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Introduction

On May 27, 1987, +the City of Phoenix retained SEA, Inc. to
determine the peak flow for Cudia City Wash from a 100-vear,
24-hour storm event. This report ocutlines the method used to
develop data for input to the hyvdrologic model and presents the
results from this analysis of the watershed rainfall - runoff
characteristics.

Although numerous studies had been performed prior to this, it

' was requested that SEA s study be an independent analysis. As

a result, no attempt was made +to access public agency or
private consulting reports which had specifically calculated
runoff from the Cudia City watershed. Those agencies contacted
for information during the course of this study are listed in
Appendix A. : '

Location

Located in northern Maricopa County, the Cudia City Wash
drainage area 1s roughly bounded by 58th Street on the east,
36th Street on the west, ©Stanford Drive on +the south and
Roadrunner Road on the north, Figure 1. Approximately 80
percent of the watershed is in the town of Paradize Valley,
with the remainder in the City of Phosnix. The main wash flows
from northeast to southwest with the outlet north of the
Arizona Canal in the vicinity of 40th Street. ’

The goal of +this study was the development of a rainfall-
runoff relationship and a resulting peak flow using a
hydrologic runoff model. The type of hydrologic model used is
determined by watershed characteristics, such as the degree of
urbanization, the land surface slopes, and the mechanism of
flow. As the data were collected and analyzed in the early
stages of the study, +the U.5. Army Corps of Engineers (COR)
HEC-1 program, specifically +the kinematic wave portion was
selected as the most appropriate model. This decision was
hased upon the extent of urbanization, the highly variable land
slopes, the complexity of the drainage pattern, the size of the
subwaterasheds, and the presence of overland flow conditions in
much of the area.

Two sources of data are available. OSome background information
can be accessed in either agency files or as published reports
or maps (i.e., sc0ils and topographic data). Other data such aszs
the information used to define the channel characteristics,
must be collected on site. Four site visits were made to the
watershed +to determine channel widths, sediment size, and
roughness coefficilents and to define channel courses whan these
were indeterminate from either aerial photographs or +the
topographic map of the areas.
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Cudia City Wash occupies a broad, low-relief graben valley.
The wash and its tributaries drain adjacent steep, rugged horst

blocks marked by the Phoenix, Mummy and Camelback Mountains.

The main wash trends southwesterly between the three ranges.

Mummy Mountain is usually considered part of the Phoenix

Mountains. This report treats them separately based on their
separation by a narrow valley (probably due +to a unigque
fracture system), lithologic variations, and independent

drainage patterns.

The mountain ranges are rugged, resistant, fault-bound horsts
flanked by concomitant graben wvalleys. These sharp features
are typical of Basin and Range extensional, brittle tectonism.
Direction, trend, and detrital composition of the washes appear
to be entirely dependant upon local geologic and geomorphologic
characteristics.

In the study area, the Phoenix and Mummy Mountains are
comprised primarily of Precambrian schist and gneiss. Isclated
gneissic outcrops form hills between the two ranges. Clast
compositions in tributaries draining the two ranges are largely
muscovite schist, dark green (hornblend?), auartz-rich gneiss,
and vein-quartz fragments.

Camelback Mountain is comprised of Precémbrian granite (the
camel s "body") unconformably overlain by Early Miocene red
fanglomerate named +the Camel Head Formation (the camel’s
Glheadli) .

Streams draining +this range carry detritus rich in granitic
components. These sediments are markedly pink . in color and
consist of whole potassium feldspar crystals, angular quartz
grains, and subrounded granitic pebbles (some muscovite-rich).

Angularity of detrital grains increases with proximity to hisgh
relief areas of provenance. Subangular and subrounded grains
are seen in the low lying, low relief areas away from the base
of the mountain ranges.

Finer grain sizes are seen in the lower reaches of the streams.
Conversely, coarser sizes usually occur near the headwaters
with one exception: coarse particles do appear downstream when
there is a confluence of two washes. This phenomenon disrupts
the otherwise normal fining-downstream particle distribution.

Topography

The first step in a runoff model is to delineate the major
watershed boundary and then further subdivide +this area into




.

smaller areas each having similar characteristics of slope,
soil type and drainage pattern.

The first data needed were the U.5. Geological Survey 7.5
minute @Quadrangle BSheets for Sunnyslope and Paradise Valley.
These maps, photorevised in 1882, with a contour interval of 20
feet, contained the only torographic information available for
the entire area. To facilitate data entry and analysis, the
two quadrangle maps were spliced together and enlarged to a
scale of 1 inch equals 1,000 feet. This allowed the study team
to delineate the major watershed for Cudia City Wash in greater
detail than might otherwise have been possible, and to further
subdivide the watershed into smaller areas each having similar
characteristics. Achieving this degree of detail required the
use of aerial photographs obtained from Kenney Aerial Mapping.
Twelve photographs taken in April 1887, at a scale of 1 inch to
1,800 feet, provided stereo coverage of the watershed. In
addition, Kenney provided a photo mylar at the =same 1 inch to
1,000 feet scale of the toposraphic map.

The topograrhic map was also used to calculate slopes and the

areas of the subwatersheds, and to measure the lengths of
individual tributary washes. These data are contained in Table
1.

p | pitat

The 100-year, 24-hour and 6-hour storms génerate 3.80 inches
and 3.15 inches of precipitation, respectively, as indicated by
data obtained £from the National Oceanic and Atmospheric
Administration {(NOAA) Atlas 2, Precipitation Frequency Atlas of
the Western United States, Volume VIII, Arizona. The modeling
procedure used 1in SEA's analysis requires that the total
rainfall be distributed in some fashion over the duration of
the storm. Develeoping this storm pattern requires +the
determination of the one-hour, 100-year storm using equation
(1) below in conjuncticon with the 6-hour and 24-hour storms.

Y1 = 0.494 + 0.755 [(X8) (X8/¥X24)] _ (1)
Where Y1 is the 100-year, l-hour storm, X6 is the 100-year, 6-
Hour storm and X24 igs the 100-year, Z4-hour storm. Using the
one-hour ratios for calculating the 5-, 10-, 15- and 30-minute

rainfall intensities developed by the National Weather Service
for the western United States, the peak 1b-minute intensity was
calculated as 1.40 inches/hour. The rainfall rates for the

24-, 8- and l-hour events, in addition to the 5-, 10-, 15- and

30~minute rates calculated above, were plotted on log-log paper

and the incremental rainfall at 15- minute intervals
determined. The net rainfall for each pericd was arranged with
the highest rainfall occurring in. the 15-minute period
following the midpoint of the storm. .



TABLE 1
SUBWATERSHED CHARACTERISTICS

STREAM

AREA LENGTH SLOPE LOSS RATE PERCENT
WATERSHED {(sq mi) (ft) (ft/ft) {in/hr) IMPERVIOUS
Upper 6B 0.094 2000 0.100 1.0 0
Middle 6B 0.188 2000 0.016 2.6 5
Lower 6B 0.582 2000 0.011 2.6 b
Upper 6A g.038 1500 0.250 1.¢ 4]
Middle B8A 0.0986 1500 0.10Q 1.9 5
Lower 6A 0.085 1500 0.030 5.7 1
Upper 8D 0.012 500 0.008 2.7 10
Upper 6C 0.060 1600 g.100 1.0 0
Middle 6C 0. 085 1700 0. 030 2.6 5
Lower 8C 0.085 1700 0.020 2.6 5
Lowey 6D 0.038 1200 0.020 2.8 10
Upper 54 0.049 1250 0.100 1.0 0]
Middle GA 0. 0489 1250 0. 040 2.8 5
Middle 5A 0. 049 1250 0.025 2.8 5
Lower 5A 0.049 12590 0. 020 2.8 4
Upper bHE 0.084 1500 0.100 1.0 0
Middle 5B 0,083 1500 0.022 2.6 3
Lower 5B 0.040 1500 0.0125 2.6 1
Upper 5C 0.030 1000 0.010 - 1.9 5]
Middle 5C 0.0386 1500 0.060 2.6 5
Lower 5C 0.038 1500 0.025 2.6 5
Lower 5C 0.0356 1500 0.014 2.6 3
Upper TA 0.050 1000 0.200 1.0 0
Middle TA 0.0940 1500 {. 0580 1.9 4
Lower 7A 0.090 1500 0.030 1.9 4
4 0.192 700 0.008 3.5 5
Upper 7B g.025 1500 0. 100 1.0 0
Lower 7B 0.040Q 1500 . 0490 1.9 5
Upper 3A 0.070 1500 g.250 1.0 0
Opper 34 0.070 1500 0.250 1.0 0
Middle 3A 0.166 2000 0.080 1.9 4
Lower 3A 0.070 1500 0.050 1.9 4
Lower 3A 0.050 1000 0.020 1.8 4
aB . 0,179 6500 0.023 2.6 5
Upper 24 3.033 1000 0.250 1.8 0
Upper 24A 0.033 1000 0.100 1.9 5
Upper 2A 0.034 . 1060 0.050 1.9 5
Upper 24 0.033 1000 0.250 1.9 0
Upper 2A 0.033 1000 0.100 1.9 5
Upper 2A 0.034 1000 0. 050 1.9 5
Lower 24 G.011 1000 0.050 1.9 5
2C . 180 3000 G. 040 2.8 3
2B (0.178 1800 0.020 3.5 5
Upper 7C 0.028 1000 g.250 . 1.0 0
Lower 7C 0.042 1500 0.160 2.6 1
Upper 7C 0.028 1000 0.250 1.0 0
Lower 7C 0.042 15900 0.180 2.6 i
-5-




TABLE 1
Continued
STREAM .
AREA LENGTH SLOPE LOSS RATE PERCENT
WATERSHED (sq mi) (ft) (£t /£%) {in/hr) IMPERVIQUS
Lower 7C 0.0860 1500 0.030 3.7 5
8A 0.218 2500 0.010 3.7 5
8B 0.263 © 2000 0.005 3.7 5
Upper 1A 0.313 4000 0.100 1.0 0
Lower 1A 0.055 3800 0.030 2.8 1
Upper 1B 0.098 4000 0.030 3.7 2
Upper 1C 0. 044 1900 0.017 3.7 5
Lower 1C 0.036 1800 0.017 3.7 5
9A 0.152 4500 0.007 4.8 4
9B G.058 2000 0.0125 4.8 5
-6~




The procedure used to develop the storm pattern nests the one-
hour storm within the six-~hour storm which is in turn nestsed
within the 2Z4-hour storm. This allows expansion of a point
precipitation measurement into a mathematical representation of
the entire storm.

Soils

éoil types and 1nf11trat10n rates were obtalned from the Soil

Axizgna, publlshed in 1974 by the U 'S. 8011 Consarvatlon
Service (S8CS). The scoils map for this watershed is included as
Figure 2. In addition, Table 2 lists the major soil types, the
hydrologic soil groups and their permeabilities.

Deg ¢ Urbanizati

The type and extent of development in the watershed determines
how much of the area available for runoff is impervious to
infiltration. Past and present conditions are readily
available from aerial photographs. Figure 3 is one of the
April 1987 aerial photographs which shows the extent of present
urbanization in the watershed.  Actual percent impervious was
calculated for a few watersheds from these photographs by
calculating the areas covered by pavement and structures. This
result was then extrapolated to the remainder of +the
subwatersheds by comparison with similar calculated areas.
Future conditions were estimated using the current aerial
rhotographs and the Maricopa Association of Governments (MAG)
study titled "Update of +the Population and Socioecononmic
Database for Maricopa County, Arizona", released in May, 1887.
The MAG study divided +the area intoe large zones which
encompassed not only the Cudia City Wash but also adjacent
areas. Although +the MAG study indicated that population
density in the zones of interest may double by the year 2015,
current zoning and patterns of development indicate that zsuch
increases are unlikely in those portions of the MAG study
contained in the watershed.

Calit b Dat
In addition to collecting data +to model current and future
conditions, i1t was necessary to calibrate the hydrologic model
so that +the model dinput adequately described the watershed
runoff process. Any agency which might have monitored flows on
Cudia City Wash was contacted, and it was found that the U.S.

Geological Survey (USGS) had in fact estimated runoff from a
June 22, 1972 storm. The information obtained from the USGS is

.contained in Appendix B. The analysis by the USGS used high

water marks to calculate a peak flow of approximately 3,000 cfs

from the easternmost 2.16 sguare miles of the watershed. This

information is c¢ritical +to. the development of a reasonable
hydrologic model. The prediction of the model can only be as
good as the input data, and the most poorly defined input data

-7-
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S0IL CHARACTERISTICS

TABLE 2

HYDRO-
ESTI- LOGIC LOSS
SOIL SOIL MATED SQIL RATE -
TYPE DESCRIFTION SLOPE % | RUNOFF GROUP (IN/HR)
RO "50%-70% Rock Rapid NE NA
Outcrop . '
RU Rough Broken 5-60 Rapid NE NA
Land
AOB Antho Gravelly 1-3 Slow to B 2.0-6.3
Sandy Loam Medium
CEC Cavelt Gravelly: 1-5 Slow to D $0.83-2.0
Loam ' Medium
LaB Laveen Loam 1-3 Slew to B 0.63-2.0
Medium
PVC Pinamt Gravelly 3-5 Medium B 0.20-0.863
Loam
TrB Tremant Gravelly 1-3 Slow to ‘B 0.63-2.10
Loam
Va Valenaia Sandy 0-1.51 Slow B 2.0-6.3
Loam
NE = Not Estimated
NA = Not Available
From: USDA - So0il Conservation Bervice, 1874, ©Soil Survey

Eastern Maricopa and Northern Pinal Counties Area, Arizona.




FIGURE 3
AERIAL PHOTOGRAPH OF CUDIA CITY WASH DRAINAGE AREA
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for the watershed are the loss rates. The loss rate is defined
as the quantity of water which will infiltrate rather than run
off. In order to assure the reasonableness of the losszs rates
used, they were varied until the precipitation measured on June
22, 1972, produced a response in the model which was equivalent
to the calculated June 22, 1972 peak flow.

In addition to the peak flow estimate, +two: rain gage
measurements were available for the area. The USGS had a gage
at 34th BStreet and Coolidge which measured 4.46 inches of rain
and the National Weather Service had a gage at Mummy Mountain
which recorded 2.9 inches of rain on June 22, 1972. The
location of these gages is shown on Figure 4. The large range
in precipitation wvolumes measured at gages approximately 5
miles apart is not unusual for summer thunderstorms in the
Phoenix area. A difficulty arises, though, when trying to
determine not only what precipitation caused the runoff on June
22, but was what the duration of the precipitation. The only
rainfall data available for the Cudia City Wash area are daily

"totals, but thourly precipitation values are available for the

Phoenix Weather Service Office at Sky Harbor Airport, a
distance of some 7 miles from the watershed. These data show
that the storm may have been a six-hour storm with the peak
rainfall wvolume occurring in a one-hour period. Given this
pattern, the volume of rain still needs +to be determined.
Thunderstorms in Arizona can be highly localized, resulting in
one station showing large volumes of rain while nearby stations
record little rain. This is 1illustrated by Figure 5, a map
showing total precipitation on June 22, 1972, for +the gages in
the Phoenix metropolitan area.

"Since there 1is no rainfall gage within the watershed, it was

necessary to estimate +the precipitation which caused the
documented June 22, 1972, —runoff. The Mummy Mountain gage
(2.98") and the 34th Street and Coolidge gage (4.46") are
approximately equidistant = from the watershed boundary.
However, the main body of the watershed is closer tc the Mummy

‘Mountain gage. In addition, rainfall on June 22 had already

wetted the area, meaning that loss rates would be lower than
under dry conditions. The model loss rates were calibrated
using precipitation values of 2.9, 3.1, 3.35 and 3.68 inches.
The results of these calibrations indicate that reasconable loss
rates are only achieved if precipitation wvalues closer to the
Mummy Mountain reading of 2.9 inches are used.

Model Development

The HEC-1 computer program containing the kinematic wave
routing option was used to model the Cudia City Wash drainage
area. The program is described extensively by the COE in the
user ‘s manual for HEC-1 and in +their Training Document Number
10, "Introduction and Application of Kinematic Wave Techniques

Using HEC-1". Briefly, the model requires that subwatersheds
be divided into a main channel, a typical collector channel and

“11-
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up to two typical overland flow planes representing pervious
and imperviocus portions of the watershed. The descriptive data
used as input to the model for each of "these areas are
representations of average conditions over the subwatershed and
not a specific flow path. The Cudia City Wash drainage area
was divided into 9 major subbasins. These subbasins were
further subdivided into 23 = smaller watersheds with one major
tributary (where possible) in each, Figure € (in Map Pocket).
A final subdivision of these 23 into 57 relatively uniform
channel sections was made to ensure uniform slopes in each
segment modeled. A schematic of the watershed routing is
contained in Figure 7.

Model Calil . 1 R 11

Two steps are needed when modeling a hydrologic flow system.
The first involves +the calibration of the model data input
using a recorded precipitation wvalue and the resultant measured
runoff. The second step then uses this calibrated model to
predict the future runoff. The more data available for the
watershed (that is +the runcff hydrograph shape and time
distribution with respect to the timing and distribution of the
responsible rainfall) the better +the model calibration. In
addition, the more of these rainfall - runoff eventz which are
available for calibration, the better the calibration will be.

In this situation, there is only the one (June 22, 1972) event,
and neither the peak runoff nor the precipitation over the
watershed were actually measured for that event. With those
constraints, the calibration of the model began with an assumed
precipitation of 3.68 inches, the arithmetic average of 2.9
inches (Mummy Mountain) and 4.46 inches (34th Street and
Coolidge). The assumption made at this time was that the data
taken from the topographic map and aerial photographs {(areas,
slopes, channel 1lengths and percent impervious) and the data
obtained from the site visits, (roughness and channel width)
adequately described the watershed. With this assumption, the
data that needed to be calibrated are the loss rates for the
subwatersheds. 4 different loss rate can be applied o each
subwatershed., Original 1loss rates for the model were the
permeability rates given by the Scil Conversation Service as
shown in Table 2, and were assumed to remain uniform in time.
The calibration procedure therefore involved the adjustment of
the loss rates until the modeled flow at 2.16 square miles
approximately equaled the 3,000 c¢fs calculated by the USGS for
1872 flow event. Once the model was calibrated, several runs
ware made using the Mummy Mountain precipitation and the 34th
Street and Coolidge precipitation and the 100 vyear 6-hour

precipitation. The results from these four runs are shown in

Table 3, runs Al through A4. Peak flows ranged from 2,641 cfs
to 9887 «fs. The loss rates in the calibrated model were, on
the average, twice the SCS permeability values.

-14-
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TABLE 3
MODEL RESULTS

PRECIPI-] SOQURCE OF SOURCE OF PEAK FLOW PEAX FLOW
TATION PRECIP LOSS RATE FROM 4.9 2.2 8@ MI
RUN} (INCHES) VALUE VALUE 5Q MI (cfs) (cfs)
Al 3.68 Arithmetic Calibration 6638 3082
Average of :
8/22/72 data
A2 2.90 Mummy Mtn Al 3641 1648
6/22/72 '
A3 4,40 34th & - Al 9887 48286
Coolidge
6/22/72
. A4 3,15 100-year, ‘ Al 4492 2068
8-hour storm
R1 2.80 Mummy Mtn Calibration 8517 3156
6/22/72
B2 4. 40 34th & Bl 14505 7027
Coolidge ‘ :
6/22/72
B3 3.156 100~year, Bl 7820 37286
6-hour storm
C1 3.35 Weighted Calibration 65578 31486
Average ofF
6/22/72 data
D1 | 3.68 Arithmetic Al - 6554 3090
' Average of % Impervious
6/22/72 data Revised to
Match 1972
Conditions
El 3.10 Revised Calibration 6553 3153
Weighted '
Average of
8/22/72 data
to Match
Model Loss
Rate and 5CS
Loss Rate
E2 | 3.15 100-year, E1 6774 3261
6-hour’
storm
-16-




The next step in the model calibration was to make sure that
the first, simplest, estimate of precipitation was actually the
most representative for the watershed. In reviewing the
location of the two gages with respect to the watershed area,
coupled with a working knowledge of thunderstorm patterns, it
was decided to calibrate against the Mummy Mountain
precipitation of 2.9 inches. The 1loss rates were again
adjusted until the model flows matched the estimated 1972 flow.
Two further runs were made using 4.4 inches of precipitation
and 3.15 inches. The peak flows for these runsz, listed in
Table 3, are 14,505 cfs and 7,820 cfs. Loss rates for this
model were less than the permeability rates given by the SCS.

The last two calibration runs using 3.35 inches and 3. 10 inches
of precipitation, were made to find a range of loss rates used
in the model that were similar to the higher permeability range
given by the SC8. Peak flows for the 100-year, 6-hour rainfall
using the loss rates developed in these two calibration runs
were 5,667 cfs and 8,800 cfs respectively.

Comparison of model loss rates with the SCS permeability rates:
showed that the loss rates in +the calibration model run uzing
3.1 inches of precipitation .more closely approximated the SCS8
permeability rates. The calibration run which most clozely
describes the watershed characteristics therefore was chosen as
the run which used the 3.1 inches of precipitatiocon. Final loss
rate values were taken from this run. The peak flow the 100-
year, 6-hour precipitation of 3.15 inches is 6,800 efs, Data

~input and the output for this model are contained in Appendix
C. Based upon data available for this study, the range of peak

flow from a 100-year, 24-hour may be from 5,700 cfs to 7,800
cfs with the most likely flow being 8,800 cfs.

Three items should be clarified regarding these calulations.
All model runs were made using present development conditions.
Test runs comparing peak flows using the percent impervious for

1972 conditions, present conditions, and future (vear 2015)
conditions, showed less than a two percent change in peak flows
between the runs. It was decided therefore to make all runs
for present conditions. The second item that should be

explained is that all model runs were made using the 100-year,
6-hour precipitation. The accepted practice of distributing
rainfall intensities throughout a hypothetical storm nests the
one-hour storm within the six-hour storm which is contained

within the 24-hour storm. The loss rate, which ranged from 1
inch/hour to 5.7 inches /hour, must be satisfied before runoff
from the rainfall can occur. Only the nested one-hour storm

within the 24-hour storm will actually cause runoff, because
the remainder of the storm is of lésser intensity than the loss
rates. Since this is true, the six-hour storm will adequately
describe +the peak flow for the 24-hour storm. This is
beneficial for our use because one of the problems in using
HEC-1 is that the number of hydrograph ordinates is restricted
to 300, and that the smaller +the +time interval between the

-17-




ordinates, +the more accurately the peak flow is calculated.
Using a one-minute interval and the six-hour storm ensures that
numerical dispersion is minimized and the peak is most correct..
Testing a larger hydrograph increment of 5 minutes showed the
peak was lowered by 15 - percent, resulting from numerical
dispersion and from the peak occurring during the 5-minute
interval. Third, since the 24-hour peak was obtained from the
6-hour storm, the total runoff yolume from the Z2Z4-hour storm
cannot be reported, only flow rates for a portion of the storm.
However, this volume was not requested at the inception of this
study. .

QQI&LUmaisul

Based upon +the data available for this study as outlined in
this report, the 100-year, 24-hour peak flow from Cudia City
Wash may range from 5,700 cfs +to 7,800 cfs, with the most
probable value being 6,800 cfs.
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Appendix A

Agencies Contacted During
This Study




CUDIA WASH/PARADISE VALLEY
DOCUMENTATION. OF PEOPLE CONTACTED AND RESULTS

BY ROBIN D. JENKINS

other,

He fully explained.

‘l DATE FIRM/ - PERSON
e AGENCY - CONTACTED RESULTS OF DISCUSSION
lI 5/27/87 | Landis Aerial Paula Topographic maps not available for any area.
Photography Photos available: 8% x 11 to 40 x 60. Photos
in stock are 20 x 20, labeled, 1":1200', $20.00

] each, flown Dec. 1986.

. 5/27/87 | Kenney Aerial Eric Paradise Valley flown last month, Topographic

l Mapping Hodgins maps available of only local, small areas; none
available for Cudia Wash Area.

l KENNEY will enlarge our USGA quad maps to.1":1000',
then match that scale on the air photos. Cost =
$135.00, no later than Friday morning for
finished product. The enlarged quad map will be

l mylar that we can make bluelines of,

I 5/27/87 | Paradise Dick Requested %-section maps of Paradise Valley area

Valley City Edwards (T2N RAE). His maps are mylar, 5 years old,
Engineer 1":200"' scale and not contour maps.

l EDWARDS said the county would have copies of %-
section maps. He also said the cheapest and

] easiest way would be to enlarge our USGS quads.

5/27/87 | USDA Soil Nelson I asked for Eastern Maricopa County detailed
l Conservation soils maps and book. No probiem, copies were
Service, free of charge. He provided me with a copy of
Field Office Soil Survey of Eastern Maricopa and Northern
l 3150 N 35th Av Pinal Counties
5/27/87 | Maricopa Art I requested information on any reports written
I County Auerbach concerning projections of growth, population,
Assoc of urban development. He explained what is avail-
Govern (MAG) able & directed me to the MAG office downtown.

l ' There 'I bought a report entitied "Update of
the Population & Socioeconomic Database for
Maricopa County, Arizona", and various tables

l showing projections to the year 2015.

5/28/87 | MAG Art I asked him to explain some of the TAZ tables.

l Auerbach For example "Undeveloped Employment Areas" and




CUDIA WASH'
FLOW & PRECIPITATION DATA ACQUISITION
' DOCUMENTATION OF CONTACTS

BY ROBIN D. JENKINS

monthly precipitation report that they
receive from NOAA

_| NAME. OF .
_ DATE AGENCY CONTACT . DISCUSSION
l 6/1/87 USGS Bob Wallace Informed me that USGS flow monitoring gages no
longer exist, but there is data available for
_I Indian Bend Wash, Referred me to DWR.
_l '6/1/87 ADWR Ron Stulik ADWR not monitoring
| 6/1/87 ASU Receptionist Informed me of precipitation charts for var‘ilous
Climatology| in years, for 100-year events @ 1 minute to 24
l Lab Lab hours time periods. Gave me 1969 for Carefree
Station, 4,04 inches.
1 6/1/87 USGS Fran Jelinek Historic flow records have been archived. In-
formation is available in USGS Water Resources
I Data of Arizona books.
6/1/87 Nat'l Meteorologist | I was informed that Tom Zickus (hydrologist)
I Oceanic and could help me with acquiring precipitation
Atmospheric data. He is out of town.
_l Admin,
6/3/87 Soil Cons. | Carl Glocker Referred to me SCS Soil Survey reports for
l Service data.
W 6/3/87 | 7 Salt River | Charlie Ester | SRP doesn't gage small watersheds or urban
l Project areas. SRP meteorologists and NOAA supply
precipitation data.
1 6/3/87 Water Cons.| Dan Janes They are strictly research on project-by-pro-
_I Lab ject :basis.They do have data for South Phoenix.
6/3/87 Maricopa Keba Buckley Referred me to Tim Sutko for watershed info-
I County F1d. rmation. He is out of town.
Control
I - 6/3/87 USGS Bob Wallace I went to the USGS office and copied the




CUDIA WASH DOCUMENTATION

DATE

AGENCY

NAME OF
CONTACT

DISCUSSION

6/4/87

Maricopa
County F1d|
Control

- Tim Sutko

They have 12 runoff gages throughout the Count
and 60-70 precipitation gages. They also use
NOAA Atlas II, Volume 8, AZ.

6/5/87

Maricopa
County Fid
Control

Tim Sutko

No flow data because their gages are experi-
mental. Precipitation data is recorded in

- hourly and daily increments. They have
precipitation gages @ South Mountain and

Phoenix Mtns, and flow gage in the Phoenix
Mtns. " They use SCS "Urban Hydrology for
small watersheds" TR55 and Army Corps of
Engineers methods for estimating runoff.

6/5/87

Soil Cons.

Service

Janice

Did not have copy of "Urban Hydrology...."
I have to order it.

T Iy T S B B el Em

6/5/87

USGS

Burt Thompson

I was asked to inquire about a Flood Frequency
Report. He informed me of special reports on
particular floods, with magnitude of frequency
of ungaged watersheds, Agua Fria, Santa Cruz,
Gila River, and 1965, 1978, 1980 Salt River
floods. Also a statistical summary {pub 1979)
of high, low & mean flows, and the percent
possibility of recurrence. There is an annual
summary of flood events dating back approx-
imately 50 years.

6/8/87

USGS

Burt
Thompson

I inquired about obtaining copies of Cudia Cit
Wash drainage data. The information was in
their miscellaneous watershed filed.

I was met with opposition due fto the inter-
pretive nature of their field data and their
possible position of 1iability. Mr. Thompson
called his Superior, Mr. Aldridge, for auth-
orization to release such information. Mp.
Aldridge said the Freedon of Information Act
allows the release of such USGS file material.

SN EE T EN BN BN T BN ER B B

6/8/87

ASU

Climatology

Lab

Pat

I requested hourly precipitation for all the
gage stations near the Cudia City Wash area,

Pat said that only first order stations record
hourly values, and the nearest station is Sky
Harbor Airport. (ther stations record daily
and monthly values. Pat and I made copies of
hourly values for 6/22/72, daily and monthly
from other stations, and a 1969 report entitle
"Estimated Return for Short Duration Precipi-
tation in Arizona




Appendix B

U.S.G.S. Data for Cudia City Wash
near Phoenix, Arizona. 1972
Miscellaneous Site, Flood of June 22, 1972




McDonald Drive and about 1% miles upstx'afm of point vhere Cudia City
- H HERS T e S m‘, 3 98,1800 2 ere on north slde of

Survey of site: Slopee-ares site wea salected by F. Arteaga on June 24, 1972,
The high-water merke and crosa secticns were surveyed June 29, 1972 by
T W. Anderson and E. 5. Ibn:ta.- furvey was ran to en arbitrary detum and
one refsrence mark was established (no previoua surveys at this site).

Instrusent was last 2epeg tested on Juna 26, 1972, prior to yumning -
survey and has subsequently been 2epeg tested on July 7, 1972 and in-
strument wes found in &d.justment on both dates.

Discharg@ snd gege height: 3,000 era; no ss.se helght, miscellaneous aite.
Drainage area: 2168312&1.‘ ‘

B., G.%&SRB¥M. Blope-aresa reach is about 1,000 ru upatream of
Unit discharge: 1,389 cam. ' 15‘10“’“ ,'

Nature of flood: The flood wa.s a msult oi’ an intense thunderstomm over the
area on the morning of Juna 22, 1972. -1.64 inches of rainfall was recorded
at the U.8. Weather Bureau station at Sky Herbor Aixport (7 miles to the
southwest ). 2.90 inches of rain fell at Maummy Mountain Observatory,

2.3 miles porth-northeast of the slope-area site and L.46 inches of rain
fell at U.S8.C.8. non~recarding rain gage site at 34th St. & Codlidge,

2% miles southwest. The thunderstorm resulted from movement into the
area of moist, tropical air from the Gulf of California which encountered
a high~level, unstable, J.ow pmam area over the lorth Fhoenix-Paredise
Valley K00

Fleld condtionst The slopa-m rea.ch is atmi@t end contmcting throughout.
Bed material in the main ghannel generally gets smaller in the dovmgtrean
direction; being largely angular cobbles with some gravel at cross-section 1,
half cobbles and half grsvel at cross-~section 2, and mostly gravel with some
cobbles at cross-section 3. The banks of the main channel are composed of
811t and cobbles. A red conglomerate is exposed an paxrts of bed and laft
bank between c¢ivss sections 1 and 2 and upstream of the reach. The ovar-
filow areas have sand and gilt bottoms with much scattered brush and boulders.

- The croas sections were suhdivided on ha-ais of "n" only. - The "n" values
chosen weret : :

(l. v, ‘. . . b ﬁ(_‘(a
-  Gudta City Wash uear Poentx, Ariz. S JUJQ
: . G1la River Besin S ,_,ﬂ;«-"'--*-‘-‘----.
_ ' Fart 9 - 1972- Miacellamoua Sit-a.» el
Type of measumment: 3—sectian slope-area. o '_ B _ |
‘ mcation of Bite. ) Iﬁt 33.31'32" IDnE 1.11.58'1}3‘, 111 SE““SEA" 83@07; T. 3Nl‘




cudia- City Wesh hear Phaenix, Ariz. _

Section Igft bank | : Main channel "~ Right bank
1 e Twn v ol
2 0.080 . - 0% .080

'mere wag no evidence oi' :rm in the rea.ch, tham ey have been some
BYTSRH S0%E JNg0 veves of seed belov section 3 indicate con-

The hiah-watermrka ransed from poor to aood debris and mutl lines, beling
generally good on the left bank and fair on the right bank. Scme merks on
right bank were apparvently affected by local rainfall or tributary inflow in
the reach. The quality of inflow possible in esch of the small tributaries
entering from the right within the reach should not be enough to cause dif-
ferences in discharge in the downstreeam direction (probably less then 4o efs
in each)s, The cross sections were located In the field. sketch of the left

‘bank hish-water marks

Seven stereo picturea of tha mach were taken.
Computationss . Dischs.rge computed on the Wang desk calcula.tor.

Reach  _Dischargs  Pall x_e% 'm of reach
3

23 3,287 2.0 - 20 Contrecting
1-2-3 . 2,998 : 7 3.1‘.0 .. L 7 : oo :
nvl -0.58 Wy m0R IF, = 0.67
| " T, W. Anderson
July 12, 1972

Review: The plan should be plotted so that. flow goes up the page and the

mein cha.nnel should have been loca:bed.
Sec'tions are loca.ted. satiafactorj.ly.

N The "n" velues appea.r low for tha main chennel and high for the overflow
- ared at section 1., I recomputed the measurement using values of 0.040 to
0.0k5 for the main channel. and 0,060 to 0.080 for the overflow sections.
These values were concurred with by other engineers. IR the fleld party
disagmes I would lilne tham to contach me.,

The recompu.ted rasult to the nea.reat ten c:ra is 3,000 cfs. Use 3,000‘ cfs
and ra.te the meaaumment :l'a.tr. - :

B- N- Aldridge
- Nov. 3-7: 1972

I i.ns;pacted this reach on Je.n. 17, 1573 ami was able to locate only one
steke. I had concluded that this was probebly the right end of section 1




' cud.ia city Hash near Phoen:l.x, Ariz.

but after returning to tha ofﬁca a.ml studying pictums » I found thet it
wes apparently the right end of section 2 or 3. If a complete field sketch
ineluding the hill and sccess road had been arawn by the field GIev, the
confu.aion would have been avaidedq SRR ,

A1l possibls land marks shauld 'ba shwn on ﬁeld sketch and on the Plan-
view 8o that scmeone not familisr with the reach gen relocate the sections.
Ve may want to use themaahegain 15 orﬂOyea.ra i’mmnow.

The wain echannel should a.lwwa be lacated on the plan. If thﬁre is over-
flow the channel should be locsted with a transit survey. If no survey of
the main channel was made the loecation of the channel can be obtained fram
the cross section and plotted ba.ck on the ;plan :

Fron gy fleld i.nspectmn b3 helieva thaft 1 nay have raised n for section 3
t00 much. A velue of 0.035 would be better but the decrease’ in n would be
offset by increase in alpha end the net aﬁec’o would probably be negligible.

Use 3,000 ¢f5 and rate the maaaumnt faiv.

~ Bs N. Aldridge
- ¥lood Specialist
~ . Tucsan Distriet, WRD
~ Jaa. 26, 1973 |
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EXECUTIVE SUMMARY
for

Cudia City Wash
Drainage Study
June 12, 1987

Prepared by:

Skibitzke Engineers & Associates
A Subsidiary of SEA, Inc.

On May 27, 1987, SEA, Inc. was commissioned by the City of Phoenix and
the Citizens Against Reach Four to prepare an independent analysis to deter-
mine the peak flow from a 100 year 24 hour precipitation event occurring
on the Cudia City Wash. The probable peak flow for the 100 year 24 hour
precipitation of 3.80 inches over the Cudia City Wash drainage area is
6800 cfs. The peak flow from the 100 year 24 hour storm could range from
5700 cfs to 7800 cfs depending upon soil infiltration rates on the watershed.

These results were obtained using the following information:

° The kinematic wave routing technique of the U.S. Army Corps.

of Engineers HEC-1 computer program was the basis of the water-
shed model. '

Topographic data, watershed areas, land slopes and channel

lengths were obtained from the Paradise Valley and Sunnyslope
mcg&mg‘mm 7.5 minute U.S.G.S. Quadrangle sheets.
18 ©7 ° The watershed area, 4.92 square miles, was divided into 9
\“ Ui subwatersheds. These were further subdivided into 57 areas
T ) having similar land slopes and soil types.
0
Pm 1:;2’: ° The 100 year 6 hour rainfall 4s 3.15 inches. The 100 year
' :::th - . 24 hour rainfall is 3.80 inches.
z“::_ ' f. : ° Soils data were obtained from the U.S. Soil Conservation Service.
REMARKS




EXECUTIVE SUMMARY
Page 2

° Channel roughness and widths were obtained during three visits
to the watershed.

Calibration for the watershed model was provided by U,S.G.S.
data for a Jdune 22, 1972 rainfall runoff event at Cudia City
Wash. The runoff, approximately 3000 cfs from the eastern part
of the watershed (2.16 square miles), was caused by a precipition
of approximately 3.1 dinches.




