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I. INTRODUCTION

1.2 Purpose of Study

The purpose of this study was to utilize the 1985 Soil
Conservation Service (SCS) Weekes Wash Study (reference 14) to
evaluate the Powerline F.R.S. for State Dam Safety stage,
storage, and discharge requirements; to update physical changes
that have occurred on the watershed; and to suggest solutions
if the Dam Safety criteria are not met. The results of this
analysis would serve as a basis to reply to the SCS on
hydrologic condition of Powerline F.R.S..

1.2 History

The Powerline Floodwater Retarding Structure (F.R.S.) is an
earthen flood control "dam" designed and built by the U.S.D.A.
Soil Conservation Service (SCS) in 1967. The Powerline F.R.S.
located in Pinal County is operated and maintained by the Flood
Control District (FCD) of Maricopa County (See Figure 1.1). The
Powerline F.R.S. is approximately 2.5 miles in length, has a
maximum height of 24 feet, and has a storage volume to the
emergency spillway crest of 4200 acre-feet. Although this
structure is entirely in Pinal County the protection provided
is mainly to Maricopa County.

The Powerline F.R.S. was constructed in 1967 as part of the SCS

Apache Junction - Gilbert Watershed workplan. Two sub-
wvatersheds, Weekes Wash and Siphon Draw contribute inflow to
the structure. The headwaters of Weekes Wash is in the

Goldfield Mountains of the Tonto National Forest and flows
south toward Powerline F.R.S.. The Weekes Wash watershed is
14.6 square miles in size at Powerline F.R.S. and is comprised
primarily of undisturbed desert lands with some commercial and
residential 1land use within the Apache Junction area. The
headwaters of Siphon Draw is 1located in the Superstition
Mountains of the Tonto National Forest. Siphon Draw flows in a
southwesterly direction toward Powerline F.R.S.. The Siphon
Draw watershed is 32.5 square miles in size at Powerline
F.R.S., comprised mostly of undeveloped land (See Plate 1 in
folder).




N

Figure 1.1

"RTE POWERLINE RETARDING DAM

AY] . | y.3.60.70-80-89 | ‘1 ) ‘
,li\ [ Pinal County, Arizona
Breodwe
d : Location Map
™ " 30 1] 2 134
E = (SCS 1966 As-Built Plans)

\\ . —_ ,,-;io/ IW',S'"/‘ /u« ‘/;,' J
Bosellng Rd diia o

1]
Guodolupe l; A

[Hlnl____J LX

Ini
B

N
&
|
<

L

R s

n

\
\dd

POWERLINE

30 0 1 J
WILLIAM

/"\; .‘ viep Ine / = = /o/ B0
Sr—— T Z . 7 : J. ‘v-‘—-—‘-———'- g _2“‘——7 / s AN
» n ” - " KV A 5 T n 1 3 1 n»\
! $

51 3
vy \\i
\’

- — “ | / |
. ’ . 3 ] 1 } [\ VU N— T '\. g — //‘
/,
"'g ¢ \’r /w—* pm—d 02
TN A T em— A
D = “er -
4 e ** ——— ™
1 2 ’ 0 " 1t v (] ’ 10 u:
(<}
<

b
N
Ay
,&,

Crow ™

i I — : :
" v " Rittenhovs g o : . ' /
Rittenhevse :Ji\=~ N% \ | 12 M

Y '
§ Oul\(:: 5 ” " " 30 ] n  } I 1e Lj""u\—/'\"
. o ! RN R /
. ’\f1 . ‘

LOCATION MAP

|
;|
u
W%
A
|

?_

]

PiNAL CQ

MARICOPA CO.

|
1

-—-----.--

-‘4{-----—-




In 1985 the Soil Conservation Service (SCS) conducted a
hydrologic analysis of the existing Powerline F.R.S. (reference
14). The SCS analysis included eight different storms and
three separate alternatives. The SCS concluded that the
Powerline Dam would not safely pass the design "Freeboard
Storm" either "with" or "without" a proposed Dam on Weekes
Wash.

The Flood Control District of Maricopa County (FCD) conducted
an analysis to model physical characteristics on the watershed
that were not included in the SCS study. Some of these
characteristics include the Weekes Wash breakout (Section 4.3)
and the Superstition Freeway (Section 4.4). The 1985 SCS study
was used as a base for this report and parameters were
encompassed into the FCD model. The Powerline F.R.S. falls
under the jurisdiction of the Arizona Department of Water
Resources (ADWR), Division of Safety of Dams. The structure
must meet ADWR's criteria for dam safety, therefore, the SCS
design  "Freeboard Storm" was mnot simulated. Siphon Draw
subbasin controls the characteristics of the inflow hydrograph
to Powerline F.R.S. because it is much larger than the Weekes
Wash subbasin, (32.5 square miles versus 1l4.6 respectively).
The larger size and steeper average slope of the Siphon Draw
subbasin combine to produce higher peaks than the VWeekes Wash
subbasin.

1.3 Model Conversion

The base model for this study was the SCS 1985 Weekes Wash Dam
Study. It was converted from the SCS TR-20 computer program to
the U.S. Army Corps of Engineers HEC-1 computer program. The
HEC-1 is a more "user-friendly" program enabling future users
to easily follow modeling logic and assumptions. Also, with
the exception of how HEC-1 accounts for wunit hydrograph
computation step and variations in flood routing, the TR-20 and
HEC-1 are quite compatible. The HEC-1 results were calibrated
to the TR-20 results to ensure consistency. The HEC-1 output
for the calibrated model is 1located in Volume II of this
report. Table 1.1 shows a few of the common concentration
points and the comparison between the two models.




TABLE 1.1

Calibration Comparison

Discharge (cfs) Volume (ac-ft)
Concentration
Point HEC 1 TR-20 HEC-1 TR-20
Proposed
Weekes Wash Dam 6412 6365 966 944
Weekes Wash
at Powerline FRS 6408 7061 1453 1451
Siphon Draw
at Powerline FRS 11,669 11,751 3246 3240
Inflow
to Powerline FRS 17,913 18,279 4699 4690
Reservoir
Outflow 602 588 568 467
Stage 1583.99 1583.97

The SCS Weekes Wash Study assumed that Weekes Wash was
contained, and all the flow reached Powerline F.R.S. Other
studies (such as FEMA, A-N West) have identified a breakout of
Weekes Wash. Following a field verification it was assumed for
the purpose of this study that a breakout occurs at the
intersection of Weekes Wash and Junction Drive. However, the
HEC-1 base model for the conversion assumed the breakout to be
consistent with the 1985 SCS Study. In further model
modifications the breakout was assumed. This topic will be
discussed in Section 3.0.

The following input were used in the converted HEC-1 base
model, so as to match the SCS modeling input:

i 8 100 year, 24 hour storm with an SCS
Type II rainfall distribution.

2. Existing land use conditions.

3 SCS Curve Number Loss Rate to
determine rainfall excess.




SCS Dimensionless Unit Hydrograph
development.

The TR-20 uses the Modified Att-Kin
procedure to route the flood wave
downstream. This routing method is
not an option in the HEC-1 model. The
Kinematic Wave routing does not
account for attenuation therefore
Muskingum method of routing was used
to route the flows within a channel.

The SCS boundary and delineations map
for Powerline F.R.S. is used.

The dimensions of the Powerline F.R.S.
vere taken from as-built plans and
were assumed to be accurate. The top
of the structure is at an elevation of
1589.1. The principle spillway is at
1561.1, and the emergency spillway
crest is at 1583.3. (See schematic
plans for Emergency Spillway in
Appendix F).




II. HYDROLOGIC METHODS

2.1 Introduction

The converted HEC-1 model served as a base model. However, as
the study progressed and in-house meetings were held, it was
determined that certain physical changes in the watershed
condition needed to be incorporated into the base model. Minor
changes to input parameters were not made, so as to maintain as
close as possible a model based on the 1985 SCS study.

2.2 Physiography

The Powerline F.R.S. watershed has an areal extent of 47.1
square miles with elevation ranging from 1568 to 4869 feet
above mean sea level. The soils, vegetation, and vegetative
cover densities vary widely in the area. The soil association
for the area is Trement-Ebon-Pinamt. The land is dominantly
gently sloping to moderately steep with gravelly and very
gravelly, loamy, and clayey soils. The area is generally found
on fan terraces. See Table 2.1 for a listing of the major
soils located in the area. The vegetation is predominantly
desert brush and cactus, with cover densities ranging from 10
to 40 percent.

2.3 Methodology

The U.S. Army Corps of Engineers HEC-1 (Revised 31, Jan 85)
computer program was used to simulate rainfall runoff response

in the Powerline F.R.S. watershed. The model simulates the
basin as an interconnected system of hydrologic and hydraulic
components. The watershed was divided into 20 subbasins
ranging in size from .37 to 11.85 square miles. See Plate 1
for the subbasin delineationms. The HEC-1 results were

calibrated to the 1985 SCS Results produced using TR-20 based
on the 100 year, 24 hour storm.
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Table 2.1

Soils found in the Powerline F.R.S. Watershed

| | I | |
Soil Series | Soil - Location Found | Ave. Slope | H.S. Group | Soil Class | Infil .Rate| Comments
| | | | | | Gin/hr)* |
| | | | | | |
I I | | | | |
Antho-Carrizo-Maripo complex | 3 | floodplains & | 0-3% | B | SL & VGL | «Bi= |alluvium soils, high permeability,
| | drainageways | | | | |Sandy Bottom range site
| | | I | | |
Brios-Carrizo complex | 10 | floodplains | 1-5% | A | LS & VGS | A |alluvium soils, high permeability,
| | | | | | |Sandy Bottom range site
| | | | | | I
Carefree cobbly clay lLoam | 12 | fan terrace | 1-8% | D | ccL | % | |slow permeability, Clay Upland
| | | | | | |
Eba-Pinaleno complex | 41 | fan terrace | 20-40% | B/C | VGL & VGCL | .3 |]alluvium soils, Loamy Hills
| | | I | | |
Ebon very gravelly loam | 44 |fan & stream terrace | 1-8% | C | VGL | 3 |slow permeability, Clay Loam Upland
| | | | | | |
Gachado-Lomitas-Rock outcrop | 52 | rock outcrop | 7-55% | D | V6L, VGCL, RO | " | |slow permeability, high runoff,
| | | | | | |Volcanic Hills range site
| | | | | | |
Gunsight-Cipriano complex | 68 | fan terrace | 1-7% | B/D | V6L & veSL | .2 - |moderate permeability, Limy Upland
| | | | | | |
Mohall c.l. calcareous solum | 78 | fan terrace | 0-3% | B |Calcareous Loam| SE |moderate to slow perm., Limy Fan
| | | | | | |
Pinamt-Tremant complex | 98 | fan terrace | 1-10% | B | EGSL & GL | .2 - |moderately slow perm., Loamy Upland
| | | | | | |
Torriorthents | 1M1 |fan & stream terrace | 15-40% | - |Calcareous soil| @ |high permeability, highly erodable,
| | | | | LS to Clay | |Breaks range site
| I | | | | I
Tremant gravelly Loams | 113 | fan terrace | 0-3% | B | GL | -3 |moderately slow perm., Loamy Upland
| | I | | | I
Tremant-Antho complex | 115 |fan & stream terrace | 1-5% | B | GSL with sL | .3 - |moderately slow to rapid perm.,
| | and floodplains | | | in floodplain | |Sandy Loam Upland range site
| | | | | | |
ccL Cobbly clay Loam SL Sandy lLoam
EGSL : Extremely gravelly sandy Loam VGL Very gravelly Lloam Reference 11 for table information except *.
GL Gravelly Loam VGS Very gravelly sand
GSL Gravelly sandy loam VGCL : Very gravelly clayey loam * Reference 15.
LS Loamy sand VGSL : Very gravelly sandy loam
RO Rock outcrop




2.4 Precipitation Parameters

The 100 year, 24 hour storm and the Probable Maximum
Precipitation (PMP) were used in modeling. An assumption used
in hydrologic interpretation of rainfall-runoff models is that
the 100 year storm produces the 100 year flood and the PMP
produces the Probable Maximum Flood (PMF). The Arizona State
Department of Water Resources, Division of Safety of Dams
(State Dam Safety) requires that the Inflow Design Flood (IDF)
for a specific spillway be determine by the runoff hydrograph
selected primarily on the basis of the size and hazard
classifications assigned to the dam. The Guidelines for the
Determination of Spillway Capacity Requirements suggests that
the current IDF for the Powerline F.R.S. is the 1/2 PMF, while
future land use conditions could raise the IDF to a PMF. By
State Dam Safety definition, the 1/2 PMF is not a result of
half of the Probable Maximum Precipitation (PMP), but rather is
50%Z of the hydrograph from the full PMF.

2.4.1 100 Year Precipitation

The total storm, basin-average precipitation for the 100 year,
24 hour duration was computed using the 1973 publication NOAA
Atlas No. 2, Precipitation - Frequency Atlas of the Western
United States, Vol. VIII - Arizona (Reference 7). The
precipitation value for the 100 year, 24 hour storm is 3.85
inches (see Appendix A). Areal reduction for point rainfall
was not used, for comparison to, and to be consistent with the
SCS study.

However, an analysis was conducted to determine the effect that
areal reduction would have on the watershed and Powerline
F.R.S.. Two methods were analyzed. The first was the method
as described in the 1973 National Weather Service NOAA Atlas 2.
The second method used was described by Osborn, Lane and Myers
in their article entitled Rainfall/Watershed Relationships for
Southwestern Thunderstorms (Reference 8) from the 1980
Transactions of the ASAE. Even though the Osborn method was
developed specifically for the Southwest, the depth-area curves
are just gaining recognition. Table 2.2 shows the areal
reductions for each method. The Osborn method has a
significant reduction for this watershed, while the NOAA method
is not as dramatic. Table 2.3 indicates the differences in
vater surface elevations at the Powerline F.R.S.. There is
less than 0.2 feet difference between no areal reduction and
the NOAA method of areal reduction but there is nearly 4 feet
of difference between the Osborn method the NOAA method and no
areal reduction.




TABLE 2.2

Comparison of Conversion Ratios
for the Different Areal Reduction Methods

AREA OSBORN METHOD NOAA METHOD
(sq. miles)
Conversion Rainfall Conversion Rainfall
Ratio (inches) Ratio (inches)
.01 1.00 3.85 1.00 3.85
10 .879 3.38 .988 3.80
30 .764 2.94 .965 3.72
50 .692 2.66 .953 3.67
TABLE 2.3
Comparison of Effects of Areal Reductions
on Powerline F.R.S. (100 year-24 hour storm)
No Areal NOAA Osborn
Reduction
Maximum
Flocd Reservoir
Water Surface 1584.25 1584.07 1580.54
elevation
(ft. a.msssl.)
Discharge (cfs) 1700 1200 150
Inflow Volume 5628 5248 3193
(ac-ft)
9




The SCS Type II rainfall distribution was used to distribute
the 3.85 inches of rain over the 24 hour period. This
distribution is generally accepted for the Southwestern Region
of the United States. The time increment wused in the
distribution was 15 minutes.

At this time, the acceptable areal reduction method is the NOAA
method. Because the difference in maximum reservoir water
surface elevation between the NOAA method of areal reduction
and No Areal Reduction is only about two inches, and to be
consistent with the 1985 SCS study, areal reduction was not
used in the modeling.

The Osborn method was specifically developed for the Southwest
region of the United States. The data for the depth-area
curves were gathered from dense recording raingage networks in
Arizona and New Mexico. In the future the Osborn method is
expected to become more widely accepted and will most likely
become the preferred method for areal reduction in the
Southwest.

2:%:2 Probable Maximum Precipitation

The precipitation amount for the Probable Maximum Precipitation
(PMP) was generated to determine the effects on the Powerline
F.R.S., and in compliance with Arizona Department of Water
Resources (ADWR) regulations. The PMP was calculated using the
procedure outlined in the U.S. Department of Commerce's 1977
publication Hydrometeorological Report No. 49 - Probable
Maximum Precipitation Estimates, Colorado River and Great
Basin Drainages. With this procedure an accumulated rainfall
depth, incremental rainfall depth, and a rainfall distribution
pattern was developed for 6-hour time increments over a 72-hour
period. The 6-hour PMP was also analyzed and compared to the
72-hour  PMP. The 6-hour PMP with 1-hour time increments
produces the higher inflow peak which produces a higher stage
for the Powerline F.R.S., therefore it is controlling and is
utilized in this study (see Table 2.5). The total 6-hour PMP
is 11.08 inches.

10




TABLE 2.4

Probable Maximum Precipitation Data

Time
Increment 2 3 4 5 6
(hours)
Accumulated
Rainfall .02 8.73 9.54 10.29 10.76 11.08
Depth (in.)
Incremental
Rainfall .02 1:71 .81 +75 il .32
Depth (in.)
Synthetic
6 hour
Rainfall 47 .81 702 1571, 75 +32
Distribution
(inches)
Table 2.5
Comparison of the 72 hour PMP and the 6 hour PMP
on the Powerline F.R.S.
Maximum Flood
Peak Volume Reservoir Surface Maximum
Inflow (ac-ft) elevation Outflow
(cfs) (ft.m.a.s.l:) (cfs)
6 hour 80,000 21,100 1590.47 76,200
72 hour 32,800 31,400 1589.53 32,700
e




2.5 Rainfall Excess

In this study the SCS Curve Number method was used to estimate
rainfall excess. The Curve Numbers (CN) for the calibration
model were taken directly from the SCS Weekes Wash Study. The
SCS Technical Release 55 - Urban Hydrology for Small
Watersheds (Reference 13) was used to determine the CN for
future 1land use on areas that are currently agricultural or
undeveloped desert. The land use plans for the Tonto National
Forest do not include development therefore there was no change
in CN for the forest. The average lot size was estimated to be
between 1/4 acre to 1/2 acre with 257 to 38% impervious area,
and to have a hydrologic soil groups of mostly B and C. The
CN's were based on antecedent soil moisture condition II.

2.6 Unit Hydrograph Development

The wunit hydrograph technique is used in the subbasin runoff
component of the HEC-1 models to transform rainfall excess to
subbasin outflow. An SCS dimensionless unit hydrograph was
used in this study. This method uses CN, rainfall, and lag
time, defined as the lag (hours) between the center of mass of
rainfall excess and the peak of the hydrograph. By definition
lag time is equal to .6 times the time of concentration (Tc).
The time of concentration for the individual subbasins was
taken from the SCS Weekes Wash Study. For those subbasins that
wvere further divided, the time of concentration was calculated
by estimating the average velocity of the runoff over the
hydraulic 1length of the basin. The estimated velocities were
checked for reasonableness and used within the model.

2.7 Channel Routing

Both the Kinematic Wave method and the Muskingum method were
used to simulate the channel flow through each subbasin. The
washes in the study area are natural with 1little or no
improvements and therefore significant storage and attenuation
of the flood hydrographs was expected. The Muskingum method
was chosen for the channel routing because it provides for
attenuation of the flood wave and produces outflows that were
similar to those of the SCS Weekes Wash Study.

The Muskingum 'X' coefficient (weighting factor) was set equal
to 0.3. This coefficient can range in value from 0.0 to 0.5.
Using an X of 0.5 results in translation of the routed
hydrograph with minimal attenuation while an X of 0.0 would be
used for a reservoir.
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The Muskingum 'K' coefficient (storage constant) is the ratio
of storage to discharge and has the dimension of time. The
HEC-1 model assumes the K coefficient to be the travel time
through the channel reach. The travel time was computed by
estimating a velocity for a channel over the length of the
channel reach. The travel times from the FCD study were
checked with the travel times from the 1985 SCS study and were
found to be within a reasonable percentage of difference.

2.8 Storage Routing

Reservoir routing was used in the HEC-1 model to simulate the
two detention basins on the north side of the proposed
Superstition Freeway, and at the series of culverts along the
proposed Superstition Freeway east of Tomahawk Road. The
Superstition Freeway was not modeled in the SCS study.
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IITI. VEEKES WASH BREAROUT AT JUNCTION DRIVE

Weekes Wash has a wide floodplain with braided, and moderately
incised channels interrupted by many at grade road crossings.
Typically, these road crossings provide dips which are
insufficient to contain the flows. The potential for flows to
breakout is great at many different points. Cella Barr
Associates in a Flood Insurance Study for Weekes Wash, and A-N
West in their hydrology study for the Superstition Freeway
indicated a breakout in the vicinity between Superstition Road
and Junction Road. The SCS Weekes Wash Study assumed that all
the flow from Weekes Wash reached the Powerline F.R.S.. Lacking
technical data to determine the extent of the breakout, the FCD
took measures to quantify the breakout. Five cross- sections
were surveyed along Weekes Wash by Z & H Engineering, Inc. of
Phoenix, Arizona. The cross-sections were coded into the U.S.
Army Corps of Engineers' HEC-2 Water Surface Profiles model to
determine where the runoff would break out. By wusing the
multi-profile option in the HEC-2 a rating curve was developed
for the breakout. The breakout occurs at the point where
Weekes Wash crosses Junction Drive. Junction Drive slopes
toward the west and does not dip to allow the runoff to cross
the road, but instead flow parallel to the road to the west.
The rating curve for the breakout is shown in on the following
table.

TABLE 3.1

Weekes Wash Breakout Rating Curve

Inflow Breakout
(cfs) (cfs)
*
Existing Proposed
1000 228 0
3000 1024 0
5000 2182 0
6000 2767 0
7000 3668 260
9000 4716 1300
10000 5382 1880

The 100 year 24 hour flows are assumed to be channelized
and contained within the Powerline F.R.S. watershed.
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The ‘"existing" rating curve was incorporated into the HEC-1
Powerline F.R.S. Study. The flow from the 100 year storm above
the breakout is about 6000 cfs. The diversion into the East
Maricopa County Area Drainage Master Study area from the 100
year storm computed to be approximately 2800 cfs while 3200 cfs
stayed in the Weekes Wash system to the Powerline F.R.S..

It was assumed that culverts would eventually be placed under
Junction Drive and the 100 year flows would not breakout into
East Maricopa County. For all further runs the breakout of
Weekes Wash at Junction Drive was assumed to be maintained and
to reach the Powerline F.R.S..
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IV. MODELING ASSUMPTIONS

4.1 Magnitude of Flood for Dam Safety Analysis

Using the Arizona Department of Water Resources, Dam Safety
Guidelines, the Powerline F.R.S. currently has a "Hazard
Potential Classification" of "Significant", e.g. limited urban
development existing downstream from the structure. The "Size
Classification" of Powerline F.R.S. is considered a medium
dam. With these conditions the inflow design flood magnitude
is 1/2 the PMF.

The area downstream of the Powerline F.R.S. is predicted to be
a rapidly growing area within the next ten years. Therefore,
the "Hazard Potential Classification" would increase to "High".
The design flood magnitude would, therefore increase to PMF for
these conditions. Because there are many factors to consider
in the selection of the magnitude of the flood the "Guidelines
for the Determination of Spillway Capacity Requirements" only
provides ranges of flood magnitude. The Department of Water
Resources would review all the factors and require a specific
flood magnitude. Because the HEC-1 model allows for the easy
determination of both the 1/2 PMF and the full PMF
simultaneously, both flood magnitudes were analyzed.

4.2 Land Use Conditions:

The HEC-1 base model assumed existing land use conditions.
However, as a result of an FCD In-House Progress Review
(I.P.R.) 1is was decided that future land use conditions should
be used to model the watershed. Private lands were assumed to
be developed to 1/4 acre lots and 1/2 acre lots, which
represents current residential and commercial development
trends in the Apache Junction area. The Tonto National Forest
land was assumed to remain undeveloped. Retention of onsite
runoff was not assumed due to the physical difficulty of
incorporating retention in mountainous watersheds, and the lack
of a retention regulation in Pinal County. Table 4.1 show the
comparison of Curve Numbers used in the 1985 SCS Weekes Wash
Study, the FCD Study, and the A-N West Study for the
Superstition Freeway.

4.3 Weekes Wash Breakout:

As discussed in Section III, the Weekes Wash breakout was
assumed to be contained in the future land use conditions
within the Weekes Wash watershed because of the likelihood of
eventually channelizing the flow under Junction Drive. Flows
over that magnitude would split as described in Section III.
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TABLE 4.1

Curve Number Comparison
for the Powerline F.R.S. Analysis

Watershed FCD . SCS ‘ A-N Vest 4
(future) (existing) (future)
Freeway)
10 79 = -
17 79 79 87
16 82 82 88.5
15 80 80 87
14 79 79 86.5
13 83 83 90
12 86 86 92
11 89 82 91
2A 82 -- 82
2BE 82 - 84
2BWW 82 -- 83
2BWE 82 -- 83
2BS 80 -- --
5 85 81 -
4 86 81 -
7 86 _ =i s
6 83 79 =

lThe FCD analysis assumed future land use conditions.

2The 1986 SCS Weekes Wash Study assumed present land use
conditions.

3The AN Vest Study for the Superstition Freeway (Upper
Weekes Wash watershed).
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4.4 Superstition Freeway:

The proposed Superstition Freeway crosses the Powerline F.R.S.
watershed between Southern Avenue and Baseline Road, and is
approximately 2.25 miles north of the Powerline F.R.S. outlet
(See Figure 4.1). There were three sources that were used to
determine the flow under the Freeway: Superstition Freeway
Comprehensive Offsite Drainage Plan, (Reference 1) dated
February 1987, prepared by A-N West, Inc.; Final Drainage
Study Report for Superstition Freeway (SR. 360) - Ironwood
Drive to US 60, (Reference 2) dated November 1987, prepared
for the Arizona Department of Transportation, by Tudor
Engineering Company; and the final review plans for the
Superstition Freeway, Plan and Profile of Proposed State
Highway - Superstition Freeway, Maricopa - Pinal County, Power
Road to US 60, Phase II, (Reference 3) dated July 1988,
prepared by the Arizona Department of Transportation.

The section of Freeway from Ironwood Drive to Tomahawk has two
detention ponds. Rating curves for each facility were found in
both the Arizona Department of Transportation (ADOT) Final
Study Report and The Offsite Drainage Plan by A-N West. Both
sources had discrepancies in values for volume and discharge.
The FCD slightly modified these curves to reflect the Plan and
Profile sheets of ADOT.

4.4.1 ADOT Detention Basin at the North Diversion Structure

The purpose of the North Diversion Structure is to direct flows
to the Powerline F.R.S. that would naturally flow to the north
of the Powerline F.R.S.. The ADOT detention basin at the North
Diversion Structure will be constructed parallel to the Freeway
and will extend east from the North Diversion Structure toward
the Idaho Road underpass (see Figure 4.1). The basin was
designed to intercept all overland flows entering the Freeway
right-of-way from the north and northeast between the stations.
The basin has a 48 inch outlet pipe which discharges into an
existing collector channel on the upstream side of the North
Diversion Structure. The runoff then flows through two 10 x 6
foot box culverts.

The rating curves used in the A-N West design study indicates
the invert of the detention outlet pipe to be 1628. ADOT's
final plans show the invert of the pipe to be 1623.5. A-N West
design study also indicates the box culverts to be three 6 x 8
foot box culverts. The rating curves for both the outlet pipe
and the box culverts were recalculated.
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The top of the North Diversion Structure is at 1630. See
Appendix E-II for a schematic of the North Diversion Structure
at the Superstition Freeway. There appeared to be a
possibility of overtopping of the North Diversion Structure in
wvhich the runoff would breakout from the watershed. A rating
curve was constructed to estimate the flow that would breakout
over the North Diversion. A rating curve for the two 10 x 6
foot box culverts was entered into the model and the flow over
the maximum capacity of the culverts were diverted from the
Powerline Dam. The 100 year flood was contained behind the
North Diversion Dam and passed through the ADOT box culverts.
Diverted flows occurred during the 1/2 PMF and the full PMF.
The estimated diverted flows are 1050 cfs for the 1/2 PMF and
3360 cfs for the full PMF.

The road profile from ADOT's Final Plan and Profile for the
Superstition Freeway was analyzed to determine the flow pattern
of runoff if it overtopped the road. The road profile of the
Superstition Freeway has a slope of 1.67Z7 toward the east of
the two box culverts and .86Z toward the west of the box
culverts. The slope of the road profile is greater than that
of the runoff flows south, therefore most of the flow will
follow the Freeway west 1000 feet to the low point in the
profile. Since the North Diversion Structure is the west
boundary for the watershed, any runoff that is diverted at this
point will not enter the Powerline Dam, but might impact the
Powverline Floodway.

4.4.2 ADOT Detention Basin at Weekes Wash

The ADOT detention basin for the Superstition Freeway at Weekes
Wash 1is designed to intercept overland flows associated with
Weekes Wash. See Appendix E-III for a schematic of the Weekes
Wash detention basin at the Superstition Freeway. The plan
shows the basin to be constructed parallel to the Freeway and
will extend east from Idaho Road to just west of Tomahawk Road
underpass. The surface area of the basin is approximately 24
acres and has a maximum storage volume of about 220 acre-feet.
The outlet for the basin consists of two 12 x 12 concrete box
culverts. The outlet channel for the basin will follow the
Royal Palm Road alignment from the Freeway to Baseline Road,
where the channel will connect into the existing Weekes Wash
channel. Approximately 3,150 feet of the outlet channel from
the basin will be lined with reinforced concrete and have a
tapezoidal cross section. The bottom width of the channel will
be 35 feet and have sideslopes with the ratio of one and
one-half horizontal to one vertical.
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The rating curves for the Weekes Wash detention basin and the
outlet culverts were reviewed. The stage-storage relationship
calculated in-house was not consistent with the curve prepared
by A-N West. The average-end area method was used in-house to
calculate the volume of the detention basin. The volume
calculated by the FCD is approximately 1/2 of the A-N West
values (see Appendix E-III for calculations). Independently
the volumes were checked and verified by other FCD staff. The
A-N VWest report does not specifically explain the methodology
used to calculate the volume. It was assumed the A-N West study
was done prior to the final design, and that the FCD lacked the
final design curves. The road profile from ADOT's Final Plan
and Profile for the Superstition Freeway was analyzed to
determine the flow pattern of runoff if it overtopped the road.
The profile is similar to that discussed for the North
Diversion Structure detention basin. Most of the flow that
overtops the road would travel 1000 feet west of the two 12 x
12 foot box culverts along the Freeway to a low point in the
road. The runoff then flows south across the road entering a
tributary of Weekes Wash which joins the main wash after the
transition from a concrete lined channel to the natural wash.
This system was modeled to more accurately simulate the actual
flow pattern.

4.4.3 Culverts

Drainage from Tomahawk Road to U.S. 60 along the freeway will
be passed through a series of culverts. Surface runoff
entering the Freeway right-of-way east of Tomahawk Road is
fairly well contained in a network of existing washes. The
washes naturally concentrate runoff at locations where culverts
can pass peak discharges through the Freeway embankment without
impacting the upstream floodplain. A-N West developed a rating
curve for the combined culverts. This rating curve was checked
for reasonableness and used in the FCD study.
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4.5 Powerline F.R.S.

4.5.1 Spillway Rating Curve

The discharge estimates for the principle and emergency
spillways were taken from the SCS November 1967 notebook
entitled: Powerline Dam, Hydrology and Hydraulics and
Structure Design (Reference 12). The SCS 1985 Weekes Wash

Study used this rating curve and adjusted the elevations as a
result of the dam site being moved upstream 200 feet to
accommodate the right-of-way for the Central Arizona Project
Aqueduct. The parameters concerning the structure were nearly
the same but only translated 1.1 foot higher in elevation. The
documentation for the method that SCS used to determine the
Emergency Spillway Rating Curve is not presented in the
notebook and it is not clearly shown how the wvalues were
determined. The spillway crest is located within the emergency
outlet channel. A simple weir calculation for estimating the
flow through the emergency spillway would not accurately
reflect the flow, since backwater in the outlet channel could
"submerge" the weir. Therefore, the Army Corps of Engineer's
HEC-2 VWater Surface Profile computer model was used to develop
the rating curve. See Volume II for the HEC-2 map, input, and
output. The rating curve developed by the FCD indicates that
the spillway has more capacity than what was represented in the
SCS Weekes Wash Study. Table 4.2 shows the comparison of the
discharges for each study. A cross check with a weir
calculation was also made to determine reasonableness of the
results.

The HEC-2 program documents a situation that is not apparent in
the SCS study. The emergency spillway outlet channel has banks
4 feet in height, designed to prevent flows from flowing along
the toe of the F.R.S. (see Appendix F for a schematic of the
emergency outlet channel). At about 15,000 cfs the outflow
begins to overtop these channel banks. The HEC-2 program
indicates the height that the bank would need to be extended to
contain the total outflow for emergency spills. For an outflow
of 29,000 cfs over the emergency spillway the banks would need
to be raised a minimum of 2 feet at the crest and 1 foot
downstream. The outflow in the FCD study with future land use
conditions for the 1/2 PMF is 20,100 cfs and the PMF is 76,200
cfs (including flows over the dam). It is estimated that the
maximum flow through the emergency spillway without overtopping
the dam is 22,000 cfs.

If flows were to overtop the banks of the emergency spillway
then a hazardous situation would occur. Some of the overtopped
flows would be trapped in the area between the toe of the dam
and the banks of the emergency spillway. This could lead to
possible erosion to the structures as water would then flow
between the outlet-bank and the toe.

22




TABLE 4.2

Comparison of Discharge between
the 1985 SCS study and the FCD Study

* %

SCS Study FCD Study Weir
Values
Stage Storage Outflow Outflow Outflow
(msl) (ac-ft) (cfs) (cfs)
1568.1 0 0 0
1568.2 175 75 75
1570 .1 380 92 92
1572.1 700 106 106
1574.1 1100 119 119
1576.1 1600 130 130
1578.1 2175 141 141
1580.1 2875 150 150
1582.1 3675 159 159
* 1583.3 4200 165 165
1584.1 4600 668 1228 1060
1586.1 5525 4426 7360 7195
1588.1 6725 11,084 16,800 15,770
1590.1 7925 20,092 27,280 26,600

* Spillway Crest Elevation.

* %
Q=Cd L h3/2 + 165(cfs) (165 is the flow through
principle spillway)
Cd = 2.5
L = 600 feet
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V. RESULTS

5.1 Superstition Freeway Impact

The Superstition Freeway was modeled to determine the effect it
would have on the Powerline F.R.S. and because it will be a
significant local structure. The Superstition Freeway did not
have any significant effects on Powerline F.R.S.. The breakout
during the 1/2 PMF and the full PMF at the North Diversion
Structure is not significant because Siphon Draw still
dominates the inflow hydrograph to the Powerline F.R.S..

5.2 100 Year Flood

The 100 year 24 hour storm produces a peak outflow from the
structure of about 1700 cfs, and a water surface elevation of
1584.25 at 20.67 hours. The emergency spillway is at 1583.3,
therefore, there is almost 1 foot of runoff flowing through the
emergency spillway. Since the difference between the top of
the structure and the water surface elevation for the 100 year
storm is greater than 3 feet, the structure is within ADWR dam
safety guidelines for this event. Although there is enough
freeboard, the emergency spillway is in operation. Technically,
if the area downstream is to be protected from the 100 year
flood, then there should be no outflow through the emergency
spillway, which is not the case.

The Weekes Wash Breakout is assumed to be contained with no
flows leaving the watershed.

The Siphon Draw watershed contributes a peak discharge of about
13,000 cfs, 13.67 hours after the start of the rainfall, while
the Weekes Wash watershed contributes a peak discharge of 4800
cfs, 14.83 hours after the start of the rainfall. The combined
hydrographs into the Powerline F.R.S. produces a peak
discharge of about 14,300 cfs at 13.67 hours.

Although the FCD study did not use an areal reduction for the
final computer model, an analysis was done to determine the
effects on the Powerline F.R.S.. The NOAA method had a volume
of 5250 ac-ft of runoff entering the storage area behind the
Powerline F.R.S., a maximum reservoir water surface elevation
of 1584.07, and a maximum outflow of 1200 cfs. The Osborn
method had a volume of 3200 ac-ft of runoff entering the
storage area behind the Powerline F.R.S., a maximum reservoir
water surface elevation of 1580.54, and a maximum outflow of
152 cfs which does not spill into the emergency spillway
channel.
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5.3 Probable Maximum Flood

During the 1/2 Probable Maximum Flood, approximately 5000 cfs
will breakout at the intersection of Junction Drive and Weekes
Wash while 930 cfs will breakout from the intersection of the
Superstition Freeway and the North Diversion Structure
detention basin. The total volume of runoff being diverted
from the watershed is 450 acre feet. The Siphon Draw watershed
contributes a peak discharge of about 33,170 cfs, 4.33 hours
after the start of the rainfall, while the Weekes Wash
watershed contributes a peak discharge of 11,000 cfs, 5.33
hours after the start of the rainfall. The combined
hydrographs into the Powerline F.R.S. produces a peak inflow
of about 40,300 cfs at 4.67 hours. The 1/2 PMF produces an
outflow from the structure of about 20,060 cfs, and a water
surface elevation of 1588.72 at 6.33 hours. Although the water
surface elevation for this storm does not overtop the structure
there is less than five inches of freeboard.

During the Probable Maximum Flood approximately 13,500 cfs will
breakout at the intersection of Junction Drive and Weekes Wash
wvhile 3100 cfs will breakout from the intersection of the
Superstition Freeway and the North Diversion Structure
detention basin. The total volume of runoff being diverted
from the Powerline F.R.S. 1is 1690 acre-feet. The Siphon Draw
watershed contributes a peak discharge of about 66,340 cfs,
4.33 hours after the start of the rainfall, while the Weekes
Wash watershed contributes a peak discharge of 19,070 cfs, 5.17
hours after the start of the rainfall. The combined
hydrographs into the Powerline F.R.S. produces a peak
discharge of about 80,000 cfs at 4.50 hours. The PMF storm
produces an outflow from the structure of about 76,200 cfs, and
a water surface elevation of 1590.47 at 5.00 hours. The PMF
will overtop the structure by 1.4 feet for a duration of just
over 2.83 hours.
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VI. ALTERNATIVES

The results from the FCD study indicates that the Powerline
F.R.S. emergency spillway will spill during the 100 year, 24
hour storm, and that the PMF will overtop the structure for
future 1land use conditions. Since these are the two criteria
for which the Powerline F.R.S. will be based as safe or not,
then alternatives must be considered to meet the criteria.

Because of the spillway type and associated discharge
relationships, it was felt that modifying the emergency
spillway was not a valid option. Therefore, the other
alternatives had to deal with increasing the volume behind the
structure.

Alternative G is the analysis with no changes from the final
assumed conditions. All alternatives will be compared to
Alternative G for the "Total Volume Leaving the Powerline
F.R.S. Watershed (including Weekes Wash Breakout and Breakout
at North Diversion Dam)"; "Peak Flood Reservoir Water Surface
Elevation"; "Inflow to Powerline F.R.S. (cfs)"; and "Outflow
from Powerline F.R.S. (cfs)". See Table 6.1 for a comparison
of all the alternatives.

6.1 Alternative A : Excavate More Volume

The first alternative simulated an increase in the available
storage behind the structure. It was assumed that the bottom
of the storage area would be graded flat (realistically there
would be a slight slope toward the principle spillway) at an
elevation of 1570. This would result in the maximum volume of
excavation behind the structure. The grading would begin at
the spillway crest elevation of 1583.3 and go toward the
structure at a 10:1 sideslope until the elevation of 1570 was
reached. The stage-storage-discharge rating —curve was
recalculated and entered into the models.

During the 100 year storm the water surface elevation dropped
from 1584.35 to 1582.52 (no flow over the emergency spillway),
and the maximum outflow dropped from 1703 cfs to 161 cfs. When
the new rating curve was entered into the PMF simulation the
wvater surface elevation dropped from 1588.72 to 1587.65 for the
1/2 PMF, and remained the same at 1590.4 for the full PMF.
There would be a little more freeboard during the 1/2 PMF but
the full PMF would still overtop the structure by 1.4 feet.
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Table 6.1

Comparison of Alternatives

P o e e e e e e 0 e R S S B o B e s e R e R T +
I | | |
| 100 year, 24 hour | 1/2 PMF | PMF |
| I | |

R — B RO e et o ot e P e i e L e s e e e +

| Alternative | 1 2 3 4 | 1 2 3 4 | 1 2 3 4

Frmm e e —— F o ——————— F e ————— e —————— +

I I | | I

| A | - 1582.52 14,300 161 | 454 1587.65 40,300 15,600 | 1687 1590.40 80,000 72,700

I I | | I

| * B | - 1584.25 14,300 1703 | 454 1588.72 40,300 20,100 | 1687 1590.49 80,000 36,500 |

| | | | |
| * C | - 1582.52 14,300 161 | 454 1587.65 40,300 15,600 | 1687 1590.38 80,000 34,900 |
| I | | |
| D | - 1583.79 14,050 812 | 57 1588.15 36,400 17,100 | 1068 1590.32 74,800 68,300 |

I | | | |

| E | 1036 1583.66 14,000 641 | 1606 1588.18 36,800 17,200 | 3017 1590.41 77,500 73,200 |

I I | | |

| F | 1036 1583.66 14,000 641 | 2225 1587.75 36,200 15,100 | 4591 1590.28 74,200 65,800 |

I | | | |

| G | - 1584.25 14,300 1703 | 454 1588.72 40,300 20,100 | 1687 1590.47 80,000 76,200 |

| I | | |

e e S S S R R S RSP e e e e e e A S S M S g +

A - Excavation 1 - Total Volume leaving the Powerline F.R.S. Watershed

B - Raise structure (includes Weekes Wash Diversion at Rt. 80 and Breakout at North Diversion Dam)
C - Combine A and B 2 - Peak Flood Reservoir Water Surface Elevation

D - Weekes Wash Dam 3 - Inflow to Powerline F.R.S. (cfs)

E - Diversion of 100 year, 24 hour 4 - Outflow from Powerline F.R.S. (cfs)

flows at Rt. 80 to Apache F.R.S.
F - Diversion of all flows at RT. 80
to Apache F.R.S.
G - Do Nothing

Top of Spillway : 1583.3
Top of Dam : 1589.1
* Top of Dam : 1590.6



6.2 Alternative B : Raise Powerline F.R.S.

The second alternative creates more volume by raising the
height of the structure. In this simulation the Powerline
F.R.S. was raised 1.5 feet to an elevation of 1590.60, which
would contain all the runoff behind the structure.

The water surface elevation for the PMF would be 1590.49 with
outflow at about 36,500 cfs, and a storage volume of 12,000
acre-feet. With the structure raised by 1.5 feet, the PMF
would not overtop the structure, but there would be about .11
feet of freeboard.

The existing emergency spillway only has 4 foot high banks with
a capacity of about 15,000 cfs, as previously discussed. If
the structure was raised, then the spillway banks would also
need to be raised to allow for the spillway to work
effectively. In the model, the emergency spillway banks were
raised by approximately 3 feet at the spillway crest and about
2 feet downstream.

6.3 Alternative C : Combination of Alternatives A and B

Alternative A will only solve the problem of emergency spills
during the 100 year flood, while Alternative B will only solve
the problem of flows overtopping the structure during the
Probable Maximum Flood. Therefore, a combination of
Alternative A, excavation of an additional 1540 ac-ft; and
Alternative B, raising the structure by 1.5 feet to an
elevation of 1590.6 was modeled. The combination of the two
alternatives will allow the Powerline F.R.S. to meet all the
Dam Safety criteria for future conditions.

The peak flood reservoir water surface elevation for the PMF at
the Powerline F.R.S. would drop about an inch to 1590.38. The
peak flood reservoir water surface elevation for the 100 year,
24 hour storm would be 1582.52. Therefore there would not be
spills through the emergency spillway channel.

6.4 Alternative D : Proposed Weekes Wash Dam in Place

The stage-storage-discharge curve was taken directly from the
1985 SCS Weekes Wash Study. The data was developed by Rex
Stone and S.M. Krahenbuhl for the SCS during the watershed work
plan development. The SCS checked the data with the December
1983 Design Hydrology Analysis and found the data to be
satisfactory and was therefore used in their analysis.

The 1location of the proposed Weekes Wash Dam is just north of
Apache Trail.
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The proposed Weekes Wash Dam did not make a significant
difference in the peak flood reservoir water surface elevation
at Powerline F.R.S. for any of the storms. The water surface
elevation for the 100 year, 24 hour storm was reduced by 0.45
feet which still indicates spills through the emergency
spillway. The 1/2 PMF and the PMF have a reduction of water
surface elevations at Powerline F.R.S. of about 0.6 feet and
0.17 inches, respectively. The 1/2 PMF has an increase of
freeboard to 0.95 inches, while the PMF will still overtop the
Powerline F.R.S. by 1.2 feet for a duration of 3 hours.

6.5 Alternative E : Diversion of 100 year, 24 hour flows at
Apache Trail (Rt. 80) to Apache F.R.S.

One of the alternative analyzed by SCS was the diversion of
flows at the proposed Weekes Wash Dam site to Apache F.R.S..
Alternative E assumes that the diversion structure would be
designed to carry only the 100 year, 24 hour storm.

During the 100 year, 24 hour storm there would be 1036 ac-ft of
runoff leaving the Powerline F.R.S. watershed. The peak flood
reservoir water surface elevation at Powerline F.R.S. would be
1583.66. There would still be spills through the emergency
spillway.

During the PMF and the 1/2 PMF, 3017 ac-ft and 1606 ac-ft,
respectively, of runoff would leave the Powerline F.R.S.
wvatershed. The peak flood reservoir water surface elevation at
Powerline F.R.S. would be 1590.41 and 1588.18 for the PMP and
1/2 PMF, respectively. Flows would still overtop the structure
during the PMF.

6.6 Alternative F : Diversion of All Flows at Apache Trail
(Rt. 80) to Apache F.R.S.

The total diversion of flows from the Upper Weekes Wash
subbasin at Rt. 80 to Apache F.R.S. would result in the peak
flood reservoir water surface elevation at Powerline F.R.S. for
the PMF of 1590.28. Overtopping of the structure would still
occur.
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6.7 Alternative G : Do Nothing

This alternative suggests that no structural modification would
be done. This alternative could be considered feasible if the
dam safety criteria were based on the current 1land use
conditions downstream. The required design flood magnitude for
this alternative would be the 1/2 PMF. The model shows that
the 1/2 PMF would not overtop the structure, then the Powerline
F.R.S. would be within the criterion for the design flood
magnitude. There would still be the question of the 100 year
spills through the emergency spillway. In the future this
structure would likely not meet ADWR Dam Safety criteria.
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VII. CONCLUSIONS

This study was initiated in response to the 1985 SCS Weekes
Wash Study. The SCS has different criteria for design storms
than the Arizona Department of Water Resources (ADWR). Because
the governing agency in Arizona is ADWR, Department of Dam
Safety, their dam safety criteria are the controlling criteria.
If this study determines that during the design storms Dam
Safety Criteria is not met, then alternatives will be suggested
to allow the Powerline F.R.S. to meet the criteria.

This study shows that for future land use conditions upstream
of Powerline F.R.S. there will be emergency spills during the
100 year 24 hour storm, the PMF will overtop the structure, and
the 1/2 PMF will only have 4.6 inches of freeboard from the
Peak flood reservoir water surface elevation and the top of the
dam.

Powerline F.R.S. was designed to protect the downstream areas
from the 100 year, 24 hour storm. Therefore, there should be
no spills through the emergency spillway during this frequency
storm. Alternative A and C are the only two alternatives that
allow Powerline F.R.S. to meet this criterion.

The recommended spillway design flood for current downstream
land use, using future land use conditions upstream is the 1/2
PMF. All the alternatives meet this criterion.

According to downstream land use trends, the area will develop
rapidly within the next ten years. This conditions would
change the hazard category according to Dam Safety Criteria to
"High", which in turn would raise the design flood magnitude to
1/2 PMF - PMF. Since this criteria is only a recommendation by
the Department of Dam Safety, they would look at other factors
to specify the exact design flood magnitude. Alternatives B
and C are the only alternatives that allow Powerline F.R.S. to
meet this criterion.

We would recommend using the PMF for the design flood
magnitude. This would allow for the maximum protection of
future downstream development. The Flood Control District
currently has the financial ability to bring Powerline F.R.S.
to future standards. It is not known if in five to ten years
from now we will still be in that financial situation.
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Alternative C is the preferred alternative for the Flood

Control District of Maricopa County. Alternative C is the only
alternative that meets all the Dam Safety Criteria for future
land wuse upstream and downstream of Powerline F.R.S.. The
excavation of storage behind Powerline F.R.S. was an estimate.
The excavation assumed, showed the peak flood reservoir water
surface elevation to be 1582.52, over 9 inches below the
emergency spillway crest. Further refinement of the excavation
will eventually need to be made.

A meeting of the Flood Control District of Maricopa County, the
Soil Conservation Service, the Arizona Department of Water
Resources - Dam Safety Division, an other pertinent entities
should be held to discuss possible alternatives for Powerline
F.R:S8.. Since ADWR will be the governing agency over the
structure, their input will be important in the final decision
for establishing the criteria (future or present) and choosing
the alternative which meets all the criteria.

32




10.

REFERENCES

A-N Vest, Inc., Superstition Freeway Comprehensive Offsite
Drainage Plan, February 1987.

Arizona Department of Transportation, Tudor Engineering
Company, Final Drainage Study Report for Superstition Freeway
(SR. 360) - Tronwood Drive to US 60, November 1987.

Arizona Department of Transportation, Plan and Profile of
Proposed State Highway - Superstition Freeway, Maricopa -
Pinal County, Power Road to US 60, Phase II, July 1988.

Arizona Highway Department Bridge Division, Hydrologic Design
for Highway Drainage in Arizona, December 1968, revised June
1975.

Culvert Program, developed using U.S. Department of
Transportation's Hydraulic Design of Highway Culverts (Highway
Engineering Circular #5) as a guide.

Lawrence, Dan Roger, Guidelines for the Determination of
Spillway Capacity Requirements, Arizona State Department of
Water Resources, Division of Dam Safety, February, 1984.

Miller, J.F., R.H. Frederick and R.F. Tracey. Precipitation -
Frequency Atlas of the Western United States, VIII: Arizona,
NOAA Atlas 2, National Weather Service, National Oceanic and
Atmospheric Administration, Silver Spring, MD., 1973.

Osborn, Herbert B., Leonard J. Lane, Vance A. Myers,
Rainfall /Watershed Relationships for Southwestern
Thunderstorms, Reprinted from the Transactions of the ASAE
(Vol. 23, No. 1, pp. 82,83,84,85,86,87,91), 1980.

U.S. Army Corp of Engineers, Hydrologic Engineering Center,
HEC-1 Flood Hydrograph Package User's Manual, Davis,
California, September 1981, revised March 1987.

U.S. Army Corp of Engineer, Hydrologic Engineering Center,
HEC-2 Water Surface Profiles User's Manual, Davis, California,

33




11,

12.

13.

14.

15.

16.

U.S. Department of Agriculture, Soil Conservation Service, in
cooperation with U.S. Department of the Interior, Bureau of
Indian Affarirs and Bureau of Land Management, and the Arizona
Agricultural Experiment Station, Soil Survey of
Aguila-Carefree Area, Parts of Maricopa and Pinal County,
Arizona, Issued April 1986.

U.S. Department of Agriculture, Soil Conservation Service,
Powerline Dam, Hydrology and Hydraulics and Structure Design,
November 1967.

U.S. Department of Agriculture, Soil Conservation Service,

Technical Release 55 - Urban Hydrology for Small Watershed,
June 1986.

U.S. Department of Agriculture, Soil Conservation Service,
Weckes Wash - Powerline Dam Analysis, November 1985.

U.S. Department of Agriculture, Soil Conservation Service,
Arizona Irrigation Guide, Part 681 Soils, 1986.

U.S. Department of Commerce, Hydrometeorological Report No. 49
- Probable Maximum Precipitation Estimates, Colorado River and
Great Basin Drainages, 1977.

34




APPENDIX A

PRECIPITATION DATA

App-1




APPENDIX A-I

100 YEAR STORM

l App-2




ADDENDUM to "HYDROLOGIC DESIGN FOR

HIGHWAY DRAINAGE IN ARIZONA'" April 1975

Steps to be used to determine precipitation values for various dura-

tions and return periods.

STEP 1. From the precipitation maps in the manual "Hydrologic
Design for Highway Drainage in Arizona', determine the precipi-
tation values for the 6 and 24 hour duration storms for return

100 years. Tabulate these values

periods of 2, 5, 10, 25, 50 and
in Table 1 in the column headed

'‘Map Values'

Table A-1

100 Year Precipitation for

Powerline F.R.S. Apache Junction - Gilbert Watershed

(Reference 4)

Return Period Precipitation Values (inches)
(Years) < ;
6 hour duration 24 hour duration
Map Corrected Map Corrected
Value Value Value Value
2 1.6 1.6
.2 2.15
5 2
10 2.6 2.5
25 3.0 3.0
50 345 3.4
100 3.8 3.85

NOTE: There is a possibility of making an error while reading the
maps because, (1) a site is not easy to locate precisely on a series
of 12 maps, (2)there may be some slight registration differences
in printing, and (3) precise interpolation between isolines is diffi-

cult.

In order to minimize any errors in reading the maps, these

values should be plotted on the diagram ""Precipitation Depth versus

Return Period'" Fig. 1.
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(inches)

Precipitation Depth

Project No. _Powerline F.R.S. Station

Apache Junction - Gilbert Watershed

(Reference 4)

405

-
\ 7

2 3
)
2
5
|
, Lo
2 5 10 25 50 100

Return Period In Years, Partial- Duration Series

Figure a-1 Precipitation Depth Versus Return Period for
Partial — Duration Series for the
Apache Junction - Gilbert Watershed
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PC
PC
PC
PC
PC
PC
PC
PC
PC
PC

0

.029
.064
.110
.181
.735
.856
.913
.953
.983

.002
.032
.068
.115
.191
.758
.863
.918
.956
.986

.005
.035
.072
.120
.203
.766
.869
.922
.959
.992

Table A-2

SCS Type II Distribution

.008
.038
.076
.126
.218
.791
.875
.926
.962
.995

App-5

.011
.041
.080
.133
.236
.804
.881
.930
.965
.998

.014
.044
.085
.140
.257
.815
.887
.934
.968
1.000

.017
.048
.090
<147
.283
.825
.893
.938
.971
1.000

.020
.052
.095
.155
.387
.834
.898
942
.974
1.000

.023
.056
.100
.163
.663
.842
.903
. 946
.977
1.000

.026
.060
.105
172
.707
.849
.908
.950
.980
1.000
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Table A-3 --General-storm PMP computations for the Powerline F.R.S. Watershed
(Reference 16)
Drainage Powerline F.R.S. Area 46.3 mi’ (kmz)
Latitude 33°20' , Longitude ]1]1]%f basin center
Month _Sept.
Step Duration (hrs)
6 12 18 24 48 72
A. Convergence PMP
1. Drainage average value from
one of figures 2.5 to 2.16 13.8n. (mm)
2. Reduction for barrier-
. elevation [fig. 2.18] 86 Z
3. Barrier-elevation reduced
PMP [step 1 X step 2] 11.87 in. (mm)
4. Durational variation
[figs. 2.25 to 2.27
and table 2.7]. 76 90 96 100 111 1152
5. Convergence PMP for indicated 9.02 10.68 11.40
durations [steps 3 X 4] 11.87 13.18 13.65 in. (mm)
6. Incremental 10 miZ (26 km?)
PMP [successive subtraction
in step 5] 9.02 1.66 0.72 0.47 1.31 0.47 in. (mm)
7. Areal reduction [select from
figs. 2.28 and 2.29] 89 97 98 99 100 100z
8. Areally reduced PMP [step 6 X
step 7] 8.03 1.61 0,71 0.47 Q.47 0,47 in. (mm)
9. Drainage average PMP [accumulated
values of step 8] 8.03 9.64 10.35 10.82 11.29 11.76in. (mm)
B. ic I
Orographic PMP (EEVth£ .
1. Drainage average orographic index from figure 3.1lla to d'4 -0 4n. (mm)
2. Areal reduction [figure 3.20] 93 2
3. Adjustment for month [one of
figs. 3.12 to 3.17] 100%
4. Areally and seasonally adjusted
PMP [steps 1 X 2 X 3] 1.86 in. (mm)
S. Durational variation [table
jF?] 36 63 84 100 140 159 2
6. 0}ographic PMP for given dur-
ations [steps -4 X 5] 0.66 1.17 1.56 1.86_2.60 2.96 in. (mm)
S Falel. b 8.69 10.81 :
1. Add steps A9 and B6 11.91 12,68 13,89 14,72 in. (mm)
2. PMP for other durations from smooth curve fitted to plot of computed data.
3. Comparison with local-storm PMP (sce sec. 6.3).
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Table A-4 -—Local-storm PMP computation for the Powerline F.R.S. Watershed
(Reference 16)

. i 2 2
Drainage Powerline F.R.S. Area 46.3 mi~ (km")
Latitude _33°20' Longitude 111°30 Minimum Elevation ft (m)
Steps correspond to those in sec. 6.3A.

1. Average 1l-hr 1—mi2 (2.6—km2) PMP for 11.5 in. (mm)

drainage [fig. 4.5].

2. a. Reduction for elevation. [No adjustment
for elevations up to 5,000 feet (1,524 m):
5% decrease per 1,000 feet (305 m) above
5,000 feet (1,524 m)]. 100 %
b. Multiply step 1 by step 2a. 11:5 in. (mm)
3. Average 6/1-hr ratio for drainage [fig. 4.7]. 1.32
Duration (hr)
1/41/23/4 1 2 3 & 5 6
4. Durational variation

for 6/1-hr ratio of

step 3 [table 4.4]. 72 88 95 100 115 122 126 130 132 ¢
5. 1-mi’ (2.6-ka’) PMP fors.28 10.12 10.92 11.50

indicated durations

[step 2b X step 4]. 13.23 14.03 14.49 14.95 15.18 in. (mm)
6. Areal reduction

[fig. 4.9]. 48 56 58 61 66 68 71 72 73 %

7. Areal reduced_PMP 3.97 5.67 6.33 7.02

[steps 5 X 6]. 8.73 9.54 10.29 10.76 11.08 in. (mm)
8. Incremental PMP

[successive subtraction

in step 7]. 7.02 1.71 0.81 0.75 0.47 0.32 in. (mm)

3.97 1.70 0.66 0.69 } 15-min. increments
9. Time sequence of incre-

mental PMP according to:

Hourly increments
[table 4.7]. 0.47 0.81 7.02 1.71 0.75 0.32 in. (mm)

———— e —

Four largest 15-min.
increments [table 4.8]. 3.97 1.70 0.69 0.66 in. (mm)
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IN

PB

PI

PI

72

Table A-5

hour Distribution of the PMP for the Powerline F.R.S. Watershed

360

14.72

1.045

0.282

using the McMicken Dam Hydrology (TES, JMR 1987)

2.157 6.751 1.220 0.609 0.609 0.609 0.609 0.282 0.282

0.282

Table A-6

6 hour Distribution of the PMP for the Powerline F.R.S. Watershed

IN 60
PB 11.08
PI 0.47

(Reference 16)

0.81 7.02 1.71 0.75 0.32
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factor: 27.5

254.
10 15
11 20.
12 37
13 36.
14 31,
15 50.
16 61.
17 10.

148.
2A 30.
2BE 33.
2BWW 12.
2BVWE 19.
2BS 52.

733.
3N 78.
38 65.
3A 32.
4 323.
S5 153.
6 214.
7 16.

Table B-1

Revised Drainage Areas for
the Powerline F.R.S. Watershed

Watershed Reading

Upper Weekes Wash Watershed:

7

S 000 L0 NO W

Lower Weekes Watershed:

0

bLwes o

Siphon Draw Watershed:

8

S W oo oo

arm length of planimeter: 25.0
scale of map: 1:24,000

Area (sq. mi.) Adjusted Area SCS Study
9.26
.56 54 oS7
.73 .70 .63
1.37 1.32 1.43
1.34 1.29 1.35
1.15 1all 1.16
1.82 1.76 1. 7L
2.24 2.16 2.24
.38 37 .21
9.59 9.25 9.30
5.38
1.09 1.08
1522 135
.45 .88
.70 .46
1.91 2.10
5«37 5.88

Total Weekes Wash Watershed Area:

Total Powerline F.R.S. Watershed Area:

App-12

(arm length - 30.0 factor - 22.61)

2.89 2.85
2.39 3.07
1.20 1.19
11.85 13.311
5.65 552
7.86 7.17
.61 +S7
| | 33.48
| 32.45 |
e e
47.07 sq. miles 46.03 sq. miles




APPENDIX C

AREAL REDUCTION CALCULATIONS

App-13




APPENDIX C-I

NOAA METHOD

App-14




Figure C-1
NOAA Areal Reduction

Area % Inches
sq.mi.
B .01 100 3.85
P ——
ko 10 98.8 3.80
30 96.5 B 2
'\ 50 95.3  3.67
_ o 6-Hour
\ .
'g \ |
'? 3-Hour
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S 2hr_
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s [— 1-Hour
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=
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10 30 50 '
Area (Square Miles) Precipitation - Frequency Atlas of the Western United States,

VIII:Arizona, NOAA Atlas 2

(Reference 7)
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Figure C-2

Osborn Areal Reduction

Rainfall/Watershed Relationships for Southwestern

Thunderstorms, Osborn, Lane, Myers

(Reference 8)

(N0 T T T
Area % Inches
(sq. mi.)
.01 100 3.85
e R~ 87.8 3.38
30 76.4 2.94
50 69.1 2.66

08

07

|
|
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| I
o6f ——1 .
L
|
L
|
0S|
co
T
[y
Oal l ! b L
010 30 S0 100 150 200

AREA (wm?)

Comparison of point-to-area rainfall
rntios for 2-yr and 100-yr events for Walnut
Gulch.
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A-N Vest Engineering

Table D-L

Comparison of the Breakout Flows
for the Upper Weekes Wash

North of Highway 60

DI

100

1065

7500

10000

12500

Flood Control District

—DQ DI
0 0
0
1000
580
3000
5000
6000
7000
3750
9000
4000 10000
5000
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228

1024

2182

2767

3668

4716

5382
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Figure D-2

TOTAL FLOW OF 5880 ENTERING
DECREASE DUE TO THE BREAKOUT
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Figure D-3
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Figure D-4
WEEKES WASH BREAKOUT AREA
BETWEEN SCENIC AND JUNCTION DRIVE,
CROSS—-SECTION NO. 1.000
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Figure D-'5

WEEKES WASH BREAKOUT AREA
BETWEEN SCENIC AND JUNCTION DRIVE,
CROSS-SECTION NO. 2.000
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Figure D-6

WEEKES WASH BREAKOUT AREA
BETWEEN SCENIC AND JUNCTION DRIVE,
CROSS—-SECTION NO. 3.000

10297
) o n m o m o
5 <4—.035—P=<}—- .070 p 9 4079 5 8 B
1026
y e
4
» \
1023 \
= \
z \
&g 10207 \
ae] )
1 \
S g \
=~ L \ P~
/\ \ /' ’
(J | \ =~ \ |
i 1017 \ r/ j
[ ' , \ |
i \ [ \// !
i {
1014 \ / ;
' /
& \_ |
| \ s |
10117 \ / \ /_/
| \‘/
1003+‘1"“' l"“'"r‘“"‘f_"’f"‘—] IS B A S S SR T v T | B T T T T 1 L T T T T . T 1

i ]
8400 8700 9000 89300 9600 9800 10200 10500 10800 11100 11400 14700

DISTANCE



¢g-ddy

LEVA

ON

b
}...

<i

w

E_E & N B e e "I S B N S ' . Ill"ll -

1011

¥ Y |

10087

1005"

Figure D- 7

WEEKES WASH BREAKOUT AREA
BETWEEN SCENIC AND JUNCTION DRIVE,
CROSS—-SECTION NO. 4.000
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Figure D-8

WEEKES WASH BREAKOUT AREA
BETWEEN SCENIC AND JUNCTION DRIVE,
CROSS—-SECTION NO. 5.000
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APPENDIX E

REVISED SUPERSTITION FREEWAY
DETENTION BASIN RATING CURVES




APPENDIX E-I

NORTH DIVERSION BASIN




Table E-1

North Diversion Detention Basin
Storage Calculations

Elevation Reading Acres Ave. End Area Depth (ft) *Vol. (ac-ft)

23.5 -

24 32.0 2.26 1:13 «5 .59

26 76.6 5.41 3.84 2 8.26

28 87.4 6.17 4,22 4 17.46

30 98.5 6.96 4.61 6 28.24

32 109.4 7.73 4.43 8 36.02

34 120.0 8.48 4.80 10 48.62

* The assumed bottom for calculations is 24.00, therefore the
storage between 23.5 and 24 (which is .59) is added to all other
volumes.

Planimeter arm set at 30.00
factor = .0706

Acres = Reading x factor

Average-End Area = top area (acres) - bottom area (acres)

I App-60
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Table E-2.

Flow for the 48 Inch Outlet Pipe
from the North Diversion Detention Basin

3K KK KKK K KK KKK KKK KKK XXX

¥ CULVERT PROGRAM X
3OKOK KKK K K KKK KK KK XK X K XK K X

FLOOD CONTROL DISTRICT CF MARICOPA COUNTY

PROJECT NO. : POWERLINE DATE : 03-28-1980 TIME : 08:38:44
PROJECT NAME : N.DIVERSION DETENTION
COMPUTED BY : VAR CHK BY :

3 2 K X %K KK XK K K K K KK KK K K K KK XK K K K KK K KK K K K KK K K K XK XK K K 3K K K K K K XK K K K K K K K K K K XKk K X K K X X

HYDRAULIC ANALYSIS OF 1 - 4.0 FT. X 92.00 FT. P.C.
n = 0.0150

CUTLET CONTROL GOVERNS

HEADWATER COMPUTATION

INLET CONT. OUTLET CONTROL HW = H+ho-LSo
Q H%/D HY Ke H Dc (Dc+D)/2 TW ho LSo

CONTROL HW= 2.50 OUTLET VEL= 5.65 DHW= 102.50 AHW= 36.00 DN=

App-61 (Reference 5)
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Table E-3

Flows for the 48 Inch Outlet Pipe
from the North Diversion Detention Basin

AXKXEXKEKEKK KK KK KK KXKXX

X CULVERT PROGRAM X
EEKEKXRRREXKXKRK KKK KKK

FLOOC CONTROL DISTRICT OF MARICOPA COUNTY

PROJECT NO. : POWERLINE DATE : 03-28-1980 TIME : 08:38:27
PROJECT NAME : N.DIVERSION DETENTION
COMPUTED BY : VAR CHK BY :

1222232222323 2232233233222 2202333223233 223330333233 32323 2323223023333 232322232222222 21

HYDRAULIC ANALYSIS OF 1 - 4.0 FT. X 82.00 FT. P.C.
n = 0.0150

INLET CONTROL GOVERNS

HEADWATER COMPUTATIOCN

INLET CONT. OUTLET CONTRCL HW = H+ho-LSo
Q Hw/D HW Ke H Dc (Dc+D)/2 TW ho LSo

93.00 1.13 4.51 0.20 1.53 2.82 3.46 1.80 3.46 0.50

CONTROL HW= 4.51 OUTLET VEL= 8.45 DHW= 104.51 AHW= 36.00 DN=

App-62 (Reference 5)
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Table E-4

Flows for the 48 Inch Outlet Pipe
from the North Diversion Detention Basin

AKEXKKKKKKKKKXKXKKXKKX XXX

¥ CULVERT PROGRAM X
KXKKKKKKKKKKKKKKKK KKK

FLCOD CONTROL DISTRICT OF MARICOPA COUNTY

PROJECT NO. : POWERLINE DATE : 03-28-1980 TIME : 08:38:12
PROJECT NAME : N.DIVERSION DETENTION
COMPUTED BY : VAR CHK BY :

1322222223232 3223233232222 223 02222333232 2332 222332322322 323222323222322222222222

HYDRAULIC ANALYSIS OF 1 - 4.0 FT. X 82.00 FT. P.C.
n = 0.0150

OUTLET CONTROL GOVERNS

HEADWATER COMPUTATION

INLET CONT. OQUTLET CONTROL HW = H+ho-LSo
Q HW/D HWw Ke H Dc (Dc+D)/2 TW ho LSo Hw

CONTROL HW= 6.52 OUTLET VEL=11.74 DHW= 106.52 AHW= 36.00 DN= 4.00

App-63 (Reference 5)
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Table E-5

Flows for the 48 Inch Outlet Pipe
from the North Diversion Detention Basin

2222223322 22222 22298 24

¥ CULVERT PROGRAM X
KEXXKXKRKKXKKKKK KK KKK

FLOOD CONTROL DISTRICT OF MARICOFPA COUNTY

PROJECT NO. : POWERLINE DATE : 03-28-1980 TIME : 08:37:49
PROJECT NAME : N.DIVERSION DETENTION
COMPUTED BY : VAR CHK BY :

1332333323333 23333333333 323233333332333 3323223223223 23222222222323223232022222 2

HYDRAULIC ANALYSIS OF 1 - 4.0 FT. X 82.00 FT. P.C.
n = 0.0150

INLET CONTROL GOVERNS

HEADWATER COMPUTATION

INLET CONT. CUTLET CONTROL HW = H+ho-LSo
Q HW/D HW Ke H Dc (Dc+D)/2 TW ho LSo

169.00 2.13 8.50 0.20 5.06 3.72 3.86 1.80 3.86 0.50

CONTROL HW= 8.50 OUTLET VEL=13.87 DHW= 108.50 AHW= 36.00 DN= 4.00

App-64 (Reference 5)
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Table E-6

Flows for the 48 Inch outlet Pipe
from the North Diversion Detention Basin

3K 3K K XK K K K K K XK K K X K K K XK XKXXX

¥ CULVERT PROGRAM X
KXKEKKK KK KKK KKK KKK KX X

FLOCD CONTROL DISTRICT OF MARICOPA COUNTY

PROJECT NC. : POWERLINE DATE : 03-28-1880 TIME : 08:37:29
PROJECT NAME : N.DIVERSION DETENTION
COMPUTED EY : VAR CHK BY :

KKK KKK KKK KK KX KK KK K XK KK KK KKK KK KKK KK KKK KK KKK KK KKK KX KK KK KKK KK KK KK KXXKKXX

HYDRAULIC ANALYSIS OF 1 - 4.0 FT. X 82.00 FT. P.C.
n = 0.0150

INLET CONTROL GOVERNS

HEADWATER COMPUTATION

INLET CONT. QUTLET CONTRCL H¥ = H+ho-LSo
Q Hw/D HW Ke H Dc (Dc+D)/2 TW ho LSo

208.00 2.87 11.48 0.20 7.67 3.87 3.93 1.80 3.93 0.50

CONTROL HW=11.49 OUTLET VEL=16.72 DHW= 111.49 AHW= 36.00 DN-=

App-65 (Reference 5)
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Table E-7

Comparison of Rating Curve Values
for
the North Diversion Basin
at
the Proposed Superstition Freeway
(48 inch Outlet Pipe)

A-N VEST TUDOR* FCD*
_SV_ _SE -SQ SV SE SQ SV SE SQ
0 28 0 0  23.5 0 0 23.5 0
8.5 30 0 .33 24 3.80 .6 24 0
18.1 32 0 9.04 26 .82 8.3 26 31
28.4 34 0 21.29 28 6.84 17.5 28 93
40.0 36 33 29.31 29.21 106.80 28.2 30 135
52.7 38 65 ** 36.0 32 169
*% 48.6 34 208

* Both Tudor and FCD took into account tailwater conditions from the
North Diversion Channel when developing the outflow through the
48 inch pipe.

** These values were estimated for flows that would overtop the basin.
The spillway elevation for the the basin is 1630.0.

App-66




Figure E-1
Storage-Elevation Curve

for the North Diversion Detention Basin at Superstition Freeway

(Reference 3)
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Figure E-2
Discharge-Elevation Curve
~ for the North_Diversion Detention Basin at Superstition Freeway
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SUPERSTITION FREEWARY PROJECT

JOE NO: !1154.01

NGRTH DIVYERSION Dar DETENTION BASIN
100-YEAR FLOOD KOUTINEG

46-INCH DIAMETER OUTLET PIPE
100-YEAR IN-CHANNEL HYLROGR2FYH

Table E-8

(Reference 3)

A-N West Calculations of Flows from the
North Diversion Detention Basin through
the 48 Inch Outlet Pipe at Superstition
Freeway

RUN DATE : 0B-24-1987 Page No. 1
- + —4-——m—t + + e S + + + +
ASSUNE ASSUME  EASIN  BASIN TAILWATER CONPUTE
TIME ACCUM. Qave ACCUM. STORAGE  SURFACE  TAILWATER SURFACE ~ 3ASIN DUTFLOW OQUTFLOW  CUTFLCN
(HR) INFLON FOR DT OUTFLON  VOLUNE  ELEVATION DISCHARBE ELEVATION INST. AVE  FORDT T
(AC-FT) (CFS)  (AC-FT)  (AC-ET)  (FEET)  (CFS)  (FEED)  (CFS) (CFS) (AC-FT)  {iC-FD)
8.00 000 0.0  0.00  0.00  1623.51 ! 162302 01 0.0 000 0.0
8.20  0.02 0.1 000 0.02  1623.55 2 12303 0.2 0.2 0.00 0.0
8.40  0.05. 0.2 000  0.04  1623.57 4§ 1623.05 0.6 0.4 0.0 0.01
8.60  0.09 0.6 0.00  0.07  1523.61 5 162307 0.9 0.8 0.01 0.02
8.80 0.1+ 1.2 0.03  0.10  1625.66 6 162309 L3 L1 0.02  0.04
9.00  0.20 1.6 006 0.4 162572 9 %842 L7 LS 0.0 0.07
9.20 027 2.0 0.09  0.18  16R.77 10 ®BIS 22 2.0 0.03  0.10
9.40 035 2.5 0.3 0.2 1623.85 5 162318 28 2.5 0.4 0.1
9.60 0.4 3.2 019 027 162892 #2320 35 31 0.05 9
9.80  0.58 3.8 025  0.33  1624.00 18 162826 &1 3B 0.06 . 0.25
20,00 071 &1 037 040  1624.02 20 162329 43 42 007 0.2
10,20 0.88 43 035 0.49 162405 3 B2 A AT 0.0 0.40
10,40 108 4.2 0dE 062 162409 7 1838 4T 4 008 0.4
10.60 13t 45 05 077 182413 31 162348 51 49 008 0.5
10.80 159 5.3 0.3 0.9% 162419 37 23.58 55 5.3 0.09  0.b4
1.00 .34 5B 073 L2 16242 5 2368 b1 5.8 010 073
1,20 2.3t &4 083 LS2 162435 S4 %2377 &7 b4 O 2.84
140 250 7.2 035 195 162447 70 %2%.00 7 7.2 012 0.95
1,60 3.6 8.4 105 255 162445 % 12419 %1 8.4 o.M 1.10
1,80 571 &3 L7 4S5 150515 261 125.25 0.6 45 0.07 L.47
12,00 120 0.6 L17 1008 162619 812 121,33 0.0 0.0 0.00 117
1220 1933 0.0 L7 185 1621.52 859 142865 0.0 0.0 0.00 .17
1240 215 143 L0 2075 162053 kb 162815 269 144 0.2 1,41
12,60 3036 8.7 237 2199 1629.02 590 162728 869 5.9 0.% 2.37
12,80 I %3 39 BT 1629.49 455 1626.85 1063 9.6 L0 397
13.00 35.05 1063 573 29.31  1629.2 350 1625.86 1073 106.B 177 5.73
1520 3648 107.3 .50 28.97 462916 292 162547 1067 107.0 L7 7.50
1340 37.64 1061 9.2 28.38  1629.07 255 1625.21  105.5 1041 L5 925
13,60 3861 104 1098 27.62  1628.96 26 1625.0 1034 1045 LT3 10,98
13.80  39.48 1011 1264 26.82  1628.84 204 162489 988 1011 L7 1285
100 4024 97.¢6 1427 25.97  1628.71 188 162679 9%.5 9.6 L& Y
14.20  40.95 95.1 1584 2541  1628.58 178 162472 939 95.2  L§]  (5.84
1440 4162 92.6 1737 2024 1628.45 169 162466 913 2.6 L3 1LY
14.60 4224 90.1  18.8¢  23.38  1628.33 163 162462 889 0.1 149 18.86
14.80 4284 7.6 203t 2255 1628.20 ISt 1624.58 8.4 Bl.6 145 203
15.00 4340 B5.1 2071 2068 1628.07 150 162453  83.8  B5.1  L.A1 207!
15.20  43.53 2.1 2307  20.46 162788 B0 1624.07 804 B2.1 1.3 B.O7
15.40  43.53 76.0 2436 19.17 162768 76 162004 758 781 L2 W3
15.60 4353 733 2557 1.9 1621.49 71162400 710 T34 L2 5.5
15.80  43.53 8.7 2671 1682 162731 67 1623.95 666 8.8 L4 267
16.00 4353 644 277 1575 162715 62 1623.89 624 sAS 107 2078
16,20 43,58 60.5 28.77 14.7¢6 1626.99 39 1623.84 38.7 60.6 1.00 28.78
fo.40 #3557 ST 29.7¢ 1382 1626.83 S5 1876 ST ST 0 B
16.60  43.53 2.3 30.55  12.95  1526.49 St 162873 510 529 0.67  30.59
16.80 4351 454 L0 1213 1626.54 48 162568 416 9.3 0.82 3L
17.00 4353 460 3216 1137 162641 ST U U T S N Y S 5
1220 43,53 43.0 32,87 10.66 1625.29 §2 16235.5% i1.¢ 43.) 0.7 32,88
1740 4353 46,2 LS 9.9 1626.18 3182355 388 40.2 0.6 T35
App-69
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Table E-8 (continued)

SUPERSTITION FREEWAY PROJECT
"JOR NO: 1154.01%

NORTH DIVERSION DAM DETENTION BASIN
100-YEAR FLDOD RDUTING

48-INCH DIAMETER OUTLET PIPE

" 100-YEAR IN-CHANNEL HYDROGRAPH

RUN DATE : 08-24-1987

Page No. 2

ASSUME  ASSUME BASIN BASIN TAILWATER COMPUTE

TINE  ACCUN.  Qave  ACCUM. STORAGE ~ SURFACE  TAILWATER SURFACE  BASIN OUTFLON OUTFLOW  CUTFLOW -
(k)  INFLOW FOR DT DUTFLOW  VOLUME  ELEVATION DISCHARGE ELEVATION  INST. AVE FOR DT TOTAL
(AC-FT) (CFS)  (AC-FT) (AC-FT) (FEET) (CFS) (FEET) (CFS)  (CFS)  (AC-FT) (AC-FT)

> +
+ +

+ 3 + + 4
+ + + + +

-+
-+~
+

*

17.60  43.53 37.4 3415 9.37 16256.08 36 1623.52 36.1 37.4 0.62 3416
17.80 43.53 35.0 #.713 8.80 1625.97 34 1623.48 33.8 35.0 0.58 3474
18.00  43.53 32.% 35.27 8.2% 1625.87 3 1623.45 31.2 32.5 0.54 35.28
18.20  43.53 0.0 8.7 1.76 1625.77 29 1623.41 28.8 30.0 0.50 35.78
18.40  43.53 28.8 36.24 1.28 1625.68 27 1623.39 26.5 21.7 0.46 36.23
18.60 43.53 25.5 36.67 .85 1625. 60 2 1623.35 24.5 25.5 0.42 3b.65
18.80  43.53 23.5 37.05 6.47 1625.52 23 1623.32 22.6 2.6 0.39 37.05
19.00  43.53 21.7 3.4 6.12 1625.46 21 1623.30 20.9 21.8 0.36 37.4
19.20 #3.53 20.3 31.75 5.78 1625.39 29 1623.28 19.7 2.3 0.34 37.74
19.40  43.53 19.3 38.07 S.46 1625.33 19 1623.27 18.8 19.3 0.32 38.06
19.60  43.53  18.4 38.37 S.18 1625.27 18 1623.26 18.0 18.4 0.30 38.36
19.80  43.53 " 17.8 3B.566 4.87 1625.21 17 1623.25 17.2 17.8 0.29 3B.66
20,00  43.53 1s.8 38.94 .59 1625. 186 15 1623.23 16.4 16.8 0.28 38.93
. 20,20 43,33 6.1 39.24 4.32 1625. 11 16 1623.22 15.7 18.1 0.27 39.20
20.40 43,33 153 39.4¢ 4.07 1625.06 15 1623.21 5.0 15.3 0.25 39.43
20,50 © 43,53 14.7 39.70 3.83 1625.01 14 1623.20 14.3 14.7 0.24 39.69
20.80 43,353 15.9 39.93 3.50 1624.95 13 1523.19 13.57  13.9 0.23 39.92
T2L00 T 4353 15,0 40.15 3.38 1624.89 13 1623.18 12,6 13.0 0.22 40.14
25,20 45,53 121 40.35 3.18 1524.83 12 1623.17 11.7 12.2 0.20 40.34
21,40 45.53 1L3 40.53 2.99 1624.78 it 1523.16 11.0 1.4 9.19 40.53
21,60 43.53  10.6 §0.71 2.82 1624.73 10 1623.15 10.2 10.5 0.8 40.70
21.80  43.53 10.2 40.88 2.65 1624.68 10 1623. 14 9.7 10.0 0.15 40.37

— 4 + " s & + 4 s e + 4
+ + + + +

MAXINUM BASIN WATER SURFACE ELEVATION : 1529.21 Feet PEAK BASIN DISCHARGE : 107.3 Cfs @ 13.0 Hours
MAXIMUM TAILWATER ELEVATION t 1628.66 Feet PEAK TAILWATER DISCHARGE : 859.0 Cfs @ 12.2 Hours
#& BASIN OPERATION CYCLE = 13.80 Hours #»

MOTES: ) Basin Inflow Hydrograph : FILE "NDBA100*

) Basin Storage-Elevation Data : FILE "NDBASIN®

) Tailwater Inflow Hydrooraph  : FILE °"NDCH100®

) Tailwater Stage-Discharge Data : FILE "NDCHAN"

) Spillway Discharge Data : FILE “NDSPILL®

) OUTLET CONDUIT : 48" Diam Pipe
Inlet Control Headwater-Discharge Data : FiLE "4BINRCP®
Conduit Length = 102 Inlet Invert = 1623.5 Dutlet Invert = 1623
Headloss Coefficient [k] =0.0002114; where Hioe. = k ¢ 02
Fell Flow Discharge Coefficient [C) = 68.60: where Boueree = C # Heyy©-3
Maximus Flapoate Loss (Submerged) = .2064 Ft

O N &= Gl N -

App-70




APPENDIX E-II

NORTH DIVERSION CHANNEL




Eleva

22.

23

24

26

28

30

Table E-9

North Diversion Structure (Channel)
Storage Calculation

tion Reading Acres Ave. End Area Depth (ft) *Vol.(ac-ft)
6 &
1.4 .10 .05 A .02
2.6 .18 .14 1 .16
9.0 .64 .37 3 1.12
22.1 1.56 .83 5 4.17
101.3 7.16 3.63 7 25.42

* The assumed bottom for calculations is 23.00, therefore the
storage between 22.6 and 24 (which is .02) is added to all other

volumes.

Planimeter arm set at 30.00
factor = .0706
Acres = Reading x factor

Average-End Area = top area (acres)

App-72
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. Table E-10

Flow Through the Two 10 x 6 Foot Box Culverts

at the North Diversion under the Proposed Superstition Freeway

XX BOX CULVERT PROGRAM XX

XX 3. Revise Analysis Information XX
1. No of Barrels = 2.0000
2. Width of Box (ft) = 10.0000
3. Depth of Box (ft) = 6.0000
4. Discharge (cfs) = 101.0000
S. Tailwater (ft) = 0.5000
6. Entrance Loss Cozsfficient = 0.4000
7. Slope of Box (ft/ft) = 0.0038
8. Length of Box (ft) = 156.0000
8. Inlet Invert Elzv. = 22.6000
Select Item To Be Revised (1- 8) ===> 2
*X BOX CULVERT PRCOGRAM XX
X% S. Ferform Analysis XX

HYCRAULIC ANALYSIS OF A 2 - 10.00 X 6.00 C.E.C.

OUTLET CONTROL GOVERNS

INLET CONTROL OUTLET CONTRCL

Hw/D HY KE H ccC DC+D/2 TW HO LSO HY
0.23  1.40  0.40  0.02 0.93 3.46 0.50 3.46 0.53  2.89
CONTRCL HW = 2.88 OUTLET VEL. = 5.46 CHW = 25.48 CN = 0.83

I App-75 (Reference 5)




Table E-11

Flows Through the Two 10 x 6 Foot Box Culverts
at the North Diversion under the Proposed Superstition Freeway

xx BOX CULVERT FROGRAM XX

X x 3. Revise Analysis Information XX

i. No of Barrels = 2.0000
2. Wwidth of Box (ft) = 10.0000
3. Cepth of Box (ft) = 6.0000
4. Discharge (cfs) = 372.0000
5. Tailwater (ft) = 0.5000
6. Entrance Loss Cosfficient = 0.4000
7. Slope of Box (ft/ft) = 0.0038
8. Length of Box (ft) = 156.0000
8. Inlet Invert Elav. = 22.6000
Sel=ct Item To Be R=visaed (1- 8) ===> ?
¥ BOX CULVERT PROGRAM XX
X % S. Perform Analysis XX

HYDRAULIZ ANALYSIS COF A 2 - 10.00 X 6.00 C.B.C
QUTLET CONTROL GOVERNS

INLET CONTRCL CUTLET CONTEROL

HW/D HW KE H B! cC+D/2 TY HO LSO

0.57 3.40 0.40 0.25 2:21 4.10 0.50 4 .10 0.58
CONTROL HW = 3.16 SUTLET VEL. = 8.43 CHY = 26.36 CN

(Reference 5)
App-76
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Table E-12

Flows Through the Two 10 x 6 Foot Box Culverts

at the North Diversion under the Proposed Supstition Freeway

XK XK XK K K K K K KK K K K K K KK K K K K XK XK X

* BOX CULVERT PROGRAM X
XK KKK KK KK K K XK KX KKK K KK KKK K

FLCOD CONTROL CISTRICT OF MARICOFA COUNTY

PROJECT NC. : N.DIVERSION DATE : 03-28-1980 TIME : 08:26:46
PROJECT NAME : POWERLINE F.R.S
COMPUTED BY : VAR CHK BY :

3K KK KK K K K K K K K K K KK K K K K XK K 2K 3K K K K 3K K 2K 2K K K K 0K K K 3K K K K K K K X K X K X K K K K K KK K KK KK KK K XK XK KKK KXXXKXXXXKXX

HYDRAULIC ANALYSIS OF A 2 - 10.00 X 6.00 X 156.00 C.B.C.
INLET CONTRCOL GOVERNS
INLET CONT. OUTLET CONTROL HW = H+ho-LSo
Q@ Hw/D HY = H Dc (Dc+D)/2 TW ho So HY

738.00 0.90 5.40 0.40 0.89 3.48 L.74 0.50 4.74 0.58 5.14

CONTROL HW = 5.40 OUTLET VEL. = 11.81 DHW = 28.00 DN 3,12

' App-77 (Reference 5)




Table E-13

Flows Through the Two 10 x 6 Foot Box Culverts

at the North Diversion under the Proposed Superstition Freeway

1232322323323 22333 3333338

* BOX CULVERT PROGRAM ¥
3K K XK KK %0k X K K 3K K XK K K K K XK K K K K X X

FLOOD CONTRCL DISTRICT OF MARICOPA COUNTY

PRGJECT NO. : N.DIVERSION DATE : 03-28-1980 TIME : 08:26:05
PROJECT NAME : POWERLINE F.R.S
COMFUTED BEY : VAK CHK BY :

3K OK XK XK XK XK K XK K XK K KK K K XK K K XK K K K K 3K K K K K K XK K XK K K K K %K XK K K K XK %K K K K K XK K 3K K K K K K K KK K K XK K K K K KK K K X K K X X K X X

HYDRAULIC ANALYSIS OF A 2 - 10.00 X 6.00 X 156.00 C.B.C.

INLET CONTROL GOVERNS

INLET CONT. ODUTLET CONTRCL HW H+ho-LSo
Q Hw/D H¥ Ke H Dc (Dc+D)/2 TW ho LSo HW

CONTROL HW QUTLET VEL. = 13.24 CHY = 30.00 DN = 4.20

"
~
&
o

App-78 (Reference 5)




Table E-14

Comparison of Rating Curve Values
for
North Diversion Structure
under
the Proposed Superstition Freeway
(2 - 10 x 6 foot Box Culverts)

A-N Vest EFCD
. SE . 59 SV _SE_
0 22.6
0 23 0 .02 23
.42 24 75 .16 24
.86 25 175
« 35 26 312 1.ed2 26
.88 27 480
.45 28 696 4.17 28
.06 29 1163
.37 29.5 1491
« 4l 30 1848 25.42 30

The

top of road is at an elevation of 1655.25.

App-79

101

372

738

1111




APPENDIX E-III

WEEKES WASH BASIN




Elevation Reading
* 36 16.0
37 195.4
38 210.6
40 235.0
42 255.5
44 282.7
46 306.0
48 336.2
50 362.3
52 382.2
54 400.0
55 400.0

WVeekes Wash Detention Basin

Table E-15

Storage Calculations

Acres

.86
11.33
12.21
13.63
14.82
16.40
17.75
19.50
21.01
22.17
23.20

23.20

* Assume bottom 1636.00

Planimeter arm set at 25.0

factor = .058

Acres = reading * factor

Ave.

Ave. End Area

6.09

7.84

8.63

9.30

10.18

10.94

11.51

12.03

12.03

Depth (ft)

10
12
14
16
18

20

Average-End Area = top area (acres) - bottom area (acres)

App-81

Vol (ac-ft)

13
29
47
69
93
122
153
184
217

239
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Table E-16

Weekes Wash Detention Basin Flows
Through Two 12 x 12 Foot Box Culverts
under the Proposed Superstition Freeway

K* BOX CULVERT FROGRAM *&

XK 3. REzvizz Anzalvsizs Information *%

i. No of Barrels = 2.0000
2. wWidth of Box (ft) = 12.0000
3. bepth of Box (ft) = 12.0000
4. Dischargs (cfs) = 22.0000
5. Tailwatsr (ft) = 0.0000
6. Eptrance Loss Cosfficient = 0.4000
7. Slope of Box (ft/ft) = 0.0020
8. Length of Box (ft) = 204 .3000
8. Inl=t Invert Elev. = 1636.0000
Select Item To Be Revised (1- g) ===> ?

k% BOX CULVERT PROGRAM %X

XX 5. Perform Analysis *x

HYDRAULIC ANALYSIS OF A 2 - 12.00 X 12.00 C.B.C

s o .

OUTLET CONTROL GOVERNSZ

INLET CONTROL QUTLET CONTROL
' HW /D HW KE H CC DC+D/2 TW HO LSO HW
____________ 0.40  0.00 0.30  8.15 0.0 6.15 o0.41  5.78
5.74 CUTLET VEL. = 3.09 CHW = 1641.74 CN = O

App-86 (Reference 5)




Table E-17

Weekes Wash Detention Basin Flows
Through Two 12 x 12 Foot Box Culverts
Under the proposed Superstition Freeway

o X CULVERT FROGRAM kY

P22 Analyziz Infoimation Xx

1. No of Barrsls = 2.0000
2. Wwidth of Box (ft) = 12.0000
3. Depth of Box (ft) = 12.0000
L. Cischarges {cfs) = 194 .0000
5. Tailwater (ft) = 0.0000
6. Entrance Loss Coefficisnt = 0.4000
7. Slops of Box (ft/ft) = 0.0020
8. Lzngth of Box (ft) = 204.3000
9. Inl=t Invert Elav. = 1636.0000
Selzct Item To Bz Revised (1- 9) ===> ?

X% BOX CULVERT FROGRAM X%

X X 5. Perform Analysis %X

HYDRAULIC ANALYSIZ OF A 2 - 12.00 X 12.00 C.B.C.

OUTLET CONTRCL GOVERNS

INLET CONTROL CUTLET CONTROL

H¥/D HW KE H DC oC+0/2 TY HO LSC
0.17 2.00 0.40  0.01 1.27 6.65 0.00 6.05 0.81
CONTROL HW = 6.24 OUTLET VEL. = 6.38 CHW = 1642.24 DN

App-87 (Reference 5)




Table E-18

Weekes Wash Detention Basin Flows
Through Two 12 x 12 Foot Box Culverts
Under the Proposed Superstition Freeway

u

¥ Box CULYERT PROGRAM ¥

X 5. kevize Analysizs Information *4
i. No of Barrsls = 2.0000
2. Width of Box (ft) 12.0000C
3. Depth of Box (ft) = 12.0000
4. Dischargs (cfs) = 584 .0000
5. Tailwater (ft) = 0.0000
6. Entrance Loss Cosefficient = 0.4000
7. Slope of Box (ft/ft) = 0.0020
6. Lenath of Box (ft) = 204 .3000
9%

Inl=et Invert Elev. 1636.0000

Zelect Item To Bz Revised (1- 9) ===> 7
X¥ BOX CULVERT PROGRAM XX
X X 5. Ferform Analysis XX

HYDRAULIC ANALYSIS OF A 2 - 12.00 X 12.00 C.B.C.
OUTLET CONTROL GOVERNS
INLET CONTROCL OUTLET CONTROL
Hw /D HY KE H D1 DC+0/2 TW HC LED
0.33 4.00 0.40  0.10 2.66 7.32 0.00 7.32 0.41
CONTRCL HW = 7.01 OUTLET VEL. = 8.22 CHW = 1543.01 CN

App-88 (Reference 5)




Table E-19

Weekes Wash Detention Basin Flows
Through Two 12 x 12 Foot Box culverts
Under the Proposed Superstition Freeway

Voo B D vERY froaiyfs fgry ¥

4 3. Psyise Anmlysis Information *#%
1. Mo of EBarrzls = 2.0000C
2. Width of Box (Tt) = 12.0000
3. Uzpth of Box (ft) = 12.0000
4. Cischargzs (cfs) = 1050.0000
5. Tailwatzr (ft) = 0.0000
6. Entrancz Loss Co=fficisnt = 0.4000
7. Zlop= of Box (ft/ft) = 0.0020
8. Lezngth of Box (ft) = 204 .3000
8., Inlset Invert Elsv. = 1636.0000
Zelect Item To Bz Revissed (1- 9) ===> 7?2
X% BOX CULVERT PROGRAM *X
X x 5. ferform Anzlvsis *X
HYCRAULIC ANALYZIZ OF A 2 - 12.00 X 12.00 C.B.C.
CUTLET CONTRCOL GOVERNSZ
INLET CONTROL CUTLET CONTRCL
HW/C HW KE H e cC+C/2 TW HC LSC
0.50 6.00 0.40 033 3.+90 795 0.00 795 0«41
CONTROL HW = 7.87 COUTLET VEL. = 14.21 CHW = 1643.87 O

App-89 (Reference 5)




Table E-20

Weekes Wash Detention Basin Flows
Through Two 12 x 12 Foot Box Culverts
Under the Proposed Superstition Freeway

YA EON CHLVERT FEOGRAM X
¥ 3. K=vaize Analy=iz Information **
1. No of Barr=1s = 2.0000
2. Width of BRox (ft) = 12.0000
3. bepth of Box (ft) = 12.0000
4. Dischargs (cts) = 1604 .0000
5. Tailwater (ft) = 0.0000
6. Entrance Losz Coefficient = 0.4000
7. 2lope of Box (ft/ft) = 0.0020
8. L=ngth of EBox (ft) = 204 .3000
9. Inl=t Invert Elsv. = 1636.0000
Zelzct Item To Bz Revisad (i- 9) ===> ?
¥*% BOX CULVERT PROGRAM XX
X X 5. Perform Analysiz XX

HYDRAULIC ANALYZIZ OF A 2 - 12.00 X 12.00 C.B.C.

CUTLET CONTROL GOVERNZ

INLET CONTROL OUTLET CONTROL
HW/D HWw KE H CC DC+0/2 TwW HO LSO
0,67 8.00 0.40 0.77 5.18 8.59 0.00 8.59 0.41

CONTRCOL H%

1
es]
[{s]
il
(o}
=
-
~
m
-
=
m
-

"
o~
N
o

CHW = 1644.95 CN

App-90 (Reference 5)
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HYDRAULIC

INLET CONTROL
HW/D Hw
0.83 10.00

CONTROL HW = 10.

Table E-21

Weekes Wash Detention Basin Flows
Through Two 12 x 12 Foot Box Culverts
Under the Proposed Superstition Freeway

App-91

XK EBOX UL VERT PROGEAM ¥
%% 3. Revizs Analyzis InTormation **
No of Barrsls= = 2.0000
Width of BRox (ft) = 12.0000
Cepth of Box (ft) = 12.0000
Cischarge (cfs) = 2236.0000
Tailwater (ft) = 0.0000
Entrance Loss Cosfficient = 0.4000
Slopz of Box (ft/ft) = 0.0020
Length of Box (ft) = 204.3000
Inlet Invert Elsv. = 1636.0000
zlect Item To Bz Revissd {(1- 93 ===> 7
XX BOX CULVERT PROGRAM X¥*
X % 5. Ferform Analysis *X
ANALYEZIS OF A 2 - 12.00 12,00 Z.B.Cs
OUTLET CONTROL GOVERNS
OUTLET CONTEROL
EE H CC CC+0 /2 TW HO LSO
40 1.50 6.46 9.23 0.00 9.22 0.4 1
3:2 SUTLET VEL. = 146 .47 CHw = 1646.32 oM
For a Frintout Hit F

(Reference 5)




Table E-22

Weekes Wash Detention Basin Flows
Through Two 12 x 12 Foot Box Culverts
Under the Proposed Superstition Freeway

ORI THLVERT FREOGEAM X
¥R 3. Keviz= Analysis Information *x
1. No of EBarrsls = 2.0000
2. Width of Box (ft) = 12.0000
3. Depth of Box (ft) = 12.0000
4. Dischargs (cfs) = 2800.0000
5. Tailwater (ft) = 0.0000
6. Entrance Loss Cosfficisnt = 0.4000
7. 3lop= of Box (ft/ft) 0.0020
8. Lzngth of Box (ft) = 204.3000
9. Inlet Invert Elsv. = 1636.0000

Select Item To Bz Revised (1- 9) === ?
**% BOX CULVERT FROGRAM XX
Xx X 5. Perform Analysis *x
HYDRAULIC ANALYZIZ OF A 2 - 12.00 X 12.00 C.B.C.

INLET CTONTROL GOVERNZ
INLET CONTROL CUTLET CONTROL
HW/D HY KE H CC cc+h/2 TW HO LZO
1.00 12.00 0.40 2:.52 7.68 9.84 0.00 9.84 0.41
CONTR2L HW = 12.00 QUTLET MEL. = 1573 OHw = 1648.00 N

For a Printout Hit F

(Reference 5)

App-92




Table E-23

Weekes Wash Detention Basin Flows
Through Two 12 x 12 Foot Box Culverts
Under the Proposed Superstition Freeway
¥ BOX CULVERT PROGRAM XX

X% 3. Revise Analysis Information XX
1. No of Barrels = 2.0000
2. Width of Box (ft) = 12.0000
3. Depth of Box (ft) = 12.0000
4. Discharge (cfs) = 3534.0000
5. Tailwater (ft) = 0.0000
6. Entrance Loss Coefficient = 0.4000
7. Slope of Box (ft/ft) = 0.0020
8. Length of Box (ft) = 204.3000
9. Inlet Invert Elev. = 1636.0000
Select Item To Bz Revised (1- 8) ===> 2

XX BOX CULVERT PROGRAM XX

* X 5. Perform Analysis XX

HYDRAULIC ANALYSIS OF A 2 - 12.00 X 12.00 C.B.C.

INLET CONTROL GOVERNS

INLET CONTRGL OUTLET CONTROL
HW/D HY KE H oC DC+D/2 TW HO LSO HW
1. %2 14 .00 0.40 3.7 8.177 10.38 0.00 10.38 0.41 1371

CONTROL HW 14 .00 OUTLET VEL. = 16.80 CHW = 1650.00 CN = 10.83

For a Frintout Hit F

(Reference 5)
App-93




Table E-24

Weekes Wash Detention Basin Flows
Through Two 12 x 12 Foot Box Culverts
Under the Proposed Superstition Freeway

¥ BCOX CULVERT FROGRAM XX

* X 3. Revise Analysis Information X¥
1. No of Barrsls = 2.0000
2. Width of Box (ft) = 12.0000
3. Depth of Box (ft) = 12.0000
4. Discharge (cfs) = 4108.0000
5. Tailwater (ft) , = 0.0000
6. Entrance Loss Coefficient = 0.4000

7. Slope of Box (ft/ft) = 0.0020

8. Length of Box (ft) = 204.3000
8. Inlet Invert Elev. = 1636.0000
Szlect Item To Bz Revised (1- 8) ===> ?
¥X BOX CULVERT PROGRAM XX
X X 5. Pzrform Analysis XX

HYDRAULIC ANALYSIS OF A 2 - 12.00 X 12.00 C.B.C.

INLET CONTROL GOVERNS

INLET CONTROL : CUTLET CONTROL

Hw/D HY KE H DC DC+D/2 TW HG LSO
1.3 16.00  0.40  5.05 9.65 10.85 0.00 10.85 0.41
CONTROL HwW = 16.00 QUTLET VEL. = 17.66 CHW = 1652.00 N

For a Printout Hit P

(Reference 5)
App-94




l Table E-25

Weekes Wash Detention Basin Flows
Through Two 12 x 12 Foot Box Culverts
Under the Proposed Superstition Freeway

¥¥ BOX CULVERT PROGRAM XX

X x 3. Revise Analysis Information *x

No of Barrels = 2.0000
width of Box (ft) = 12.0000
DPepth of Box (ft) = 12.0000
Discharge (cfs) 4622.0000
Tailwater (ft) 0.0000
Entrance Loss Coefficient 0.4000
Slope of Box (ft/ft) = 0.0020
Length of Box (ft) 204.3000
Inlet Invert Elev. 1636.0000

O ONOUNEWN -
. . .
n u

.

*X BOX CULVERT PROGRAM XX

' Select Item To 8e Revised (1- 9) ===> ?

* X 5. Ferform Analysis *x

HYDRAULIC ANALYSIS OF A 2 - 12.00 X 12.00 C.B.C.

INLET CONTROL GOVERNS

INLET CONTROL CUTLET CONTROL

1.50 18.00 0.40 6.40 10.48 11.24 0.00 11.24 0.

CONTRCL HW = 18.00 QUTLET VEL. = 18.37 CHYW = 1654 .00

for a Printout Hit P

l Hw/D HY KE H CC DC+D/2 TY HO LSO

App—95 (Reference 5)




' Table E-26

Weekes Wash Detention Basin Flows
Through Two 12 x 12 Foot Box Culverts
Under the Proposed Superstition Freeway

¥ BOX CULVERT PROGRAM XX

X X 3. Reviss Analysis Information *X

1. No of Barrels = 2.0000
2. wWidth of Box (ft) = 12.0000
3. Depth of Box (ft) = 12.0000
4. Discharge (cfs) = 4860.0000
5. Tailwater (ft) = 0.0000
6. Entrance Loss Coefficient = 0.4000
7. Slope of Box (ft/ft) = . 0.0020
8. Length of Box (ft) = 204.3000
8. Inlet Invert Elev. = 1636.0000
Select Item To Be Revised (1- 9) ===> ?
XX BOX CULVERT FPROGRAM XX
X X 5. Perform Analysis XX

HYCRAULIC ANALYSIS OF A 2 - 12.00 X 12.00 CT.B.C.

INLET CONTRCL GOVERNS

INLET CONTROL CUTLET CONTROL

HW/D HW KE H bC DC+D/2 TW HC LSO HW
1.58 18.00  0.40  7.07 10.84 11.42 ©0.00 11.42 0.41 18.08
CONTROL HW = 18.00 OUTLET VEL. = 18.68 CHW = 1655.00 CN = 12.00

For a Frintout Hit F

I App-96 (Reference 5)




A-N Vest

Y SE SQ

0 35 0
13.0 36 74
41.1 38 383
72.1 40 823
107.6 42 1364
147.5 44 1988
190.5 46 2687
236.5 48 3452
273.3 49.5 3857

Table E-27

Comparison of Rating Curve Values
for

Veekes Wash Detention Basin

at

the Proposed Superstition Freeway

Tudor
SV SE SQ
0 36
17.73 38 226.
43.96 40 477.
73.24 42 1199.
105.40 44 1373
140.16 46 1943.
177.93 48 2847.
226.00 50 3475.

*t

FCD
sV SE o)
0 36 0
6 37 22
13 38 194
29 40 584
47 42 1050
69 44 1604
93 46 2236
122 48 2900
153 50 3534
184 52 4408
217 54 4622
239 55 4820

* These values were estimated for flows that would overtop the basin.
start to spill over the basin at an elevation of 1650.00.

+ The elevation of the top of the road is 1655.00.

App-97
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SUPERSTITION FREEWAY PROJECT Table E-28 (Reference 3)

JOE NG: 1154.0!
WEEZHES WASH DETENTIGN BASIN
{00-YEAR FLOOD ROUTING
2- 12° ¥ 12° BOX CULVERT OUTLEY
HUN DATE : 0E8-24-1937 Page Nao. !
———————— +——--——--+-—-—--—-+»------——+———------0—--—--———--4-------——-----—--4------—--+---------
ASSUME  ASSUNE BASIN BASIN COXPUTE
TIME  ACCUN. Qave ACCUN. STORAGE SURFACE BASIN  OUTFLCW  DOYTFLON  OUTFLON
{HRY  INFLOW FOR DT OUTFLOW  VOLUME  ELEVATION INST. AVE FOE DT T0TAL
(AC-FT) {CFS) (AC-FT) (eC-FT) (FEET) (CFS) (CFS) (RC-FT) (AC-FT)

A-N West Calculations of Flows from the
Weekes Wash Detention Basin Through
the Two 12 x 12 Foot Box Culverts

+ 4 -4—- e +- + + s + -—
7.20 0.01 .0.0 0.00 0.01 1436.00 0.2 0.1 0.90 Q.06
7.40 0.03 0.2 0.00 0.03 1£36.01 0.7 0.5 0.0% 0.01
1.60 0.07 1.1 0.02 0.05 1636.01 1.3 1.0 6.02 0.03
7.80 0.14 1.8 0.05 0.09 16356.02 2.1 1.7 0.03 0.05
8.00  0.23 2.8 0.10 0.13 1635.02 3.2 2.7 0.04 0.10
8.20 0.33 4.0 0.16 0.18 1636.03 ~ 4.4 3.8 0.08 0.16
B.40 0.30 5.4 0.23 0.25 1636.04 t.l 3.2 0.09 0.25
8.460 C.70 1.2 0.37 0.33 16356.06 8.0 7.0 0.12 0.35
8.80 0.93 .1 0.52 0.43 1636.08 10.3 9.1 0.13 0.51
9.006 1.2 11.7 0.72 0.55 1635.10 13.2 {1.8 0.19 0.71
9.20 1.64 14.€ 0.96 0.68 1636.12 16.9 14.9 0.25 0.96
9.40 2.11 18.3 1.2% 0.64 1836.15 20.4 16.4 ¢.30 1.26
9.50 2,55 2.6 1.54 1.04 1636.19 25.1 22.7 0.38 {.04
9.80 3.42 28.3 2.10 1.32 1636.24 31.8 25.4 0.47 2.11
10.00 4.40 36.1 2.70 1.59 1636.30 40.9 35.3 0.60 2.7
10.20 3.53 46.3 3.47 2.18 1536.39 52.2 45.5 6.77 3.47
10. 40 7.14 58.8 §.44 2.70 1635.48 65.2 35.7 0.97 .44
10.60 8.35 2.6 5.64 3.31 1636.59 15.9 72.6 1.26 J.64
10.80¢ 11.12 88.5 7.10 4.02 1536.72 97.0 85.5 1.46 7.4
11.00 13,65 105.7 §.E7 4.82 1436.65 116.3 106.7 1.76 8.87
11,20 16,7 126.3 10.55 9412 1637.01 136.4 12b.4 2.09 10.96
11.40 20.19 143.6 13.33 0.8% 1637.11 149.4 142.9 2.3% 13.32
11.60 24.% 158.§ 15.95 8.55 1637.23 168.4 158.9 2,83 15.95
11.80 34.12 203.3 19.31 14.81 1637.77 238.9 203.6 3.3 19.31
12,69 33,13 312.¢ 24.48 28.65 1636.86 385.9 312.9 9. 17 25.45
12.20 77.45 487.9 32.55 44.90 1640.07 586.2 487.5 B.05 32.54
12.40 99.62 680.1 43.79 55.83 1640.84 771.4 673.8 11.24 43.78
12.¢0  117.09 805.0 57.09 £0.00 1641.13  B39.8 605.6 13.32 S7.10
12.80 132.57 850.9 71.16 61.41 1641.22 862.4 831.1 14.07 71.16
13.00 154.92 919.7 B6. 36 68.96 1641.70  974.6 919. 15.20 86.36

3
13.20  200.02 1199.9  106.19 93.82 1643.32  1421.8  1199.2  19.82 106.18
13.40  265.99  1756.1 135.22  130.77 1645.49  2090.7 1756.2  29.03 135.21

13,60 333.73 23315 173.85  159.87 1647.07  2584.5 2337.6  38.54 173.85
13.80 393.21 2703.4  218.54  174.67  1647.83 2821.7 2703.1  44.48 718.53
14,00 #43.53  2B47.3  265.60  177.93  1648.00 ((2873.8. 2347.6  47.07  265.40
14.20 486.00 2838.1  312.51  173.49 1647.77 2802.7 2838.2  45.91  312.57
14,40 S21.95  2729.1  357.62  164.33 1647.30  2655.9 2729.3  4S.11 357.62
14,60 552.59  2559.8  399.93  152.65  1646.69 2464.3 2560.1  42.32 399.94
14.80 579.98 2357.8  438.90  139.98 1646.00 2251.3 2357.8  38.97 438.91
15.00 601.38 2140.7  474.29  121.%9 1645.30  2029.9 2140.6  35.38 474.29
15.2)  621.47 1923.1  S06.07  115.40 1644.61  1816.1 1923.0  31.79 S06.08
15.40  639.07 1717.0  S34.45  104.62  1643.98 1617.B 1716.9  28.38 534,46
15.60  654.69 1529.2  S555.73 94.3¢ 1643.39  1481.1  1529.4 5.29 559.74
15.80  48.50 1365.8  S82.31 86.19  1642.85 1290.4 13:5.8  22.57 382.31
16.00 680.9% 1221.8  502.50  7B.45 1642.35  1155.0 12217 20.19 £02.51
16,20 $32.32  1093.2  420.57 71.8¢ 1641.92  1033.4  1093.7  18.07 620.58
16.40  702.5% 9839  636.83  45.80 1641.52  932.5  98Z.9  16.25 636.82
16.60 712,70 B9L.3  451.36 60.65  1641.17  BS0.3  891.4  14.73 $51.56
15,80 72139 BIS.1 A45.04  55.35 1540.88  780.2  @15.7 (.47 £25.03

App-98




Table E-28 (continued)

SUPERSTITICN FREEWAY PROJECT

JOB NO: 1154.0!

WEEKES WASH DETENTION BASIN

100-YEAR FLOOD ROUTING

2- 12" X 12" BOX CULVERT OUTLET

RUN DATE : 08-24-1987 Page No. 2

+ 4 & 3 + 3 +
+ + + + + + +

ASSUNE  ASSUME BASIN BASIN CONPUTE
TINE  ACCUM. Gave  ACCUN.  STORABE  SURFACE  BASIN OUTFLON OUTFLOW  OUTFLON
(HR)  INFLOW  FOR DT OUTFLON  VOLUME  ELEVATION  INST.  AVE FOR DT TOTAL

- (AC-FT)  (CFS)  (AC-FT) (AC-FT) (FEET) (CFS)  (CFS)  (RL-FT) (AC-FT)

-+

l 17,00 730,07 74%.1  877.42 32,65 1640.62  718.1  749.1 12.38 ° &677.4
17.20 738.35  691.5  &88.B5 49.48 1640.39  665.0  &91.6 1183 688.84

17.40  746.26  642.5  899.47 46.80 1640.20  620.0 5425  10.62 699.46

17.60 753.87  600.%  709.40 LR 1640.04  5B0.9  400.5 9.93 709.39

I 17.80 7é61.14  583.2  718.71 12.43 1639.89  545.5  563.2 9.31 718.70
18.00 768.00  526.9  727.45 40.55 1639.75  512.4  528.9 B.74 727.4

16.20 774.36  500.2  735.72 38.64 1639.61  487.%9  500.1 8.27 735.71

18.40 780.31  477.4  743.41 38.71 1639.47  468.5  478.2 7.90 743.81

18.40 785.10 °§.5 75020 34,89 1639.33  450.4  459.5 7.59 751.24

18.80 788.99  423.5  T9B.30 30.69 1639.02  408.3  429.3 7.10 758.30

19.00 788.59  375.B  764.52 24.48 1638.54  342.9  375.6 6.21 764.51

13,20 78B.99  3i5.6 789.73 19.26 1638.13  287.8  315.3 5.21 769.712

’ 19.40  788.%9  283.8  774.09 14.90 1637.77  235.3  2b3.B 4.36 774.09

19.60 788.99  219.6  777.72 11.27 1637.47  193.0  219.4 3.83 71.71

: 19.80  789.9%9  182.0  7B0.73 8.2¢ 1637.22  185.1  182.0 3.0t 780.72

20.00 788.%9 151

20,20 788.99 {14,

20.40  783.99 77.

20,60 788.99

20.80 788.99

l 21,00 788.99
21.20  788.59

21.40 788.99

21.60 788.99

21,80 785.99

22,00 788.99

783.23 5.76 1837.01  137.0  151.0 2.50 763.22
785.13 3.86 1636.69 93.3  115.1 1.90 785.12
785.41 2.58 1636.46 62.3 77.8 1.29 786.44
767.27 1.72 1635.314 4.6 52.0

787.84 .45 15636.20 2.7 © 3.5 0.57 787.84
788.23 0.77 15636.14 18.5 23.1 0.38 788.22
788.47 0.52 1636.09 12.6 15.5 0.26 788.48
768.64 0.35 1636.06 8.4 0.5 ~0.17 788.65
788.75 0.24 1636.04 5.7 7.0 0.12 788.76
786.85 0.14  1636.03 3.4 4.5 0.08 785.84
788.89 . 0.10 16356.02 2

0.86 787.26

r—— 1) o
=
o Wwo © wo 0o

S e el

N oo~
NN~

3 2.9 0.05 788.89

% + + + + +

NAXIMUM BASIN WATER SURFACE ELEVATION : 1648.00 Feet PEAK BASIN DISCHARGE : 2873.8 Cfs @ 14.0 Hours
#3 BASIN OPERATION CYCLE = 14.B0 Hours ##

NOTES: 1) Basin Inflow Hydrooraph : FILE "WKWS100®
2) Basin Storage-Elevation Data : FILE "WKBASIN®
3) Spillway Discharge Data : FILE "WKSOUT®
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Figure E-5 (Reference 3)

Storage-Elevation Curve for the Weekes Wash
Detention Basin at the Proposed Superstition Freeway
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Figure E-6 (Reference 3)

Stage—Dischqrge Curve for the Weekes Wash
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APPENDIX F

POWERLINE EMERGENCY SPILLWAY RATING CURVES




Table F-1

Spillway Flows

Powerline F.R.S.

for

SE Principle Emergency Combined Emergency Combined

Spillway Spillway (cfs) Spillway (cfs)

(cfs) (cfs) (cfs)
68.1 75 - 75 - 75
70.1 92 - 92 - 92
72 .1 106 - 106 - 106
74.1 119 - 119 - 119
76.1 130 - 130 - 130
78.1 141 - 141 - 141
80.1 150 - 150 - 150
82.1 159 - 159 - 159
83.3 165 - 165 - 165
84.1 168 500 668 1,030 1,122
86.1 176 4,250 4,426 7,184 7,360
88.1 184 10,900 11,084 16,616 16,800
90.1 192 19,900 20,092 27,088 27,280
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Figure F-1

Powerline F.R.S.
Emergency Spillway

Typical Channel Cross-Section
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SECTION D-D

Powerline Dam, Hydrology and Hydraulics and Structure, SCS 1967.

(Reference 12)



Figure F-2

Powerline F.R.S.
Emergency Spillway Profile
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APPENDIX G

ARIZONA DAM SAFETY CLASSIFICATION FOR POWERLINE F.R.S.




Table G-1

DAM CLASSIFICATIONS

(Reference 6)

POWERLINE F.R.S.

I. Downstream Hazard Potential Classification:

Existing Conditions:

Significant No urban development and no more than a small
number of habitable structures.

Appreciable economic loss (notable agriculture,
industry or other structures).

Future Conditions:

High Urban development with more than a small number of
habitable structures.

Excessive economic loss (extensive community,
industry, agriculture).
II. Size Classification:

Height: (measured from the lowest elevation of the outside limit of the
dam to the spillway crest or the top of the spillway gates.

Capacity: (Measured to the spillway crest or the top of the spillway gates.

CATEGORY VALUE RATING FACTOR

Existing Conditions:
Height 18.2 feet 0
Capacity 4194 ac-ft 3
Possible future conditions:
Height >25 feet 1

Capacity >10,000 ac-ft 5
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Table G-1 (continued)

(Powerline F.R.S.)
Total Rating Factors:

Existing conditions:
Total of rating factors: 0 + 3 = 3
Size classification: Medium ( 3-7 )
Future conditions:
Total of rating factors: 1 + 5 =6
Size classification: Medium ( 3-7 )

III. RECOMMENDED SPILLWAY DESIGN FLOODS

Hazard Category Size Designation Inflow Design Flood
Magnitude
Significant Medium 1/2 PMF

(existing conditions)

High Medium 1/2 PMF to PMF
(future conditions)

STRUCTURE DATA

Top elevation of structure 1589.1
Spillway crest elevation 1583.3
Storage capacity 4194 ac-ft

DAM SAFETY CRITERIA

Total freeboard: (distance between the top of the dam and the spillway crest
elevation)
top of dam 1589.1
spillway crest - 1583.3
5.8 > & therefore, total freeboard is
within the limitations of Dam
Safety.
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APPENDIX H

POWERLINE F.R.S. - PROPOSED EXCAVATION FOR
THE INCREASE IN STORAGE (ALTERNATIVE A)




Table H-1

Powerline F.R.S.
Storage Rating Curve

(Existing vs. Proposed Excavation)

SCS (existing) Proposed
Elevation Storage Storage
(acre-feet) (acre-feet)
1568.1 0 0
1568.2 175 175
1570 380 380
1572 700
1574 1100 1768
1576 1600
1578 2175 3465
1580 2875
1582 3675 5268
1583.3 4200 5941
1584 4600
1586 5525 7196
1588 6725
1590 7925 9465
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NEY

LISTING OF DATA IN CORE

0 =-POWYERL INE CAM AMALYSISe STPT 17RKS

-
VELGCITY INCREMEMT

1 CTABLE .2790
8 L3000 L0RND L1800 L2500 L3200
. L2700 L4106 L) .8300 .5100
f eS4EC W5T0¢C «5%00 «h100 ChR3EN
8 CBGI0 CHE0D L6700 L6200 .7020
3 CT100 « 7205 L7360 L7400 $7500
fs L76CC L7706 L7700 L7900 L7500
¢ $ T R JRIDC LA100 JH200
5 JHPOE P50 U300 JRGCD RGN0
4 CEAGU LI W85G LE600 JEEDD
8 LPEQC B0 BT LBT720 LP700
a LJHRTO JERCO LRRCOC L8900 L8000
R LRAGE LRAG0 L8900 <8960 «9C00
A «9660 .05 .200C e600 L9100
8 «91020 L9160 L9100 .0100 L9100
& 8 .9206 L5200 <9200 .9200 .9200
g ] ."200 .A230 .9200 <9300 .9200
2 N ENDTSL
= Table H-2
STRUCT MO,
3 3TRUCET ) Powerline F.R.S.
CLFVATIGN  DISCHAPGE STORAGF
8 1568.2500 .GCO0 175.0000 Rating Curve
B 1570.,1900 Y2.0060 380,0000
4 1572.1506 196.0500 700.0600
8 1574.1000 119,006C0 1100.0620 Weekes Wash - Powerline Dam Analysis, SCS 1985.
P 1576.156606 120.0000 1600.0000
B 1572,1C00 141,005 2175.6000
P 1580.1C€00 150,603C  2075.060C (Reference 14)
P 1582,1C0C 159,6CC0 3675,0700
5 1543.3000 165.C000 4)c€A,0005
3 14564,10C0 65,0000 4ccn ocoo
. 1506.1000 4426.,0600 S5P4,9e0q
f 1588,1000  110P4,00600 6724,%000
] 1552.1000 20092.9000 7924,9%99
9 CNDTPRL
STRUCT NO.
3 STRUCT 7



Table H-3

Powerline F.R.S.

Increase in Storage

(Alternative A)

8343 [ ave. b = 170 ft

| Sy length = 7200 ft

| s ave vol = 18.3 ac-ft
82.2 | s

<-=== b ==---
82. ave. b = 475 ft

| length = 6900 ft

| ave vol = 150.5 ac-ft
78.0 |

<-=== b =--->
78.0 | ave. b = 500 ft

| length = 6300 ft

| ave vol = 144.6 ac-ft
74, |

<--== Db -=-->
74.0 [ ave. b = 525 ft

| length = 5600 ft

| ave vol = 135 ac-ft
70.0 |

€eeee b =cc->

App-112
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below 1974

(196 ac-ft of

storage)




Table H-3 (continued)

1574 | area = 80 sq. ft. 193 acres x 4 ft = 772
| 4 _ 198 acres x 4 ft = 790
| 1 = 5600 ft 80 sq.ft x 5600 ft = 10
196
| | 1768 ac-ft
| | 4 ft
ooer e 6]
1537 ft
80 ft
1578 :
’ | area = 320 sq.ft. 193 acres x 8 ft = 1544
| 8 ft 3 210 acres x 8 ft = 1681
| 1 = 5950 ft. 320 sq.ft. x 5950 ft = 44
196
3465 ac-ft
l |
| | 8 ft.
L]
1537 ft
120 £t
1582
N | area = 720 sq.ft. 193 ac. x 12 ft = 2316
e M 12 v 221 ac. x 12 ft = 2652
\] 1l =6270 ft. 720 sq.ft. x 6270 ft. = 104
196
5268 ac-ft

| | 12 ft

1537 £t

App-113




Il - & B S o . ‘Ilr HE EGE N TN =N Ea Illﬁllflll L

| area = 365 sq.ft.
| 4 ft
6680 sq.ft. x 8800 ft = 1350

Table H-3 (continued)

133 ft
area = 884 sq.ft. 193 ac. x 13.3 ft = 2567
229 ac. x 13.3 ft = 3046
| 13.3 ft 884 sq.ft. x 6500 ft = 132
196
1 = 6500 ft 5941 ac-ft
I
| 13.3 ft
e
1537 ft
333 ft

| area = 450 sq.ft.
| 2.7 ft.
| 450 sq.ft x 7600 ft = 79

4509 sq.ft x 7600 ft = 787

- 193 ac. x 16 ft = 3088

1 = 7600 ft. 196
| | 7196 ac-ft
| | 2.7 £t
SPTRE—

1670 ft

365 ft

- 730 sq.ft. x 8800 ft = 147
1 = 8800 ft. 193 ac. x 4 ft = 772
7196
| | 9465 ac-ft
| | 4 ft
I l
1670 ft
App-114







PLAIE 1
20 POWERLINE F.R.S. WATERSHED

UNITED STATES APACHE JUNCTION QUADRANGLE UNITED STATES NTED STATES v~““f7§/
'2/) a4 4

DEPAR - ;
corgghg: ngGT;{gEggMY Ammw\ N DEPARTMENT OF THE INTERIOR DEPARTMENT OF THE ARMY
3680 11 sE 7.5 MINUTE SERIES (TOPOGRAPHIC) GFOLOGICAL SURVEY CORPS OF ENGINEERS

“47 (brEWAI TMTND -
R 1 1620000 FEET Y, : 153 e 30 : , Ca mp'jl:)t”;(:/ffa o m " . 2511 Sw
% s fT\JW' D LS A S g s : . R A — e . 1 omf 27 1() 8 iwrormar LY pam 60
3 - ') /l hh \,’ % N A0 .

(r’ﬂ( ) M\“ (./f \Q"h ' "-’)”' 7w T e
: ’ ~" oY f(« w\\‘ ,."‘ ,fu J

h "QH(
(

e \\
I
o Y {

'/ Q}'()f um M(m}f J

N N Ry t "'*f o \, PR ﬁ\\”“ ;3 T _)_ 7 .
\ /:.Y N /' \ ’ { l ?(( ‘ J M’)\':S‘ \\)}‘ Wi AQE\\ \(‘/J,) 71}(,/ (2 ///{\ \
,'.y'“’."l‘ 3 ; ; { i\f \/\ ,/,’ \ b3 \ // (u Y ‘//\

; /”C ! ’um ’ ' 710 o ’/ Aﬂ’} ((( 3,/;'/,-,/“ Nl
' "l{ r'm:\\l ™ 7 \ o \%\ Co )Itn’ ';» "’M , o ,J\\ i -, ! N >

v ‘,;:‘ ((;“"&{g’»f),'} ?,) NHM 0T Y )\, > ~‘\l l ’ ‘U\ \ . W N ; f 4 b
BRI Tt ¥ \ {(Om\\)r;}-lfw " v{lh 20 AR o \ﬂ /\ y
' ' ' [ N RN A ) \ /’ o R
. SN TN s R :‘\/‘.\_ \‘ ¥ ’ .
,,‘ J'(f,"g §

¥ \,&“‘b i %
ys\gs@s
v\m\{\v\ GNP
S 13)3;;;.;/

G l(\w,‘» # .
AR “;4(({;‘ e
OO codo I o
S s n.)\‘
o py
\\\ j(,‘b./mx( R

<(I ra’) .
W ,»)‘

‘w | .”“{*\\ R
R {

S AT AR D S A IR

7 e Jomanem ‘W»N’Q )

“ :‘;.‘ o, M
' f\ T Ch, - m;(;x wm..\
. R AR id " \

c&ﬁ’ﬁ\‘ >

v
o SRS
‘ i &/4’4" |
RS ’.
L
1 N
“VI (3" { i “'*\-\
LR ™,
N
;

e
hm mw’l /.

A/" L

P ,"(/..- [
T am .
Ly

RS P

[ P 247y
”\\ ‘n{‘)“"\,’/(’ ///" ALl ~
% ""\.S( 7 é e

. )

]f . "ﬂ.“:;«r/’\\’,, AN N
IOR7 N N N
Vot f/'se )i\k\ S8 ;"\\‘i?\'f‘x i
s }%4 ’,' ”/\ll\l‘l

g . bR
T LA e

U A,

J§nsia 3

,Lf" «R{l P}f\ ?, \\ \‘\\\

.....

.~.J . et ., ‘/«m ) “ ) ' N ),
54 o N \ !
o ’”\,‘ A _CO ) NN
' y FINAT, €0 ANAN o
‘ LN \
\ BN
3

g . K

'u ‘(Q«N\,u'uﬁ{l
. Q e ‘ ﬂvr/”"'P\\ an ‘\ '

/(Ag)f\ﬁ\v’: G ' .
0 “\ﬂ»ﬂ’gﬁﬁa/\{z?

A :xw.u.m;....;%,w..;w.» - ; S
LN N v ; A
n‘/‘. ; )

‘,J"h \‘

iy
' ’;Ht'“-."d
. b

;{' o \” \Q}/ A f \ “MA0 |
\ v .
\ T\ " T%\\z\(é\‘ \r'\: ;9 :

; ‘ ‘ ¥ ™ ‘," v
.f\};} 1 ‘ 4 m‘m ~-'~,"~‘\,‘ \ - U
o ' L }d; AN N -
3 Lost LN (e ;

" S [ . \,\L /
AT ffﬁ?ﬁ"‘* /'\’\ S i (N w/\,,/,, bl NN
“”‘\ ”/w\/krg oy Al A\/‘ ke (fu\;j f P
‘/z“,\f\\'v\ ( ’3 i / \ K 1 ﬁz /./\,),
\,v}

(RN ™y
1y ¥ ; ) »
N \Yxr NI W 1//, T ’
Zé‘/zr«”\j\ L/j?'} {\,«f\/\ﬁ\/‘r/‘fl . \/\/ l" &/ /7{ A
T SW o ""e‘f ; I\ «
AR i W ) ’ﬁ\’v\i,,;“/iﬂ

\/
. 4,

;/\ \\XY‘“’ /!I\”\{\ K\M\'V k{f\“)ﬂ\, v ( ~ V ) N 7 "‘. ¥ ‘/\ X "‘, <

! l‘/\/> ‘/)/‘/“\f\\\\fj{\/,\/\j) ANl ’ " i 15» \ -y v R .{ { o
YEUEN ; . g e

N ‘”ﬂ?ﬂ”‘Jiﬁw%7~Lr“ﬁ

oap“
[P )/") ’/\/Z

7 \ )ﬂ ) [ . \ - > ( » | 2 //
W V\ N NN A, e M T 90
~ % A b e P e
y i L . pa : ' ,}:“,/. y

{x

{
2

J
/

¢
r'

.
)

: { 4 /
7 J‘
A

\ i .
N b . .
i TS
i aton )
i Ty e S
. "~ N e M o
|
IR . ,
fie < Ay ¢
P e e BT
e e
YL
Ny
e

'r‘nn !/?k ;

Rudeh

1

I
x{m:u)n "wf-;;n’ :
?

|

L "HM o U{!
e G
uéff

. /Jl“( (}':’“' oA lf)
\ el w7 |, - . ( , “v“’i“ '

/fﬂm*‘(mﬂ
. U\ nhutahnn ;

7Y

»%gﬁ

o2
N\,

S

v; /},\ o J/m

\/w A AN
j 'ﬁ\ AN '/ N {/[\g s

\' lon | "< 7 //" )\Z (\/(/U/ )/
Yoo éﬁ/b SN A

Y

7 ol
nl =

1 ‘ \ .
/ ) /ll )r ]
o) y

éﬂa

{
( 7l /7
(
M fm 2

~/BAg

/-

@

!/(’ ‘ - p // . ¥ f i )
* ' SV
-/ i / :
/ a s » w9 T M 9?‘,».. "man:-'mmr’. "”{‘\“"“
’ - e /?u )
f ~1
ST e
\ ~h o~ A 37
i ™ Mx) . ﬁu.,.. { N

e

7 (1‘0(’()

: AR

: {\l 50
kf‘/; '4,”.

>(/ ok “J ‘/l(

et

YA
" f/“’\w,

O

TYraler T
Park

ARICOPA ~CO I

© PINAL

M

‘ /
,A,n,;;// /.

T, jgé W s
ol (f’/"/ /

NS L ~ o . I N/ . W‘ ;
N . o : e ! o ) . “.‘.J e 7 nt ‘ ] nr Lot
- c { : e : a . o e T R I S ) ) /0 K o 7 o f 2 : ,‘:% \’,“( [d] : / (’ Nq (\JA V) ‘\'f/"/y »
“““ 2, ) \ . R G o ; g N L2 T . ( 7ol T e ;7‘ ';/‘(,f:"{ i/u QY; 1 ( b \\ ‘:( 1
s T o . : » » . . ETE ST Y 76 bt N/ PALK
3 N : ‘ o ) g - a o v ’ ’ ; ? ’ l/;'/,v s f" / A ! .) | /1 P

LV
' e AR
G bm ANy

//téyggv&JW'“ ?”0“'&éip
~} . NS

AS . 57 L/w SN

// ,/)/‘{3 ﬁ ﬂa s’( JJ y /7

ey ’

v °y .

(T e [,Jq R«/ ‘5//{:?‘ :
o Y p A ‘//\ q
/// PRy Q’ ifp

\\ 7 ”?}f?; ?ﬂv‘; ré/(é;, ‘J ) L)//L”}z}“/%mi % g':/s”

‘ | ‘\y ?
: P .. X 5 -5 ; . ' ¢/)
k o d;ql_ogri ( . ‘ . y - = ety "y // ‘. // /,’?‘“/,
[N S R4 g / o
.[ ;

b ! -
S o P r)
e ; ( /b/u‘

' ( [ R (.7 Co e 9 ; A
. N . i * M) ! o ' [N ( - PP
\ ( A/z ( \ ﬁ S : | I" 5 "2 ( ,.\ . /(’("
;) e ) o

a "|
x, »-zts!:\
xSy GeEe

1861353505

(‘f

4
'f
| [ . Z /.‘7/\,‘1/ . ?F o
S I T
’ {, I e st L
< ‘ }J«;? Arwj // yE} &_/ ] \ o
. g Va =8 s , ;
ST TSNS o, o
: s A B r s

g,
——
’\'
‘\:
A
&
s

( \ . > , Va \ 8 . . \\

Y 7y s Y i [ - ( /

ﬁ)' ( D \ \1 { l\ rECE F’N()Nl’ 1 .
e PR (o v . T

< AN .

h l
Vs, ‘/14/,/ 2 / (., 1 /{7\; 4}




