotted on log-probability paper and a smooth

curve fit to these data using the without project frequency relationship at

this location and the with project frequency relationship for the Salt River

above the Gila River as guides.

Frequency discharges for the succeeding downstream location of interest,

the Gila River at Gillespie Dam (CP-1218), were determined by routing the peak

frequency discharges computed at CP-1310, downstream, using a routing curve

derived from simulated peak discharges from the previous CAWCS Hydrology

(pl. 27). Those simulated peak discharges had been computed using continuity

or hydrologic routing procedures, incorporated into an HEC-5 model of the Gila

River basin. Rather than route hydrographs downstream to determine attenuation,

the previous frequency discharges for each Gila River 'CP' were plotted as

dependent (downstream, CP-1218) and independent (upstream, CP-1310) variables.

The reason discrete flood hydrographs were not routed downstream for each

frequency is that there are no composite frequency hydrographs available which

have all the characteristics of the upstream with project runoff. The actual

population of Gila River flood flows includes the following.

- Salt River reservoir releases.

- Coincident local uncontrolled inflow above the Gila River on the Salt.

- Non-coincident local uncontrolled inflow above the Gila River on the

Salt.

- Gila River mainstem flows: spill/release at Coolidge Dam and/or San

Pedro flood flows and/or Santa Cruz flood flows and/or flow in Gila

downstream of Coolidge and/or Agua Fria flows.
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Since no single hypothetical flood hydrograph can retain all these

permutations in flow sources and types, routing of peak frequency discharges

to the next downstream location of interest, based upon the entire period-of­

record simulations, was the best substitute. Gila River with project

frequency discharges appear in tables 19 and 20 which follow, and examples are

shown on plates 28 through 35.
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Table 19. Discharge Frequency Values For Project Alternatives (in cfs). (2)

Frequency, Years: Gila River below Salt River (CP-1310)100-Year(n
Minimum

Alternative Target 5 10 20 50 100 200 500

PLAN 9

RHA 1.
RHB 1.
RHC 1.
RHD 1.

RHA2.
RHB2.
RHC2.
RHD2.

RHA3.
RHB3.
RHC3.
RHD3.

NONE

*90000
80000
45000
40000

110000
70000
45000
40000

110000
70000
45000
40000

40000

40000
40000
40000
38000

40000
40000
40000
38000

40000
40000
40000
38000

85000

55000
55000
50000
44000

85000
72000
50000
44000

85000
72000
50000
44000

120000

80000
78000
50000
44000

105000
72000
50000
44000

120000
72000
50000
44000

175000

140000
130000
90000
90000

150000
120000
90000
90000

155000
120000
90000
90000

210000

190000
165000
130000
120000

175000
155000
1.30000
120000

170000
155000
130000
120000

240000

230000
200000
165000
155000

200000
200000
170000
155000

200000
200000
165000
155000

290000

290000
250000
230000
230000

290000
260000
230000
230000

290000
260000
230000
230000

NOTE: Targets were set to make maximum use of available flood control space
without spilling; "RHA1" spilled during the 100-year flood even with
continuous outflow of 25,000 cfs.

DEFINITIONS: RH = Roosevelt "Plan 9" element and Horseshoe element
A = 100,000 Ac. Ft. of Flood Control on the Verde River
B = 200,000 Ac. Ft. of Flood Control on the Verde River
C = 300,000 Ac. Ft. of Flood Control on the Verde River
D = 465,000 Ac. Ft. of Flood Control on the Verde River

1 = 25,000 cfs Flood Outlet, Verde element
2 = 60,000 cfs Flood Outlet, Verde element
3 = 100,000 cfs Flood Outlet, Verde element

(n

(2 )

*

UIS Release + Contemporaneous Local Flow at Salt-Verde
Confluence.
Inqludes Uncontrolled Local Runoff Non-Coincident wi UIS
Release.
This target produced minimum flow, but was not achieved.
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Table 20. Discharge Frequency Values For Project Alternatives (in cfs). (2)

100-Year( 1) Frequency, Years: Gila River at Gillespie Dam (CP-1218)

Minimum
Alternati ve Target 5 10 20 50 100 200 500

PLAN 9 NONE 37000 72000 110000 160000 190000 225000 270000

RHA 1. *90000 37000 50000 70000 130000 175000 210000 270000
RHB 1. 80000 37000 50000 65000 115000 150000 180000 230000
RHC 1. 45000 37000 46000 46000 90000 120000 160000 215000
RHD 1. 40000 35000 40000 40000 80000 110000 150000 215000

RHA2. 110000 37000 72000 95000 135000 160000 190000 270000
RHB2. 70000 37000 66000 66000 110000 140000 170000 240000
RHC2. 45000 37000 46000 46000 90000 120000 160000 215000
RHD2. 40000 35000 40000 40000 80000 110000 150000 215000

RHA3. 110000 37000 72000 105000 140000 155000 180000 270000
RHB3. 70000 37000 66000 66000 110000 140000 170000 240000
RHC3. 45000 37000 46000 46000 90000 120000 160000 215000
RHD3. 40000 35000 40000 40000 80000 110000 150000 215000

NOTE: Targets were set to make maximum use of available flood control space
with out spilling; "RHA1" spilled during the lOa-year flood even with
continuous outflow of 25,000 cfs.

DEFINITIONS: RH = Roosevelt "Plan 9" element and Horseshoe element
A = 100,000 Ac. Ft. of Flood Control on the Verde River
B = 200,000 Ac. Ft. of Flood Control on the Verde River
C = 300,000 Ac. Ft. of Flood Control on the Verde River
D = 465,000 Ac. Ft. of Flood Control on the Verde River

1 = 25,000 cfs Flood Outlet, Verde element
2 = 60,000 cfs Flood Outlet, Verde element
3 = 100,000 cfs Flood Outlet, Verde element

(1) UIS Release + Contemporaneous Local Flow at Salt-Verde
Confl uence .

(2) Includes Uncontrolled Local Runoff Non-Coincident wi UIS
Release.

* This target produced minimum flow, but was not achieved.
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III. SUMMARY AND CONCLUSIONS

3-01. SUMMARY

Plan 9, flood control at Roosevelt Dam only, has been authorized, and its

impact on downstream flooding in Maricopa County was evaluated in this

report. In addition, flood control alternatives for two Verde River sites--

Horseshoe and Bartlett Dams--have been investigated for a matrix of 4 storage

and 3 outlet combinations. The resulting 24 systems, incorporating Plan 9

along with a Verde River element, were analyzed as alternatives to the Plan 6

which included Cliff Dam. The goal of the various alternative systems was to

minimize the 100-year peak flow in the Salt River without spilling--in other

words, to maximize the use of the available flood pool allocations during a

100-year event. A discrete analysis was made using balanced hydrographs of

500-, 200-, 100-, 50-, 20-, 10-, and 5-year frequency. Uncontrolled local

runoff was combined probabilistically with upstream reservoir releases, and

peak attenuation relationships for channel conditions prior to the February

1980 flood were used to route the peak flows downstream. Local non-coincident

runoff and upstream releases were routed separately. Plates 36 through 47

compare final project alternative discharge frequency curves to Plan 9 for

RHA1, RHB1, RHC1, and RHDl at CP's -40, -110, and -113, on the Salt River.

Gila River peak flow rates were determined by dividing the lower Gila River

flow into two components--Salt River inflow, and Gila River above the Salt

inflow (upper Gila River flow). For each discrete frequency described above,

the reduction in Salt River inflow due to the various systems was subtracted

from the lower Gila River peak flow; the upper Gila River flow remained

unaltered by proposed projects on the Salt and Verde Rivers. Finally, the
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lower Gila River with project peak flows were routed to Gillespie Dam using

results of previous flood routings, since frequency hydrographs encompassing

all the characteristics of runoff at the upstream location were not available.

3-02. CONCLUSIONS

Local uncontrolled runoff (100-year peak at airport = 41,000 cfs) has a

significant impact on downstream runoff in the Salt River for large, remotely­

located upstream flood control projects which attempt to limit peak runoff in

the Salt River through the City of Phoenix to small quantities, i.e., less

than 80,000 cfs. For example, two alternative systems, one with Plan 9

Roosevelt plus 300,000 ac. ft. of flood space on the Verde (RHC's), the other

with Plan 9 Roosevelt plus 465,000 ac. ft. of flood space on the Verde

(RHD's), were able to control the 100-year Salt-Verde reservoir inflow to

60,000 cfs and 39,000 cfs, respectively, at the Salt River near the airport.

However, combination of these regulated flows with non-coincident local runoff

resulted in 100-year peak flows of 70,000 cfs and 60,000 cfs at this location,

increases of 17 percent for the large storage allocation and 54 percent for

the smaller. ThUS, relocation benefits which might be made available by

shrinking the 100-year floodplain, may be unachievable, because of the

uncontrolled local inflow.

In addition, the increased floodway capacity resulting from local

initiatives has decreased the amount of damage for flows less than the newly

constructed bridge capacities (+180,000 cfs), and may have changed the amount

of flood attenuation. Thus, it may no longer be efficient to attempt to

achieve large reductions in flow, using ever increasing Verde River storage:

e.g., for the previous example the Verde element of RHC' plans have only
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64.5 percent of the allocated flood control space of RHD' plans, yet can

reduce the 100-year peak flow at the airport 82 percent from Plan 9 flows

(115,000 cfs) of the amount provided with the largest plan.

In addition, there is no benefit to what may be an increased cost in

either construction (for new flood outlets) or operation and maintenance (for

use of existing spillways), associated with large flood control outlets for

the Verde site. The 25,000 cfs outlet generally performs as well as the

60,000 cfs and 100,000 cfs outlets.

3-03. Adequacy of Results. Generally, this study was conducted in accordance

with data and procedures developed for the CAWCS Hydrology. Balanced

Hydrographs developed previously from 92 years of record were evaluated to

ensure that upstream inflows satisfied downstream constraints for both

"natural"--no SRP dams--and "existing"--SRP dams operated for water supply and

hydropower only--conditions. These inflow hydrographs were then routed

through the proposed systems. All data, such as local inflow, and routing

criteria for the Salt-Gila Rivers, was either developed for the previous

report, or based upon the results of that study. Plan 6 was compared to the

equivalent current system, RHD1, and found to achieve similar results. The

differences result from the changes in operating criteria:

- Plan 6 - Control SPF to 50,000 cfs.

- RHD1 - Minimize 100-year runoff (40,000 cfs).

To provide further validation of the results, the preferred plan should be

investigated using period-of-record data as well as redefined channel

conditions.
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INTRODUCTION

Purpose of Study

The U.S. Army Corps of Engineers, Los Angeles District, Hydraulics Section

requested that the U.S. Army Corps of Engineers, Sacramento District, Hydrology

Section perform a reconnaissance level overflow and floodway analysis of the

Salt and Gila Rivers between Granite Reef and Gillespie Dams. The results of

this study will be incorporated into the Bureau of Reclamation's "Study for

Flood Control - Alternatives to Cliff Dam",

The Bureau is seeking a suitable alternative to Orme Dam which was

strongly opposed for environmental reasons. Orme Dam was to store water for

Phoenix users and fo~ flood control on the Salt River. An alternative plan,

Plan 6, was selected which called for, among other projects, the construction

of Cliff Dam on the Verde River, a tributary of the Salt River. Cliff Dam,

however, also was opposed because of adverse impacts on nesting bald eagles of

the Sonoran Desert. The Bureau, therefore, is considering alternative to Cliff

Dam. Updated overflow and flood way boundaries from this study will be compared

with those of various flood control alternatives to evaluate potential

benefits.

Scope

Approximately 75 miles of river are modelled by 615 cross-sections, from

Granite Reef Dam on the Salt River downstream to Gillespie Dam on the Gila
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River. The wide floodplain of this reach is comprised of mostly sand, gravel,

cobble, and thick vegetation, and is susceptible to scour and sediment

deposition. Indeed, floodplain topography changes after flood flows are

conveyed. Levees protect urban Phoenix on both North and South banks of the

Salt River along a channelized downtown reach.

Resources

The Los Angeles District sent the Sacramento District seven roll of

reproducible maps, one roll of United States Geological Survey (USGS)

quadrangles, four HEC-2 computer models and their accompanying output, and a

list of changes to be incorporated into the models to reflect current

conditions. The HEC-2 models and reproducible maps, which span the entire 75­

mile reach, originated from previous Maricopa County Flood Insurance Studies by

the U.S. Army Corps of Engineers, Los Angeles District, and by two consulting

engineering firms for the Maricopa County Flood Control District.

General Procedure

Sacramento District revised the HEC-2 models to reflect current

conditions, interpreted the model output, then drew overflow and floodway

boundaries on blue lines which were copied from the reproducible maps. A

second 7-roll set of reproducible maps was copied from the first set. Finally,

after revising the overflow and floodway boundaries on the blue lines, the

2



overflow and floodway boundaries were carefully traced onto their respective

set of reproducible maps.

Following is a detailed description of both overflow and floodway models,

and a discussion of their implications. Numerous tables and figures enhance

the study description.
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OVERFLOW MODEL

Overflow Modelling Procedure

The first phase of the Salt-Gila River floodplain analysis was the

overflow analysis. In the analysis five subcritical water surface profiles

were computed by four HEC-2 overflow models (Figure 1).

Five water surface profiles were computed from 2S-year, 50-year, lOa-year,

200-year, and SaO-year flows developed by the Los Angeles District (Table 1).

Note the smaller flows at the downstream reaches because of the routing effect,

and the increase in flow at the Salt-Gila River confluence. Flows were assumed

to be identical at cross-sections within a given reach.

Beginning with the most downstream model, GILAOF, the water surface

profiles were computed by the standard-step method. The five starting water

surface elevations of GILAOF were the critical water surface elevations at

Gillespie Dam for the starting flows. The ending water surface elevations of

GILAOF became the starting water surface elevations of the next upstream model,

VERNOF. This "linking" process continued for upstream models SALTMOF and

USALTOF to yield five continuous water surface profiles up to Granite Reef Dam.

Model N-Values

The Manning n-values adopted for the overflow models were generally those

n-values used in previous Salt-Gila River Studies. GILAOF used n-values from a

1987 study by the consulting engineering firm Dames and Moore while VERNOF and
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Table 1

Flow-Frequency Values for Salt and Gila Rivers
Central Arizona Water Control Study (CAWCS) Plan 6, without Cliff Dam

Return Period

500-yr 200-yr 100-yr 50-yr 25-yr

Salt River

below confluence with
Verde River 310,000 245,000 185,000 150,000 120,000

at Gilbert Road 265,000 215,000 170,000 140,000 115,000

at Tempe Bridge 265,000 215,000 170,000 140,000 115,000

at Central Avenue 265,000 215,000 170,000 140,000 115,000

at 67th Avenue 260,000 210,000 165,000 135,000 110,000

above confluence with
Gila River 250,000 200,000 165,000 130,000 110,000

Gila River

below confluence with
Salt River 315,000 250,000 200,000 140,000 110,000

below confluence with
Waterman Wash 305,000 245,000 195,000 138,000 106,000

below confluence with
Hassayampa River 300,000 240,000 190,000 134,000 103,000

at Gillespie Dam 290,000 235,000 186,000 129,000 100,000

Note: These values were used to develop the overflows. Discharge-Frequency
values have since been revised.
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SALTOF used n-values from a 1984 Maricopa County flood insurance study.

Some channel n-values in VERNOF and SALTMOF were reduced to reflect channel

clearing. Some Manning n-values adopted for USALTOF were those used in a 1986

study by the consulting engineering firm Burgess and Niple, but many were not

adopted because the Burgess and Niple n-values were judged too low. Higher n­

values were subsequently chose. Manning n-values were coded predominantly on

NH records in GILAOF and USALTOF and predominantly on NC records in VERNOF and

SALTMOF. Table 2 compares average n-values from this reconnaissance study to

average n-values from four previous Salt-Gila River studies.

Kodel Cross-sections

Cross-sections in SALTMOF and USATOF were numbered according to their

river mile location while cross-sections in GILAOF and VERNOF were numbered by

some other system, a system developed by the original modelers. Table 3

compares the cross-section stationing of this reconnaissance study to the

cross-section stationing of an older Salt-Gila River study, the 1980 CAWCS

study. Cross-sections were numbered exclusively by river miles in the CAWCS

study. Note the 2.316 mile (39.116 mile - 36.8 mile) additional centerline

alignment of the Salt River for this reconnaissance study.

Most cross-sections were described by four or five-year-old digitized data

obtained from aerial surveys. Many cross-sections of VERNOF were described by

more points than the lOa-point maximum permitted by the HEC-2 program.

Therefore, modifications were made to the program to allow 300 points per

cross-section.
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Table 2

Comparison of Average N-Values (in thousandths)
Computed by Non-Weighted Averaging of All NC Records, Ignoring All NH Records

Channel Left Overbank Right Overbank

Reach A B C D E A B C D E A B C D E

Gillespie Dam to * ** * *
Arlington Road 40 45 30 35 50 50 35 50 50

Arlington Road to
Sal t-Gila River * ** * *
Confluence 45 45 30 50 50 43 48 50 43

Salt-Gila River
Confluence to * * *
Dobson Road 45 33 33 45 45 44 37 44 43

Dobson Road to * * *
Granite Reef Dam 46 31 33 50 34 38 35 32 38

A 1980 CAWCS
B 1987 Dames & Moore Study
C 1986 Durgess & Niple Study
D 1984 Maricopa County Flood Insurance Study ( FIS)
E 1987 Corps Reconnaissance Study (CRS)

* Not computed, see Reference 1

** Not computed, see Reference 2
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Table 3

Cross-Section Stationing
1987 CRS

vs
1980CAWCS

1987 CRS 1980 CAWCS
Reach Stationing Study Derived From Stationing

Gillespie Dam to
Bullard Avenue 45-386 1987 Dames & Moore

*
>64.1-100.0

Bullard Avenue to
115th Avenue 189.07-193.5 1984 Maricopa Cnty FrS

115th Avenue to **
Country Club Drive 0-28.358 1984 Maricopa Cnty FrS

**
>0-36.8

Country Club Drive to
Granite Reef Dam 28.358-39.116 1986 Burgess & Niple

* Gila river miles
** Salt river miles
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Model centerline Stationing

The centerline station for most cross-sections of GILAOF and USATOF was

arbitrarily chose as 10,000 feet while the centerline station for most cross­

sections of VERNOF was arbitrarily chosen as 20,000 feet. Model SALTMOF had a

centerline station of 20,000 feet up to cross-section 13.627 and 10,000 feet

thereafter. Some cross-sections near bridges and elsewhere had different

stationing and thus a centerline other than 10,000 feet or 20,000 feet.

Overflow Model Changes

Many changes were made to the four overflow models to reflect current

conditions in the Salt-Gila study reach (Table 4). Table 4 lists the physical

changes in the study reach and, to reflect those changes, lists the

corresponding model changes. The changes include channel clearing near the

Salt-Gila River confluence, new levees on the Salt and Gila Rivers, two new

bridges, channel excavation at one downtown Salt River reach, and filling low

ground at a South bank development.

Problems Encountered

Problems were encountered, as could be expected, over the long 75-mile

study reach. The major problem was the lack of compatibility between the

models digitized cross-sections and the maps' representation of those cross­

sections. The maps, having either 4-foot or 5-foot elevation contours, were

10



Table 4

List of Changes to Salt and Gila Rivers

Physical Change

North Bank Levee

1000-Foot-Wide
Channel Clearing

South Bank Levee

7th Ave Bridge

North Bank
Industrial
Development

Calmat Mining

1-10 Bridge

Denro South Bank
Development

Calmat North Bank
Levee

Location

113th Ave to 123rd Ave

91st Ave to Bullard Ave

35th Ave to 51st Ave

7th Ave

7th St to 16th St

16th St to 1-10

1-10

1-10 to Airport Levee

1-10 to Airport Levee

11

Mod el Change

X3 records added

Un" reduced to .03

X3 records added

SB record added

Un" reduced to .03

X3 records added,
GR elevations reduced

SB record added

Un" reduced to .03,
GR elevations raised

GR elevations raised



not nearly as detailed as the digitized data, which measured elevations to the

nearest tenth of a foot. Therefore, when plotting overflow inundation

boundaries by locating on the maps the water surface elevations from the HEC-2

output, some water surface topwidths from the HEC-2 output did not correspond

the topwidths plotted on the maps. This discrepancy in topwidths was generally

alleviated by either elimination non-effective flow areas (using ET or X3

records) for model topwidths greater than map topwidths, or by extending cross­

sections for model topwidths smaller than map topwidths. Many, but not all,

topwidth discrepancies were resolved.

For unexplained reasons, some cross-sections in the models were totally

different from their corresponding cross-section on the maps and were dealt

with as above. If the above adjustment did not reduce the topwidth

discrepancy, then the digitized cross-sections were assumed good and the map

contours assumed bad and, consequently, some map contours were ignored.

Another problem was that some HEC-2 output revealed overflow inundation

boundaries so wide that they could not be plotted on the existing maps.

Additional topography was needed to extend cross-sections and overflow

boundaries. USGS quadrangles were used to fill in missing floodplain areas,

allowing overflow boundaries a few miles wide to be drawn. The USGS

quadrangles, however, could not be easily spliced with the existing overflow

maps because they lacked detail. The USGS quadrangles contained few landmarks

to orient them adjacent to the existing overflow maps. The lO-foot elevation

contours did not match well with the 4-foot or 5-foot contours on the existing

maps. Still, the USGS quadrangles were added to the existing maps to complete

the drawing of overflow boundaries at wide floodplain areas.
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Overflow Maps

With the overflow inundation boundaries drawn on blue lines throughout the

75-mile Salt-Gila study reach, the only remaining task was to trace the

boundaries onto the seven rolls of reproducible overflow maps. All maps had a

scale of one inch equal to 400 feet and, as mentioned earlier, either 4-foot or

5-foot contours, except for the USGS maps which had la-foot contours. Table 5

describes all maps used in the study.

Before tracing the overflow boundaries, overflow and floodway boundaries

from previous studies had to be erased from the reproducible maps first. The

cross-sections from the previous studies, however, were left on the maps since

their orientation did not change for this study. Small, insignificant islands

were not traced onto. the reproducible maps. Gila and Salt river miles were

labelled on the channels centerline at one-mile intervals. Finally, when two

or more overflow boundaries coincided, only the symbol for the boundary of the

rarer event was shown. For example, if the 500-year, 200-year, and lOa-year

overflow boundaries were indistinguishable, only the symbol for the 500-year

boundary was shown.

Overflow Results

The final overflow maps show some interesting results. While all five

flood events were generally contained, the lOa-year, 200-year, and 500-year

floods spread far into the floodplain at some locations. The 500-year flood,

as expected, exhibited the most severe breakouts.

13



Table 5

List of Salt and Gila River Topographic Maps

Reach

Gillespie Dam to
Arizona Highway 85

Arizona Highway 85 to
Bullard Avenue

Bullard Avenue to
115th Avenue

115th Avenue to
Central Avenue

Central Avenue to
Scottsdale Road

Scottsdale Road to
Country Club Drive

Country Club Drive to
Granite Reef Dam

Complete reach,
for extensions

Developed by

Kenney Aerial Mapping, 1984

Aerial Mapping Company, 1984

City of Phoenix, 1983

Arizona Dept of Trans, 1983

Arizona Dept of Trans, 1983

Kenney Aerial Mapping, 1984

U.S. Geological Survey

14

Features

1 in.=400 ft,
4-ft contours

1 in.=400 ft,
4-ft contours

1 in.=400 ft,
4-ft contours

1 in.=400 ft,
4-ft contours

1 in.=400 ft,
5-ft contours

1 in. =400 ft,
5-ft contours

1 in.=400 ft,
4-ft contours

1 in.=400 ft,
10-ft contours



One breakout occurred at about Salt River mile 33.2. A flow of about

11,000 cfs was estimated to be leaving the main flood channel, which conveyed

the remaining 254,000 cfs. The 11,000 cfs estimate came after reviewing the

HEC-2 flow distribution at Salt River mile 33.2.

The breakout water flowed Southwest into the Southern Salt River

Floodplain, inundating such roads as McDowell, McKellips, and Lehi. The water

was finally contained by a ridge after flowing more than 8,000 feet from the

Salt River main channel, sending water into Alma School Road at about river

mile 27.3. There, the water ponded and returned to the main flood channel.

Table 6 shows the computed water surface elevations of the main flood

channel and the overbank "channel" at five Salt River cross-sections. The

water surface elevations of the main channel were computed by the HEC-2 model

USATOF. The water surface elevations of the overbank "channel" were initially

computed by selecting five broad rectangular cross-sections approximately 3,500

feet apart, computing normal depth, and adding that depth to the invert

elevation for each of the five cross-sections (see computations in Figure 2).

These water surface elevations were later refined by specifying more detailed

cross-sections in a small HEC-2 computer model.

Another breakout of the SOO-year flow occurred just downstream of Mill

Avenue at about Salt River mile 21.7. To determine the breakout flow, a 0.3­

mile section of Hayden Road was assumed to act like a weir. This idealized

weir then was coded into a small HEC-2 model using the split flow option. The

output from this model showed a flow of about 8,000 cfs split into the Southern

Salt River Floodplain and about 257,000 cfs remained in the main channel.
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Table 6

500-Year Water Surface Elevations of Left Overbank and Main Channel
Salt River Miles 29.2 - 32.3

Previous Estimate
Left Overbank of Left Overbank Main Channel
Water Surface Water Surface Water Surface

Cross-Section Elevation Elevation Elevation

1 (river mile 29.2) 1225.26 1227.1 1223.86

2 (river mile 29.8) 1232.17 1231.1 1227.11

3 (river mile 30.5) 1238.71 1238.9 1236.83

4 (river mile 31.6) 1246. 19 1224.0 1246.50

5 (river mile 32.3) 1253.09 1253.3 1252.14
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Figure 2

Computation Of Overbank Water Surface Elevations
Salt River Miles 29.2-32.3

Cross-Section No.

1
2
3
4
5

Q = 11,000 cfs
n = 0.035

Length

5,000 ft
5,200 ft
6,800 ft
6,400 ft
3,800 ft

Approximate Slope

8/3700=0.00216
4/2400=0.00167
8/3500=0.00229
5/3000=0.00167
6/3000=0.00200

Invert

1226 ft
1230 ft
1238 ft
1243 ft
1252 ft

Normal Depth Calculations

5/3 1/2
Q = (1.49/n)by s

5/3 1/2
Y Oo/(1.49bs)

(For wide rectangular channels)

Section 1
5/3

y

Y
WSEL =

1/2
11000(0.035)/1.49(5000)(0.00216 )
1. 1 ft
1226 + 1.1 = 1227.1 ft

Section 2

Section 3

Section 4

Section 5

5/3
y 1. 216

y = 1. 1 ft
WSEL = 1230 + 1.1 1231. 1 ft

5/3
y .794

Y = .9 ft
WSEL = 1238 + 0.9 1238.9 ft

5/3
y 0.988

y = 1. 0 ft
WSEL = 1243 + 1.0 1244.0 ft

5/3
y 1. 520

Y =: 1.3 ft
WSEL = 1252 + 1.3 1253.3 ft
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10,000 feet into the southern Salt River Floodplain.

The breakout water flowed westerly, flanking a levee beginning at about

river mile 20.9 and inundating a South bank development by Denro, Ltd. The

water flowed until it ponded against Interstate 10 and funneled back into the

main flood channel at about river mile 16.9.

Table 7 shows the computed water surface elevations of the main flood

channel and of the overbank "channel" at five cross-sections. The water

surface elevations of the main channel were computed by the HEC-2 model SALTMOF

while the water surface elevations of the overbank "channel" were computed by

coding five overbank cross-sections into another small HEC-2 computer model.

At about Salt River mile 6.0 (near 67th Avenue), still another breakout of
SU.J' -1(O/,- I?

the SOO-year flow occurred. Water flowed south of Baseline Road and over
9(

High ~ound eventually

returned the water to the north side of Baseline Road around Salt River mile

4.S. (;"a-' A II.'

Other breakouts were determined over the 7S-mile Salt-Gila study reach but

are not discussed here. Instead, the reader is urged to review the Salt-Gila

overflow maps.
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Table 7

500-Year Water Surface Elevations of Left Overbank and Main Channel
Salt River Miles 17.909 - 20.913

Left Overbank Main Channel
Water Surface Water Surface

Cross-Section Elevation Elevation

17.909 1114.64 1113.45

18.682 1131. 66 1124.21

19.446 1136.98 1133.05

20.152 1137.98 1142.13

20.913 1148.66 1151. 06
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Floodway Modelling Procedure

The second phase of the Salt-Gila River floodplain analysis was the

floodway analysis. Like the overflow analysis t the 75-mile Salt-Gila study

reach was broken into four HEC-2 computer models. Beginning with the four

HEC-2 overflow models - GILAOF t VERNOF t SALTMOF t and USATOF t revisions were

made to obtain four floodway models. Each of the four floodway models was

further broken into four separate models t one for each of four flows t for a

total of 16 HEC-2 floodway models (Figure 3). These 16 floodway models

computed four floodway boundaries and their corresponding subcritical water

surface profiles for constant flows of 170 t OOO cfs t 130 t OOO cfs, 90,000 cfs,

and 55,000 cfs throughout the Salt-Gila study reach. Only one flow per model

could be used t otherwise, while individual water surface profiles would be

correct, the floodway tables would be incorrect because water surface profiles

of unlike flows would be compared.

Beginning with the 170,000 cfs downstream model, GILAFW1, two water

surface profiles were computed - a water surface profile of a natural,

unencroached floodplain, and a water surface profile of an encroached

floodplain. The water surface profile of the natural floodplain was computed

by the standard-step method first. GILAFW1 could then determine the floodway

boundaries and water surface profile of an encroached floodplain by reducing

conveyance equally from both sides of the floodplain until the water surface at

each cross-section had raised no more than one foot higher than the natural

20
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water surface. That algorithm is HEC-2 encroachment Method Four, the equal

conveyance reduction method with a one-foot target value.

The starting water surface elevation of GILAFW1 for the natural profile

was the critical water surface elevation at Gillespie Dam for a flow of 170,000

cfs. The starting water surface elevation of GILAFW1 for the flood way profile,

however, was assumed to be the target of one foot higher than the natural

starting water surface elevation. The ending water surface elevation of

GILAFW1 became the starting water surface elevation of the next upstream model,

VERNFW1. Like with the overflow models, this "linking" process continued with

the upstream models to yield a continuous flood way water surface profile up to

Granite Reef Dam.

A similar procedure was used with the 12 other floodway models to compute

water surface profiles of the three additional floodways having constant flows

of 130,000 cfs, 90,000 cfs, and 55,000 cfs.

Floodway Model Adjustments

A few adjustments to the floodway models were necessary to compute the

four floodways using encroachment Method Four. First, since Method Four dose

not allow encroachments in the channel portion of a floodplain, left and right

bank stations were artificially moved within about 100 feet of the channel

centerline at many cross-sections with wide channels, creating a narrower

channel and thus a wider portion of the floodplain that could be encroached.

More of the floodplain was available for achieving the desired one-foot water

surface increase.
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When the bank stations were artificially moved closer to the channel

centerline, Manning u-values for the left and right overbanks had more impact

on the composite n-value than the channel n-value at these cross-sections.

This of course, does not reflect the actual roughness at such cross-sections.

An NH record, therefore, was added to these cross-sections to simulate the

roughness of the original, unaltered cross-sections.

Finally, GR points and X3 records were eliminated from cross-section with

X3 records. GR points were deleted from either or both ends of these cross­

sections to eliminate the non-effective flow areas of the floodway models.

Method One encroachments could not be used to eliminate the non-effective flow

areas because they would apply only to the natural profiles and not also to the

floodway profiles. Therefore, the equal conveyance reduction of encroachment

Method Four would occur in non-effective flow areas, resulting in incorrect

HEC-2 floodway calculations. The X3 records also were eliminated, otherwise X3

encroachments would override the Method Four encroachments computed for the

four floodway profiles.

Two additional adjustments were made to the floodway models to refine the

floodway boundaries. One adjustment was to make the target value greater than

or less than one foot when the computed floodway water surface elevation far

from the one-foot target. The target value was made greater one for when the

computed floodway water surface elevation was less than one foot higher than

the natural water surface elevation, and was made less than one foot when the

computed floodway water surface elevation was greater than one foot higher.

Another adjustment was to use encroachment Method Five which, essentially, is

the same as encroachment Method Four except than an optimization procedure is

used.
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Problems Encountered

Problems also were encountered with the floodway models. Since the

floodway models were derived from the overflow models, the lack of

compatibility also existed between the models digitized cross-sections and the

maps representation of those cross-sections. For example, at some cross­

sections the left and right bank stations had values greater than the center

line value of 10,000 feet. This, of course, made no sense since the left bank

station should be less than 10,000 feet, and contradicted estimates of the bank

stations taken from the maps.

These unusual bank stations allowed the plotting of starting and ending

floodway stations greater than 10,000 feet and, consequently, floodway

boundaries that did not encompass the channel centerline. Upstream and

downstream floodway boundaries were used, and the floodway widths of the

problem cross-sections were used to help determine the floodway boundaries at

such problem cross-sections.

Another problem, as could be expected, was the inability to compute

floodway water surface elevations that were exactly one foot higher than the

natural water surface elevations. While many floodway water surface elevations

of the 75-mile Salt-Gila study reach did compute to within 0.1 feet of the one­

foot target rise, some others did not. This means that some areas outside the

computed floodway boundaries are less susceptible to flooding and other areas

are more susceptible.
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Floodway Maps

The four floodway boundaries were drawn on another set of blue lines made

from the same seven rolls of reproducible maps as were the overflow blue lines.

Some computed flood way starting and ending stations were ignored to permit the

drawing of continuous, smooth floodway boundaries. These floodway boundaries

were then traced onto the floodway set of reproducible maps. The lack of time

and money for this preliminary reconnaissance study prevented more refined

floodway boundaries from being computed.

Floodway Results

Contrary to the overflow inundation boundaries, the four floodway

inundation boundaries did not extend far into the Salt and Gila River

floodplains. The very nature of the floodway computations was to see how close

to the channel development could extend. Also, the maximum floodway flow of

170,000 cfs was much less than the maximum overflow flow of between 250,000 cfs

and 315,000 cfs.
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CONCLUSION

The U.S Army Corps of Engineers, Sacramento District performed a

reconnaissance level overflow and floodway analysis of the Salt and Gila Rivers

between Granite Reef and Gillespie Dams. The overflow analysis showed that

flows as rare as the SaO-year flow were generally contained, except at some

locations where the SaO-year flow spread extensively into the floodplain. The

overflow maps are reasonable compatible with overflow maps from previous u.S.

Army Corps of Engineers, Los Angeles District and Maricopa County Flood Control

District studies, and tend to show less extensive overflow boundaries.

The floodway analysis defined floodway boundaries for flows of 170,000

cfs, 130,000 cfs, 90,000 cfs, and 55,000 cfs. These boundaries were much

narrower than the overflow boundaries, and tended to be narrower than the

floodway boundaries from previous studies. Hopefully, the results from this

-reconnaissance study will be valuable in helping to identify economically

feasible flood control alternatives to Cliff Dam, if any.
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INTRODUCTION

This economic supplement presents a reconnaissance level

benefit analysis of flood control improvements on the Verde River

in Arizona. Specifically, flood control storage at two existing

darns, Horseshoe and Bartlett, were evaluated as an alternative to

Cliff Darn. Cliff was a proposed water supply and flood control

darn recommended by the Secretary of the Interior as one of four

structural elements in Central Arizona Water Control Study

(CAWCS) Plan 6. Cliff Darn became the subject of controversy

principally because of its potential adverse impacts on Sonoran

desert nesting bald eagles and their habitat. Increasing

opposition from a coalition of eleven national and local

environmental organizations resulted in an agreement being

reached between the Arizona Congressional delegation and the

environmental coalition eliminating funding for the study or

construction of Cliff Darn or similar water conservation storage

feature on the Verde River. The agreement further directed that

the U.S. Army Corps of Engineers will be requested to undertake

studies required to determine and identify appropriate flood

control measures on the Verde River.
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STUDY APPROACH

The economic analysis presented in this supplement was

conducted at a reconnaissance level. The purpose of the analysis

is to see if flood control measures could be justified on the

Verde River. The analysis assumes all other elements of CAWCS

Plan 6 are in place. Flood control improvements on the Verde are

evaluated last-added to the other elements in Plan 6.

The original analysis demonstrated that the location benefit

category was the most influential due to the size, location and

demand for floodway lands through the communities of Mesa, Tempe

and Phoenix. Consequently, much of the effort put forth in this

study was directed at providing a more accurate estimate of

location benefits. Additionally, a new analysis was conducted of

inundation damages and benefits due to the significant changes in

hydraulics and hydrology. This analysis made use of Salt River

Project's Land Use Model (LUM) in combination with a tax

assessor-based real estate information database, to develop the

inundation reduction data. For other categories of benefits,

updates were first made for price level changes then

modifications to existing flow-damage relationships were made to

account for the changes in hydrology. The analysis uses the

current Water Resource Council Discount Rate of 8 5/8% for all

benefit assessments and a period of analysis of 100 years.
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STUDY AREA

The economic study area encompasses the floodplain along the

Salt River from Granite Reef Dam to its confluence with the Gila

River and along the Gila River to Gillespie Dam. The original

flood control benefit analysis was performed by subdividing the

study area into nine economic reaches.

defined as follows:

The nine reaches are

Reach 1 - Granite Reef Dam to Country Club Rd.

Reach 2 - Country CI ub rd. to Pima Rd.

Reach 3 - Pima Rd. to 48th Street

Reach 4 - 48th Street to 1-10

Reach 5 - 1-10 to 35th Avenue

Reach 6 - 35th to the confluence wi t h the Gila River

Reach 7 - The confluence to 115th Ave.

Reach 8 - 115th Ave. to Old Route U.S. 80

Reach 9 - Old Route U.S. 80 to Gillespie Dam

The reaches for the current analysis remain the same with

the exception of the combination of reaches 7 through 9 into one

reach for damage analysis purposes.
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ALTERNATIVE EVALUATION

The Bureau of Reclamation requested the COE to evaluate 4

levels of flood control storage on the Verde River with three

flood outlets each. However, several alternatives cannot be

distinguished due to hydrologic considerations.

evaluated are:

The final plans

RHD - 465k acre feet storage with 25, 60 or lOOk outlet

RHC - 300k acre feet storage with 25, 60 or lOOk outlet

RHB2/3 - 200k acre feet st or age with 60 or lOOk outlet

RHBI - 200k acre feet storage with 25k outlet

RHA3 - lOOk acre feet storage with lOOk outlet

RHA2 - lOOk acre feet storage with 60k outlet

RHAI - lOOk acre feet st orage with 25k outlet

PREVIOUS STUDIES

Several previous flood control benefit assessments have been

conducted in the study area. Data from three of these studies is

used in this analysis. The Central Arizona Water Control Study

(CAWCS) examined all reasonable alternatives to provide

regulatory storage for the Central Arizona Project (CAP) water

and flood control along the Salt and Gila Rivers. The Corps of

Engineers participated in the study and was responsible for the

flood control planning and analysis.
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1981 and recommended CAWCS/Plan 6.

Two additional studies, completed in November 1986 and March

1987, evaluated the effects of changes in hydraulic conditions

demonstrated by the new FEMA Flood Insurance Maps. The first

paper explained the effects the changed conditions had on

inundation reduction benefits and made adjustments to the

original analysis for physical improvements such as larger

bridges and levee protection around Sky Harbor Airport. The

flow-damage relationships that resulted from these adjustments

are used in the current analysis for minor benefit categories.

The second work provided a thorough analysis of location benefits

including an in-depth estimation of expected property values

which is used in the current analysis.

OVERFLOW CHARACTERISTICS

The overflow analysis demonstrates that all five routed

flood events, the 25-year, 50-year, 100-year, 200-year and 500-

year were generally contained. Some breakouts do occur; the 500-

year naturally being the most severe. However, flood flows in

recent years have deepened the river channel. In addition, there

have been numerous levees, dikes, channels and bridges

constructed or modified to withstand large flows. Both of these

factors have resulted in a significant narrowing of floodplains

through metropolitan Phoenix.
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FLOOD CONTROL BENEFITS

The benefits of flood hazard reduction plans are based on a

careful analysis of the difference in the with and without

project conditions. The without project condition is the land

use and related conditions likely to occur under existing

improvements, laws, and policies. The with project condition is

the most likely condition expected to exist in the future if a

specific project is undertaken. The changes in the with and

without project condition are the benefits to the project.

Location Benefits

Location benefits occur when a reduction in the level of

flood risk makes it possible for a new activity to locate in the

floodplain. In this study location benefits occur only in land

freed for development, the acreage between the with and without

project floodways as defined by the current hydraulic analysis.

Methodology

To determine location benefits the market value of land

method was used. The market value method assumes the value of

property will increase by an amount equivalent to the increase in

net income. To determine market values, local appraisers were

contacted and provided land values for similar developable sites
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rendered out of the floadway. Care was taken to obtain values of

similar unimproved areas lacking infrastructure. These values

were then compared to recent sales information from Maricopa

County. Current fair market value of floodway land ($5,000 per

acre) was also provided by the Assessor. The difference between

developable land and floodway land values is the net increase per

acre.

Adjustments to the net increase per acre must be made to

calculate the location benefit. First, all without project

floodway acreage is assumed to remain in the FEMA designated 100

year floodplain. Since development in floodplains is precluded

by FEMA regulations unless the development is elevated on fill

above the 100-year water level, the cost of fill must be

subtracted from the net increase per acre. Additionally, since

removal of floodway restrictions induces development into

floodplains and since location benefits hinge on the assumption

that land values capitalize expected flood damages, the expected

flood damages from the induced development must also be

subtracted.

To evaluate the effects of alternate plans, location

benefits were analyzed for four floodways including the without

project 170,000 cis. A location benefit - 100-year discharge

curve was produced (figure 3) using discharge at the Tempe Bridge

as a reference point. Location benefits were then determined by
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comparing the plan's 100-year discharge at the Tempe Bridge to

the benefit curve.

Conclusions

In many areas, the change in with and without project

floodways did not produce areas large enough for development to

take place. Location benefits were not claimed in ribbons of

land less than 150 feet wide since their size precludes

development. Additionally, parcel by parcel evaluations of all

land free for development was not possible. Fill requirements or

topographical constraints may make certain areas impossible to

develop efficiently. Location benefits are summarized by reach

in Table 2.

The location benefits analysis indicates there are

considerably less location benefits than were estimated in the

1987 analysis. The decrease in location benefits result from

four factors:

1) The inclusion of ADOT's proposed Tempe channel between

Mill Avenue and 1-10 eliminates significant vacant land

previously claimed for location benefits. The channel is

expected to be completed before 1995 (project year one) allowing

these areas to develop regardless of any flood control storage on

the Verde River. This change reduces annual benefits
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approximately $1,400,000.

2) The previous analysis misidentified the boundary of the

Salt River Indian Reservation and included location benefits on

the reservation. Because the tribe has no legal requirement to

follow FEMA land restrictions and because ample flood free land

exists on the reservation, these benefits can not be claimed.

This change reduces annual benefits approximately $1,500,000.

3) Demand for floodway areas in all parts of Reach 7

(confluence with the Gila River to 115th Ave) cannot be

demonstrated at the present time. Although the Phoenix area is

experiencing rapid development, the cost of fill requirements in

this area would make any land value increase negligible at

present.

$500,000.

This change reduces annual benefits approximately

4) Differences in the land available for development

between the Corps generated floodway and the Maricopa County

floodways used for the March 1987 analysis result in a decrease

in higher valued devlopable land. Although the net difference in

developable lands is not substantial, the Maricopa County

floodways tend to place the larger openings of land in areas

where the zoning is more favorable to development. An example

would be the area around the 9Ist Street sewage treatment plant.

The Maricopa County floodways show an area of land opening for

development on the north side of the river, where the zoning is

9



low-density residential. The COE floodways show a similar parcel

opening on the south side of the river. This land is on the Gila

There

River Indian Reservation and not subject to location benefits.

The net effect in the overall change in floodways is a reduction

of approximately $600,000 in location benefits.

Inundation Reduction Benefits

Inundation reduction benefits result from reducing flood

losses to activities which would use the floodplain without any

plan. Inundation reduction benefits are measured as the

reduction in the amount of flood damages or related costs.

are two general sub-categories of benefits under inundation

reduction: General Property Inventory Benefits (where benefits

depend on property inventory and hydraulic information) and

Specific Case Benefits (where benefit information requires an in­

depth analysis and additional information).

General Property Inventory Benefits

Inundation Reduction benefits were reanalyzed for this

study. The analysis made use of the Salt River Project's Land

Use Model (LUM). Land and improvement values were estimated by

the LUM for the five flood inundation areas, form Granite Reef

Dam to 180th Avenue. Input variables included tax assessor data

purchased from the TRW Real Estate Information Services Division,
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land use acreage estimated by the LUM, and flood inundation

boundaries provided by the CaE.

Outlines of the five flood inundation areas were transferred

to a form LUM could recognize:

The 25, SO, 100, 200 and 500 year flood limits,

determined by the CaE, were color-coded on topographical maps.

A series of LUM coordinates, forming a polygon for each

of the flood areas within the LUM boundaries, was manually

identified from the topographical maps and input to a file.

The five flood polygons enabled the LUM to extract

information from within the boundaries of each poly/flood area.

Tax assessed land and improvement values were separated into

98 improvement values were separated into 98 improvement

codes. These 98 codes were aggregated into 11 major land use

codes corresponding to the 11 major LUM land use classes:

-low-density residential

-medium-density residential

-high-density residential

-mobile homes

-low-density commercial

-medium-density commercial

-high-density commercial

-light industrial

-general industrial

-vacant available/agriculture
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A problem arose with the use of data in the vacant /

agriculture category. This category was found to include values

for agriculture and sand and gravel operations. Standard depth­

damage analysis cannot be performed on sand and gravel

operations. In the 1981 analysis a flow-damage relationship was

created for this area of benefits; however, it cannot directly

relate value of property to damages. Additionally, agricultural

structure damages were included as part of the 1981 agriculture

flow-damage relationship. It is not possible to break the

agricultural structure damages out of the other crop damages.

The LUM does not distinguish between these two land uses which

make up a high percentage of the improvement values in this

category. Adjusted flow-damage relationships from the 1981

analysis were used to calculate damages in this category. The

impact on the final benefit calculations is negligible.

TRW was requested to aggregate land and improvement values

for Maricopa County to the section-level, a common denominator

for the LUM land use data and the tax assessor database. Since

the LUM is measured in 40-acre parcels, the section-level land

and improvement values were disaggregated to the 40-acre parcel

level. (Tax parcel-level data could not be aggregated to a

forty-acre parcels level because a tax parcel is more likely to

overlap two forty-acre parcels and a division of the tax parcel

would create an unacceptable error term.)

-Acres for the 10 major land use classes were extracted by

section using the LUM.
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-A computer program divided a land use class' land value for

a section by the land use's acreage for the section,and

calculated the section's average land value per acre for the

land use. A similar procedure was followed to calculate

average improvement values for all 10 land uses for each

section.

-The same computer program attached the 20 average land and

improvement values for a section to each of the 16, 40-acre

parcels within the section. (see Figure 1 below)

Figure 1. Calculation of an Average Land/Improvement Value For a
Section

section-level
LOW-DENSITY RESID.
total LAND value

section-level
LOW-DENSITY RESID.

acres

section-level
VACANT/AG.

total LAND val ue

section-level
VACANT/AG

acres

avg low-den
res. land

value
per acre
for section

avg vacant/ag
land val ue

per acre
for section

-)

applied to each of the
16, 40-acre parcels
in the section

applied to each of the
16, 40-acre parcels
in the section

Total land and improvement values for each of the five flood

inundation areas were computed using the LUM Map Calculator.

Figure 2 outlines the steps to calculate the 2S-year low-density

residential land value map.
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Figure 2. Calculation of 2S-year Low-density Residential
Land Value Map

avg low-den res
land value map *
by 40-acre parcel

total low-den
res land value *
by 40-acre
parcel map

low-den res
acres map

by 40-acre p.

2S-year flood
inundation

map

total low-den
res land value
by 40-acre
parcel map

total low-den res land
value by 40-acre parcel
within 2S-year flood

map

An additional step: Extraction of low-density residential

total land values, by section, from the final map to an output

file.

class~

The above calculations were repeated for each land use

The LUM is accurate to a forty-acre parcel level. In most

cases flood inundation boundaries split a forty-acre parcel

which prompted the LUM to accept or reject the entire parcel. If

the boundary included the forty-acre parcel's center point, the

entire parcel was accepted; if the boundary excluded the parcel's

center point, the entire parcel was rejected.

In summary, land and improvement values are accurate to the

section level, but the acceptance or rejection of values within a

flood inundation area is accurate to a forty-acre parcel level.

Values provided by the LUM are summarized in Table 1.

The area between 180th Avenue and Gillespie Dam fell
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outside the geographic boundaries of the LUM. Full cash and

improvement values for this area were provided by a contractor of

Salt River Project using Assessor's data. Improvement values

throughout the study area were then adjusted to market values

using a normalization factor provided by the Assessor to attain

the structural values used in the damage analysis. Content

values were then estimated as a percentage of structure values

based on relationships established in other COE studies.

Two areas in the SaO-year floodplain were then checked to

verify improvement values in the LUM. These areas, representing

approximately 10 percent of the damageable property, included

the Tempe-Mesa light industrial areas in reaches 2 and 3 and

residential development in reaches 6 and 7. A drive-through of

selected sections in both these areas was conducted by members of

the study team. Land usage and physical condition of the

structures were .noted in each of these sections. Qualitative

comparisons of the field information against the LUM values were

then made. Based on these field checks, it appears the values

contained in the Land Use Model accurately represented the actual

500 year overflow area. It should be noted that time constraints

did not allow for a thorough evaluation of the LUM data.

However, given the level of significance of inundation reduction

benefits in this study the use of the LUM represented an

acceptable reconnaissance level approach.
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Depth-damage relationships were used to evaluate the impact

of the anticipated flows on development in the floodplains.

These relationships were developed from nation-wide flood

insurance claims and provided by the Federal Emergency Management

Agency (FEMA). The depth-damage curves applied to damageable

property, were used to develop flood damages on a section level.

The Expected Annual Flood Damage Computation program

developed by the Hydrologic Engineering Center (HEC) was used to

compute annual damages in this analysis. The damages expected to

result from each size flood were weighted by the probability of

occurrence of that flood by combining the damage-discharge and

discharge-frequency curves. Average annual damages were then

calculated by using standard damage-frequency integration

techniques. Equivalent annual damages were computed next by

summing the present worth of annual damages and applying the

capital recovery factor (partial payment series) for an 8-5/8

percent discount rate. Table 3 presents the without project

expected annual damages for the study.

To evaluate the impacts of proposed flood control measures

on the Verde River, the discharge-frequency curves associated

with the improvements were input into the EAD run as alternate

plans. Flood damages prevented were calculated by comparing ~he

damages that would be expected to occur without a project to

those damages that would be expected to occur with a project in
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place. Inundation reduction benefits are provided in table 4.

Specific Case Benefits

The Specific Case area of benefits are those structures

where traditional use of standardized depth-damages relationships

cannot adequately determine damages. These areas require in­

depth analysis to determine the flow-damage relationships.

Included in this category are unique structures such as dams,

power plants, and electric transmission towers; sand and gravel

operations, agricultural activities and business and emergency

costs.

Unique Structures. This area of benefit determination was

divided into two areas: 1) Unique Structures in a Specific

Reach where adjusting the flow-damage relationship is

appropriate, and 2) Unique Structures (not dependent on hydraulic

information) where in-depth analysis is required for adjustment.

1) Unique Structures in a Specific Reach: The unique

structures were first separated into their appropriate reach.

These consisted of damages to: electrical transmission towers,

telephone lines, the Ocotillo Power Plant, water and sewer Lines,

gas lines, storm drains, and irrigation facilities. Expected

damages to these structures were examined. The existing flow­

damage relationship was adjusted for price level changes for all
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structures with the exception the Ocotillo Power Plant where

additional damages for the SOO-year event were included based on

new information. Flow-damage relationships were aggregated by

reach and then input into the EAD program.

estimated at $142,400.

Annual damages are

2) Unique Structures (not dependent on hydraulics). This

sub-category consists of damages to SRP Dams on the Verde River,

the CAP siphon and SRP's Underground Storage and Recovery

Project. Damages for this sub-category are computed as a

function of hydrology and are not reach-specific. The flow­

damage relationships for SRP dams and CAP siphons was updated for

price level changes. Additionally, damages to SRP Dams on the

Salt River were removed from the flow-damage relationship as they

could not be protected by flood control measures on the Verde.

Damages to SRP's Underground Storage and Recovery Project were

added since this proposed project will be in place before

completion of any project alternative. Equivalent annual damages

for this area equal $302,100.

Sand and Gravel Operations. Flow-Damage relationships for

this area of benefits were updated for price level changes and

then input into the EAD program. Equivalent annual damages equal

$124,100.

Agriculture. The 1987 study adjusted flow-damage
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In theserelationships for all reaches except reaches 1,8 and 9.

reach the current analysis reduced the 1981 flow-damage

relationships by the percentage reduction in overflow area from

1981 to 1988. The resultant flow-damage relationship was then

updated for price level changes and input into the EAD program.

Annual damages total $45,700.

Transportation Delays. For this category of damages a new

bridge failure and delay scenario was developed in the 1987

analysis. The flow-damage relat{onships were modified for price

level changes and then input into the EAD program. Because the

transportation flow-damage relationship is a stepped function

large swings in with project damages occur.

damages equal $4~,500.
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OTHER BENEFITS

Savings in Capital Costs

Savings in Capital Costs can be claimed as project benefits

when flood control measures allow for a savings in costs by

permitting the building of smaller, less expensive structures.

The 1987 analysis concluded that savings in capital costs could

accrue to two bridges, Price Road and Bullard Avenue. The

current analysis assumes these bridges will be constructed to

withstand the lOa-year flood of 170,000 cfs if flood control

measures on the Verde are not constructed.

each alternative are shown in table 4.

Savings in Fill

Annual benefits for

Any development in the lOa-year floodplain must be filled

one foot above the lOa-year flood elevation in accordance with

the Flood Insurance Act of 1973. If a project reduces or

eliminates the amount of fill required without a project, the

savings in the cost of fill is then a direct benefit attributable

to the project. The savings in fill benefit is difficult to

quantify given the lack of with project overflows. However, due

to the rapid growth the Phoenix area is experiencing, this area

of benefits is fairly substantial. Quantification of these

benefits was made on a cursory level given the available
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information.

Without a project, there would be approximately 8,100 acres

of land in the 100-year floodplain 1995 (project year 1) with the

potential to develop. Based on the future development scenario,

fifteen to twenty five percent of the 8,100 acres will be covered

by structures. This analysis assumes the high end of the range,

twenty five percent will be filled. The average depth of fill is

3 feet and the cost of fill is $4.50 per cubic yard. The total

cost of fill was divided into equal payments over the lOa-year

life of the project. To evaluate alternatives, it was assumed

that the targeted 55,000 cfs lOa-year discharge would eliminate

all fill requirements in the lOa-year floodplain. Benefit

calculations were then based on percentage reductions in the

acreage of the without project floodway resulting from the

alternative plans.

Business and Emergency Losses

The land uses inundated in the 1981 analysis have changed

due to extensive localized protection in the commercial and

industrial areas through Phoenix. Consequently, the flow-damage

relationship created in 1981 for this category of benefits is no

longer applicable to the current inundation areas.

Quantification of this area of benefits would require extensive

surveys of the new inundation areas. Because of the small
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magnitude of benefits ($83,000 in the 1981 analysis) these

benefits are not claimed in this study.

SUMMARY

Table 4 presents the results of this analysis at the current

Water Resource Council interest rate of 8 5/8%. The results

indicate plan RHD (465k acre feet storage) produces the most

benefits. This analysis was conducted at a reconnaissance level

and is consistent with federal guidelines and procedures.
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TABlE 1
llJM IM\TA SUMMARY

Iarrl Value ($)

lAND
USE

CIASS 50 YR 100 YR 200 YR 500 YR

lJ::::M D=ns Res 883,277 1,870,994 2,147,223 6,923,382
Me::l D=ns Res 972,207 2,332,259 4,215,219 48,346,118
High D=ns Res 3,300 3,093,057 3,323,711 10,746,040
Mobile Hanes 456,913 717,067 1,412,402 13,935,997
lJ::::M D=ns Com 445,451 445,451 1,352,469 3,531,246
Me::l D=ns Com 2,031,076 3,364,734 18,020,874 52,552,776
High D=ns Com ° ° ° 1,091,194
Light Irrl 967,474 1,389,282 1,576,802 2,080,813
Gen Irrl 6,494,058 7,511,219 24,438,816 37,907,596
vacant/Agri 96,830,901 107,366,659 119,064,679 183,908,084

Irrproverrent Value ($)

lJ::::M D=ns Res 386,012 7,309,642 789,491 1,513,040
Me::l D=ns Res 1,951,456 7,689,022 11,395,274 89,926,221
High D=ns Res 71,029 10,263,890 10,694,621 37,180,981
Mobile Hcmes 16,543 37,520 175,191 7,656,997
1J::M Dens Com 632,439 632,439 1,785,020 4,017,530
Me::l D=ns cam 1,481,116 2,854,058 11,264,009 31,620,524
High D=ns Com ° ° ° 9,603,099
Light Irrl 194,367 302,927 473,445 799,727
Gen Irrl 14,105,874 16,265,331 57,490,647 86,781,949
Vacant/Agri 3,745,038 4,444,980 4,812,264 6,086,937

ACRES

1J::M Dens Res 32 53 72 145
Me::l D=ns Res 54 221 260 1,025
High D=ns Res 1 36 40 83
Mobile Hanes 4 11 18 248
lJ::::M Dens Com 22 22 48 156
Me::l Dens Com 107 142 198 465
High Dens Com ° ° ° 10
Light Irrl 62 76 90 121
Gen Irrl 244 269 714 958
VacantjAgri 29,498 34,090 36,631 50,210

'IUI'AI.S 30,024 34,920 38,071 53,421

23



FICURE 3
CLIFF DAM RLTERNRTIUE

CFS us. LOCATION BENEFITS

CFS (Thousands)

110· :

O.S 1 1.5 2 2.5

WC BEtlEYITS

3 3.5

(HilJions)
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TABLE 2

ALTERNATIVE TO CLIFF DAM STUDY
LOCATION BENEFITS, 170k CFS FLOODWAY

REACH TYPE OF USE
LAND VAL

ACRES INCREASE
PER ACRE

GROSS
INCREASE

COST OF
FILL

TOTAL NET
LAND VALUE

INCREASE

2 MED DEN RES 9.85 $105,000 $1,034,250 $112,998 $920,610
================================

$1,034,250 $112,998 $920,610

3 COMMERCIAL 10.39 50,000 519,743 394,018 125,726
PARKING-ASU 4.96 45,000 223,140 56,921 166,220
PARK (REC) 7.57 5,000 37,833 0 37,833

===================================
$780,716 $450,939 $329,779

4 GEN INDUSTRIAL 63.73 375,000 23,898,073 2,415,617 21,482,455
===================================
$23-,898,073 $2,415,617 $21,482,455

5 GEN INDUSTRIAL 63.33 375,000 23,746,555 1,406,460 22,340,096
INDUSTRIAL 31.92 85,000 2~660,055 172,152 2,487,903

===================================
$26,406,610 $1,578,612 $24,827,999

6 INDUSTRIAL 21.57 85000 1,832,690 118,607 1,714,083
MED DEN RES 165.21 105,000 17-{347,658 908,852 16,438,806
LOW DEN RES 40.92 10,000 409,183 225,091 184,091

===================================
$19,589,531 $1,252,550 $18,336,980

------------------------
------------------------

GRAND TOTAL :

ANNUALIZED @ 8.625%, 100 YRS

LESS CAPITALIZATION OF FLOOD THREAT
(4.2% of annual)

TOTAL LOCATION BENEFIT

25

NOTE: DISCREPANCIES DUE TO ROUNDING.

65,897,823

5,685,139

238,776

5,446,363



TABLE 3

INUNDATION DAMAGES
WITHOUT PROJECT ($l,OOOs)

GENERAL PROPERTY INVENTORY

RESIDENTIAL
COMMERCIAL
INDUSTRIAL
MOBILE HOMES
PUBLIC

SPECIFIC CASE

UNIQUE STRUCTURES(l)
UNIQUE STRUCTURES(2)
SAND AND GRAVEL OPERATIONS
AGRICULTURAL
TRANSPORTATION DELAYS

TOTAL

533.37
62.28

322.43
21. 35
77.77

142.44
302.14
124.13
45.67
40.48

1672.06

(1) Unique structures in reach
(2) Unique structures not reach specific
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TABLE 4a

ANNUAL BENEFITS ($1000s)
BY ALTERNATIVE

BENEFIT CATEGORY ALTERNATIVE

INUNDATION REDUCTION RHD RHC RHB2/3

GENERAL PROPERTY
RESIDENTIAL 331. 9 284.3 189.6
COMMERCIAL 41.7 38.4 30.2
INDUSTRIAL 209. 1 188.2 140.4
MOBILE HOMES 13.3 11.3 7.5
PUBLIC 59.8 52.5 23.9

SPECIFIC CASE
UNIQUE STRUCTURES ( 1) Ill. 5 102.9 70. 1
UNIQUE STRUCTURES(2) 157.8 157.5 145.8
SAND & GRAVEL 102.0 98.9 83.5
AGRICULTURAL 39.0 38.3 31.0
TRANSPORTATION 37 .6 37.4 3.6

OTHER BENEFITS
LOCATION 5,200.0 4,500.0 3,400.0
SAVINGS IN CAP ITAL 224.0 202.0 145.0
SAVINGS IN FILL 420.0 380.0 273.0

======= ------- =======-------
6,947.7 6,091.7 4,543.6

(1) Unique structures in reach
(2) Unique structures not reach specific
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TABLE 4b

ANNUAL BENEFITS ($1000s)
BY ALTERNATIVE

BENEFIT CATEGORY ALTERNATIVE

INUNDATION REDUCTION RHBI RHA3 RHA2 RHAI

GENERAL PROPERTY
RESIDENTIAL 240.7 128 . 1 122.6 74.3
COMMERCIAL 33.1 24.3 23.0 13.8
INDUSTRIAL 161.0 107 .5 101.9 60.0
MOBILE HOMES 9.6 5.0 4.8 3.0
PUBLIC 39.9 12.4 12.3 9.9

SPECIFIC CASE
UNIQUE STRUCTURES(I) 84.5 52.8 51.8 38.3
UNIQUE STRUCTURES(2) 155.7 58.9 99.6 122.5
SAND & GRAVEL 84.5 74.6 69.4 51.4
AGRICULTURAL 32.8 14.9 19.8 24.3
TRANSPORTATION 36.7 2.9 2.9 1.9

OTHER BENEFITS
LOCATION 3,000.0 2,000.0 2,000.0 1,646.2
SAVINGS IN CAPITAL 133.0 100.0 100.0 68.0
SAVINGS IN FILL 251. 0 189.0 189.0 132.0

======= ======= ======== =======
4,262.5 2,770.4 2,797.1 2,245.6

(1) Un i que structures in reach
( 2) Unique structures not reach specific
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MESA
MARICOPA

NORTH OENtER 8T LDFL
~~AOF N CENTER ST • SALT R~~ 8S20rJ'

MARICOPA 018

SALT RIVER PR03ECT WELL 28E-ON
BASELINE I MESA DR
MESA AZ
MARICOPA 018

MOTOROLA INC SEMICONDUCTOR GROUP
2200 W BROADWAY
MESAAZ 85204
MARICOPA 013

SALT RIV PROJ WELL SITE 21.SE I SN
NW COR HORNE I MCKELLIPS AD . .. I
MESA AZ 85201\1'
MARICOPA 018

PHOENIXWELDIN8 SUPPLY CO
154 E8ASELINE RD
M£SA AZ
MAR%COPA 01S

A2D981680002





ARIZONA BARREL AND CAN COMPANY
ADJNECOANEA 19TH AVE I BROAD
PHOENIX AZ
MARICOPA 018

ARIZONA PLATING • ANODIZING CO
618 SCENTRAL AVE
PHOENIX A2
MARICOPA 013

ARIZONA HARD· CHROME INC.
2609 WCYPRESS AVE
PHOENIX
MARICOPA

ARIZONA SAND I ROCK
f801£ UNIVERSITY DR
PHOENIX
MARICOPA

$1

AZ
013

AZ
013

AZ
013

8500' V'

85004J
----- .....

~
33125/05.0

...•..•... 1l2/02/!O.O
850a.
~



CACTUS TRANSMJSSION
4717 E.MCDOWELL RD
PHOENIX AZ
MARICOPA 018

BA80AD PLASTIC CO
62S·S.5TH ST
PHOENIX
MARIOOPA

BEARDSLEY ROAD MINES
BEARDSLEY RD I 16TK ST
PHOENIX
MARICOPA

CANYON INDUSTRIES
2S4£ SOUTHERN PACIFIC DR.
PHOENIX
MARICOPA

AZ
018

Al
013

85024







G~RRETT TURBINE ENGINE CO
111 S 34TH ST
PHOENIX Al
MARICOPA 018

85019A.Z
018

AI
013

AI
013

SYSTEMS

QILBERTNURSERV
2S01W'SOUTHERN AVE
PHOENXX
MARICOPA

HENES STAMPING INC
4301 E.MADISON
PHOENIX
MARICOPA

GEORGIA' PACIFIC CORP CHEM PAC DIV
42a9 w a9TH AVE.
PHOENIX AZ
MARICOPA 01a

GENERAL ELECTR~C

8840 W·. CLARENDON
PHOEN:IX
MARICOPA

AZD080664881

A20980786800





Al 85009
013

L.OWER BUOKEYE SITE
1500 LOWER BUCKEYE
PHOENIX Al
MARICOPA 018

MACHINE TECH
127 S27TH ST
PHOENIX Al 8S03~

MARICOPA 011

MARINA DEL SOL 81/28/10.0
4'81 E MCDOWELL RD 112/11/36.0
PHOENIX Al 85015
MARICOPA 013

MARONEYS CLEANERS 33/30/30.0
1192 E INDIAN SCHOOL RD 111/58/42.0
PHOENIX AZ 85018
MARICOPA 013

MAXLIGHT OPTICALS WAVE GUIDES
8035 NIIRD DR
PHOEN%X 85017
MARICOPA





OLD '1ST AVE SLIDGEDISPOSAL PONDS
91ST AVE I SALT· RIVER
PHOENIX AZ 8SSSS
MARICOPA 018

OLD 28RO AVE SI..UDGEDISPSLPONDS I
21RDAVE I LOWER BUCKEYE RD .. .'
PHOENIX AZ 8500
MARICOPA 013

OHL.INGER, IND
2827. PALM AVE
PHOENIX
MARICOPA

OSBORN PRODS INC
S652 W, CLARENDON
PHOENIX
MARICOPA

Al
01S

85019



AZD'82007999

PHOEN:EX ·HEAT TREATING INC
2405 WMOHAVE
PHOENIX AZ
MARICOPA 013

AZ
013

PHOENIX· PLASTICS INC
215 .·S23RO ST
PHOENIX AZ
MARICOPA 013

PHOENIX NORTHWEST SERVICE CENTER CITY OF
4020W GLENROSl
PHOENIX Al
MARICOPA 013

PHOENIX NEWSPAPERS INC
120 E VANBUREN
PHOENIX
MARICOPA

PHOENI,X·DOWNTOWN SOUTHWEST AREA
NWBORDER OF EASTLAKE PARK SOy
PHOEN:EX AZ
MARIOOPA OlS

PHOEN:EX·DATA
aaa4WOSBORN
PHOEN:EX
MARI,COPA

.2:000901027.











l1TH5T LDFL
11TH STI GIBSON LN
PHOENIX Al
MARICOPA 013

'l!'.

WAYNE ·OXYGEN CO INC
2615 S 40TH ST
PHOEN%X Al
MARICOPA 018

WEST PHOENIX· IND. AREA
AREABGRDEIING· PHOENIX WELLI?l
PHOENIX AZ
MARICOPA 01!

85018

85084 tV'...

AZ
018

WESTINGHOUSE ELECTRIC CORP
1825EMADISON
PHOENIX Al
MARICOPA 013

VIKINQ·CLEANEAS
402'·N 32ND ST
PHOENIX
MARICOPA

VELCO D .FG OF Al
.01 S 16THST
PHOENIX
MARICOPA







AZ
013

BENNETT BROTHERS RECYCL.ING
1'90. E' ISTST
TEMPE AZ
MARICOPA 013

ARIZONA PUBLIC ·SERV OCOTILLO POWER'PLT
1$00 E', UNIVERSITY . ./.../.
TEMPE AZ 85281Y
MARICOPA 013

ARIZONA'CASTING
115. N .PERR,Y loN
TEMPE
MARICOPA

ALLSTATE MINE SUPPLY
1926£ ISTST
TEMPE AZ
MARICOPA 018

VAL.L.EY SPRAYER I
1220SWBEL.L AD
SURPRISE AZ
MARICOPA 013

~;;526127



\.1





BOEAS.DAIAYDDT
Tl NR lW/2./3. R PARTS OF 11 N
TI8R2W/I.'4. Al 85000
MARIOOPA 018

PALO VERDE NUCLEAR SENERATING STA
5801 S· WINTERSBURG RD
W%NTERSBURG AZ 85343
MARICOPA 018

85353Al
013

TOLLESON PLATING CO
'119. POLk
TOLLESON
MARICOPA




