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Cave Creek / Care Free Filood Insurance Study - Hydrology

Preferred Hydrologic Methods for the Cave Creek/ Carefree hydrology:

Rainfall : 100 year, 24 hour storm.
SCs type IT distributiom.

Areal Reduction : NOAA HYDRO-40 (FCD will provide a copy of the
' report).
Loss Rate : Green and Ampt as described in the Hydrology

Manual (Tables of parameters to be provided) if
the version of HEC-1 dated Dec. 5, 1988 is
used,

or Initial and uniform loss rate (tables of

parameters to be provided).

Unit Hydrograph 5CS dimensionless.

-

Channel Routing : - Normal depth routing where good channel data is
‘available. :

Muskirgum for all other routing.

HEC-1 Versioﬁ: . 1988 version preferred, otherwise 1881 version
.7 with 1985 modifications.

Submittals for review by the Watershed Management Branch of the Hydrolo
: DlVlSLGa will include the following upon comp;et10n°

i. Preliminary plans dnd maps (SEparate maps for seil
classifications, sub-basin boundaries including the routlng
reaches).

2. Sample calculations to determine basin parametérs for approval
prior to the parameter determination for all the subbasins.

3. All calculations to determine basin parameters.



T

4, HEC-1 model along with the parameters used to prepare the HEC-1
coding. A running model on floppy disk and a schematic drawing
of the basins shall accompany the HEC-1 model. ‘The following
symbols shall be used to prepare the schematic drawing along
with the terminology to be used in the model:

>,

LEGEND

O Subarea calculation (SUB).
O Combined hydrograph (CO)
D Route hydrograph (R, or RO)

v Divert hydrograph (D, or DIV)
S. Preliminary and final report and product.

Note: The FCD requests prior notice to when the products will be
submitted for review to allow scheduling by reviewer. All efforts will
be made to return comments within one week after submittal.
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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
periods of 2, 5, 10, 25, 50 and 100 years. Tabulate these values
in Table 1in the column headed 'Map Values® '

TABLE 1
Cevreop or vamesHen
Return Period Precipitation Values (inches)
(Years) 6 hour duration 24 hour duration
Map Corrected Map Corrected
Value | Value Value | Value
2 /& » 2-2
5 | z2d 2.0
- 10 | 245 o 3y
25 - 2.85 A SR SV
50 3.2 . ' 4.5
100 3.6 o 5.0

NOTE: Thereisa 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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ADDENDUM to "HYDROLOGIC DESIGN FOR
HIGHWAY DRAINAGE IN ARIZONA" April 1975

o A,

l {

| _ Steps to be used to determine precipitation values for various dura-
'T. : tions and return periods.
l’“- 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

periods of 2, 5, 10, 25, 50 and 100 years. Tabulate these values
in Table 1in the column headed 'Map Values'

lereory  oF SToDN ARzA

Return Period Precipitation Values (inches)
(Years)

' | TABLE 1

6 hour duration 24 hour duration

5 Map Corrected Map Corrected
v : Value Value Value | Value

2 /-5 /T
5 1 zo 2.7
10 - j 23 . | 3z
25 - -] 2.8 | z8

|
1
i
l 50 - B A2 4.3
i
J
i
1

w | 3s ] 4.8

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
Return Period" Fig. 1.

diagram "Precipitation Depth versus
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RN (V-3 '89 8:27  FROM FLOOD CONTROL - PAGE . 208

o SCS TYPE T DISTRIBUTION

2-HOUR DISTRIBUTION

Time Inc.(Hr) Cumulative popt

0.00 0.000
0.25 0.039
0.50 0.087
0.75 : 0.280
1.00 0.791
125 0.872
1.50 _ 0.924
1.75 0.967
2.00 1.000

6-HOUR DISTRIBUTION

. Time Inc(Hr) ' Cumulative pot

o0 - . 0.004¢

0.25 : . : 6.011

058 .- g : 8.022

075 o . - 0035

.00 © o I 0.048

125 . - : o 0.062 -

1,50 “ 0 cwee T 0079 -

175 o 0.100 -
200 0.125

2.25 0.155 .-

2.50 0.192 .

2.75 . 0339

300 T oo ome

325 0 T R ¢ A

3.5 0 o L 0.830 .

400 Lo e 0.887 .

425 i Lo T en o 0908

450 - .o o oo 0826

475 - - . S o 0.942 -

825 - Ll 0.963 |

550 - UL e 0980

5.75 ) , 0.990

6.00 ' 1.000

. - Lo ER NES ool ot LT ) v




TR & se s weat T FRUT UL o i oo o e R . Qo
I 24-HOUR DISTRIBUTION
: Timz Inc.(Er) Cumtiativ Tima Inc {Hr Cumulativs
. < .
l 0.00 0.000 12.00 0.663) + € 7@
0.25 0.002 12,23 0.707 .o #7
> 0.50 0.005 12,50 0.735 :
_' l 0.75 0.008 12,75 0.758
_ 1.00 0.011 13.00 0.776
, 1.25 0.014 . 13.25 0.791
‘ I 1.50 0.017 13.50 0.304
A 1.75 0.020 13.75 0.815
2.00 0.023 14.00 . 0825
I 2.25 0.026 14.25 q.832
2.50 0.029 14.50 6.842
: 2.75 0.032° 14,75 8848
m 3.00 0.035 15.00 2,856
I 3.25 0.033 15.25 0.363
3.50 0.041 15.50 0.869
3.75 ' 0.044 ' 15.75 0.875
l o 4.00 0.048 1500 0.861
N 4,25 0.052 16.25 : 0.887
i 450 : 0.056 16.50 0.893
I 4,75 0.060 16.75 0.89% _
' S 500 . 0.064 _ 17.00 , 0.903
A 5.25 0.068 - 17.25 0.908
. 550 0072 . 17.50 0.913
l | 575 0.076 17.75 . 0.918
. 6.00 0.08¢ 18.00 0.922
U 6.25 0.085 18.25 0.926
> _ 6.50 0.090. 1850 0.930 .
l e 675 ... 0.095 - 1875 . 0.934
T 700 - .. 0108 .. 19.00 0.938
e 725 . 0.105 1925 0.942 . 482
l 7.50 . 1550 S 1950 0.946 45,
775 L0 . 0115 - .. 1975 - 0950
S 3.00 0120 20.00 - 0.953 45z
l o 8.25 ' G126~ - - 20287 ¢ 0.956 )
S DR 8.50 033 - . 2050 - 0.959
S 8.75 ‘ 0140 . 075" 0.962
" . 9.00 - 0.147 L 2100 _ 0.963
l e 925 0.155 2128 - 0.968
T 9.50 . 0163 - . - 2150 0 0.971 -
SRRV 9.75 = 0172 2175 0.974
l o 10,60 018t 200 0977 -
3B 10.20 0191 L. 2225 7. 0.980
ST 10.50 0,203 2250 . 0.983
10.75 0.218~~ ' 2275 - 0,986
I 11.00 : 0.236— 23.00 0.989
. 1125 0257 3§ - 23.23 0.992
11.50 0.283 % (o4 23.50 0.995
l : 1175 0.387 /' 23.75 0.998
! 24.00 1.000
| ! From SC& TR.Z0




L]

DISCREET AREAL REDUCTION VALUES
FROM NOaAA CUENES

Sguzzre Mile Ratio
10 .95
20 .92
30 : .80
&0 .88
50 .88
60 .87
70 .86
80 .86
20 .85

160 .85

-~
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TC
A Program to Estimate Time of Concentration

William S. Gonwa, P.E.
CH2M HILL
P.O. BOX 2090
Milwaukee, WI 53208

INTRODUCTION

Hydrologic flood flow design and analysis methods generally
require the estimation of a time parameter. The time parameter
most used is the time of concentration, Tc. The time of
concentration is the time it takes for flow to reach the basin
outlet from the hydraulically most remote point in the watershed
(Barfield, et.al). The accuracy of estimating the peak discharge
is subject to the accuracy of the estimated time parameter.
Bondelid, et al. showed that as much as 75% of the total error in
an estimate of the peak discharge can result from errors in the
time of concentration estimate.

The program, TC, was written to facilitate a more accurate
estimate of the time of concentration. By computerizing the
hydraulic computations, the hydrologist can incorporate more
accurate, more realistic assumptions into a time of concentratlon
estlmate.

METHODS OF ESTIMATING TIME OF CONCENTRATION

Over the years, hydrologists have developed numerous methods for
estimating time of concentration. McCuen et al. identified and
evaluated 13 different methods for estimating time of
concentration. These methods can be classified as emplrlcal or
velocity based.

Empirical methods are usually based upon limited data. For
example, the popular Kirpich equation is based upon data from
seven steeply sloped agricultural watersheds extending in size
from 1.25 acres to 112 acres. Therefore, the designer must use-
caution either for watersheds having characteristics different
from those of the watershed used to calibrate the method of for

‘other geographic regions.

Velocity based methods are based upon either the kinematic wave
formula or Manning’s equation to estimate overland, channel or

- pipe velocity. For example, the Soil Conservation Service ' -

Bulletin TR-55 suggests using a combination of a simplified
kinematic wave formula for sheet flow, an empirical method for
shallow concentrated flow and Manning’s equation for channel
flow., Velocity methods require the hydrologist to choose a-
rainfall intensity. TR-55 utilizes the 2-year rainfall intensity
and assumes bank full channel conditions.’

1




£

LM
rd

CHARNEL-

' CéLLEL‘T“C) R

FET ... L

L BASIN. SCHEMATIC o o

SH

Alu

._L)_ g_.E_, _ﬁ—-e —— BY_._..

MAIN
CUANNEL

OVE R LAND

e FC

WATERSHED DIVIDES

Er3Y SUBJECT __




McCuen et. al. conclude that a velocity based method is most
likely to provide an accurate and unbiased estimate of time of
concentration. :

ESTIMATION METHOD USED IN PROGRAM TC

The time of concentration estimation program, TC, is a velocity
based method. Two types of flow regimes are used, overland flow
and channel flow. It is generally accepted that overland (sheet)
flow should only be considered for at most 300 feet (500 feet for
urban) of the most upland areas to a maximum depth of 0.1 foot.
Two types of channels are defined, main and collector.

Collector channels collect water from the overland flow elements.
Main channels collect water from the collector channels

(Figure 1).

The user specifies a separate Manning’s roughness coefficient,
flow length, and slope for a typical sheet flow element,
collector and main channel. In addition, the user specifies a
side slope and channel bottom width for a typical collector and
main channel. The user must also specify total basin area,

the flow rate entering the basin from upstream and excess

- rainfall rate. This last parameter is dependent upon the time of

concentration, which in turn is dependent upon the excess
rainfall rate. TC allows the hydrologist to interactively adjust
the excess rainfall rate until it matches the tlme of
concentration.

The flow rate used to compute flow velocity varies along the flow
length but not in time (unsteady, uniform). Flow rates vary :
linearly according to Table 1. The kinematic equation itself is
based upon the flow variation listed in Table 1. The Manning -
equation requires an iterative solution to compute velocity for a
specified flow rate. The iterative solution is done for ten

| points along both the main and collector channel. The time of

concentration is calculated by dividing the channel length by the-'
average velocity. ‘

WAVE CELERITY AND AVERAGE FLOW VELOCITY

Time of concentration estimates may be based upon wave celerity

or average flow velocity. The wave celerity is the speed at
" which a flood wave would travel along the water surface. The

average flow velocity is the mean velocity of flow. The user
must determine whether to base the time of concentration estimate
on wave celerity or flow velocity. TC calculates time of _
concentration based on both methods. The user is referred to any
standard textboock on open channel hydraullcs for further
information on wave celerity.

BENEFITS OF USING PROGRAM TC TO ESTIMATE TIME OF CONCENTRATION

There are numerous benefits to using TC to estimate time of

concentration over other, more approximate methods:
2
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Collector
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Main
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Table 1

Flow Rate Variation T

Location Formula

Upstream Q = 0 (cfs)

Downstream Q = Lo * Te (cfs/ft)

Upstream Q = 0 (cfs) |
Downstream Q=2 % ILc * Lo * Te (cfs)
Upstream Q = Qu (cfs)

Downstream Q =A% Je + Qu (cfs)

Units Definition

acres Basin area'.
Ciph- Excess rainfall intensity

feet Typical ovérland flow length

feet ' Typical'collector_chaﬁnel'flbw length
cfs; - Flow rate ' | |

6fs . flow rate éntering-baéin frbm upstream’



. : : *

o The velocity method used in TC is widely recognized as
being the most accurate method for estimating time of
concentration. The procedures used in TC are not
specific to any topography or geographical region.

o] The sensitivity of the time of concentration estimate
to variations in each hydraulic parameter may be
examined. Most lumped parameters do not allow for such

. an examination. For example, in the TR-~55 method, the
user cannot vary the roughness coefficient for shallow,
concentrated flow.

o] The time of concentration estimate is related to excess
rainfall rates. This is important because flow
velocity increases with flow discharge. TC will
predict shorter time of concentrations where more
intense rainfall rates are experienced. Also, the time
of concentration estimate can be tailored to the design
event (2-year, 10-year, 1l00-year, etc.).

o TC explicitly manages increasing flow rates from
upstream to downstream. Other methods only
approximately manage increasing flow rates (by assuming
pipe or bank full conditions).

o All input data and a computation summary are listed on
a single sheet of computer printout per basin. Flow
depth, velocity and flow rates at each element outlet
allows the hydrologist to check the reality of the
assumed flow conditions.

HOW TO RUN PROGRAM TC

TC may be run interactively or in batch mode. When running

interactively, no data files need to be prepared before hand.

" However, if there are numerous basins to analyze, the user may

. wish to prepare a data file in advance of executing TC. Figure 2
.shows a flow chart of program TC execution. After each basin is
“analyzed, program TC writes a one page summary of input data and

computations to an output file. This output file can be printed
and stored with permanent project records. o

'Té'execute TC in batch mode, the user must first prepare a
" frée~format data file. Figures 3 shows a LOTUS worksheet with

contains the required input data. Figure 4 shows the required
format for program TC. The first line contains the number of
basins to analyze. Subsequent lines contain the hydraulic data

for each basin basin. The data in Figure 4 is in the same order

as in Figure 3, except the first column is omitted.

Sample outputs for the first two basins are shown in Figures 5
and 6.
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Figure 3

Lotus Worksheet for Sampte Basins

SUBJECT: MARICOPA CO .
CAVE CREEK/CAREFREE FIS .
BASIN CONCENTRATION DATA

8Y: WILLIE GONWA/GLO

DATE: SEPTEMBER 27, 1989

PROJECT: LAQ27815.H1

FILE: TC. WK1

j-————— GVERLAND 11 COLLECTOR I 1 MAIN '

GROUND  MANNING'S  FLOW SIDE BOTTOM  CHANNEL  MANNING'S CHAMMEL SIDE BOTTOM  CHANMEL  MANNING'S CHANNEL  BASIN  UPSTREAM
BASIN SLOPE n LENGTH  SLOPE WIDTH SLOPE n LENGTH  SLOPE WIDTH SLOPE n LENGTH AREA FLOW  BASIN

(FT/FT) . (FEET) - (FT/FT) (FEET) (FT/FD) (FEET) (FT/FT) (FEET)  (FT/FT) (FEET)  (AC-FT) (CFS)
Al 0.25 0.4 . 1000 1 40 0.052 0.085 4500 1 100 0.023 0.050 28000 10081 0 Al
A2 0.27 0.1 1100 1 40 0.051 0.050 29300 1 75 0.021 0.040 19500 6842 0 A2
A3 0.19 0.1 1050° 1 40 0.042 0.045 8000 i 100 0.030 0.040 15000 3040 0 A3
Ad 0.24 0.1 1600 i 40 0.050 0.065 . 11400 i 150 0.022 0.040 21000 &700 34000 A4
A5 0.27 2.1 500 1 25 0.167. $.065 3500 1 75 0.044 0.450 19800 2195 0 AS
AS 0.38 0.1 1500 1 40 0.092 0.050 4000 1 100 0.053 0.040 18100 2240 0 A
A7 0.26 0.1 1500 1 50 0.224 0.065 3900 1 150 0.015 G.040 27500 T437 33000 A7
E1 0.24 0.1 1500 1 25 0,083 0.065 . 1500 1 250 0.01% 8.040 2800 327 34000 EI1
B3 © D.33 o1 900 1 25 6.111 0.065 2700 1 75 0.041 0.050 7100 851 0 B3
B2 0.39 0.1 1100 1 25 0.07% 0.045 3600 1 75 0.000 0.040 o 198 e B2
B4 0.28 0.1 . 950 1 25 0.159 0.045 2300 1 75 0.040 0.050 3700 358 3600 B4
B1 0.23 0.1 800 i 25 0.102 0.045 4500 1 100 0.042 - 0.045 20700 3910 6 81
B5 G.30 0.1 550 1 25 0.083 D.065 5200 1 100 . 0.021 0.050 1400 314 13000 BS
B6 0.28 0.4 1060 . 1 60 0.083 0.065 12000 1 75 0.000 0.040 ] 525 0 B6
e7 0.28 0.1 650 1 25 0.153 0.055 4500 1 100 0.018 6.040 4200 282 14000 B7

L E2 0.2r 0.1 o 500 . 1 25 0.076 0.065 9000 1 75 0.000 0.040 0 . 320 8 E2

E3 0.27 0.1 1350 1 25 0.169 0.085 6900 1 75 0.041 £.040 7700 269 0 E3
E4 0.12 0.1 700 1 25 0.076 0.065 1700 1 250 -+ 0.007 0.040 3000 1312 34000 E4
3] 0.18 0.1 170 1 25 0.000 0.065 i} 1 250 0.018 0.040 8300 122 34000 ES
E6A 0.48 0.1 1690 1 40 0.089 . 0.045 7500 1 ¢ 0.000 0.045 0 640 & E6A
Eé 0.14 0.1 1200 . 1 40 - 0.000 8.065 - 0 1 300 0.018 0.045 1550 122 35000 E&
E7 0.21 0.1 3100 1 40 0.000 G.065 0 1 300 0.038 0.045 1400 237 35000 E7
Eg 0.29 0.1 1700 1 40 . D.pa2 6.045 4200 1 e 0.000 0.045 o 230 ¢ E8
E10 0.10 0.1 1400 1 40 0,021 G.0&5 11700 1 0 0.000 0.043 0 1382 e E10
E9 0.07 0.1 . 2200 1 40 6.000 0.085 0 i 300 0.008 0.045 3000 269 34000 - EY
ENt 0.23 0.1 1450 1 4D -0.000 0.085 0 1 300 ¢.609 G.045 6000 301 34000° EN
E12 0.04 0.1 1200 1 40 ' 0.037 . -0.045 5000 1 0  0.000 0.045 0 275 0. g2
Ei3 0.12 g.1 - 206 - 1 Q 0.000  0.065 0 ] ) £.000 0.000 o 25 35000 E13
El4 0.53 0.1’ 900 - 1 4 0,100 0,085 2060 1 80 0.094 0.050 800 551 0 El4




" Figure 4 : ‘ :

Sample Batch Data File for Program TC

29 S
a.25 g 1000 1 40 0.052 0.065 4500 1 100 0.023 0.050 23000 10081 0 Ay
0.27 0.1 1100 1 40 0.051 0.050 9800 1 75 0.621  0.040 19500 6842 0 A2
0.19 0.1 1050 1 40 0.042 D.065 8000 1 100 0.030 ©.040 15000 3040 0 A3
e.24 (L9 15800 1 40 0.050 G.0&5 11400 1 150 | 0.022- 0.040 21000 4700 34000 A4
0.27 .1 500 1 25 0.167 0.0&5 3500 1 75 0.044 0.050 19800 2195 0 AS
0.38 0.1 1500 1 40 0.092 0.050 4000 1 100 0.053 0.040 18100 2240 0 AS
0.26 0.1 1500 1 50 0.224 0.055 3200 1 150 8.015 0.040 27600 7437 33008 A7
0.24 0.1 1500 1 25 0.083 0.045 1600 1 250 0.012 0.040 2800 327 34600 E1
0.33 0.1 00 1 25 8.111  D0.0s85 2700 1 75 0.06%  G.050 7100 851 0 B3
0.3%9 0.1 1100 1 25 D.079 0.045 3500 1 75 0.000 0.040 0 198 0 B2
D.28 0.1 250 1 25 0.159 0.065 2300 1 75 0.040 0.050 3700 358 3500 B4
0.23 0.1 800 1 25 0.102 0.065 4900 1 100 0.042 0.045 20700 3210 . o Bl
0.30 0.1 550 1 25 0.083 D.0&S 5200 1 100 0.021  0.050 1600 314 13000 BS
0.28 g.1 1000 1 40 0.083 0.065 12000 T 75 0.000 0.040 o 525 0 B&
0.28 0.1 &50 1 25 D.113  0.065 . 4500 T 160 0.018 0.040 4200 282 14000 B7
0.27 0.1 500 1 25 0.076 0.045 2000 1 75 - 0.000 0.04i0 0 120 0 E2
0.27 D.1 1350 1 25 0.169 0.0&5 &200 1 75 0.041  0.040 7700 269 -0 E3
0.12 0.1 700 i 25 0.076 0.045 1700 t 250 0.007  0.040 3000 1312 34000 E4
0.18 g.1 170 1 25 0.000 0.085 0 ] 250 0.018 D.040 8300 122 34000 ES
0.48 0.1 1600 1 40 0.08% 0.045 7500 ] 1] 0.000 0.045 G 640 8 Eé&A
0.14 0.1 1200 1 40 0.000 0.045 ¢ 1 300 0.018  0.045 1550 122 34000 ES
0.21 0.1 3100 1 40 0.000 0.085 c 1 300 0.035 0.045 1400 237 34000 E7
0.29 0.1 1700 1 40 6.042 0.055 4200 1 0 0.000 0.045 0 230 0 EB
0.10 0.1 1400 1 40 0.621  0.065 11700 1 0 0.000 0.045 0 1382 0 EI0
0.07 0.1 2200 1 C 40 0.000 0.085 0 1 300 0.008 0.045 3000 259 34000 E9
0.23 .1 1450 1 40 0.000 0.0&5. 0 1 300 0.009 0.045 &0006 301 34000 EMNM
0.04 0.1 1200 1 40 0,037 0.065 5000 1 0 . 0.000 0.045 1] 275 g E12
0.12 0.1 200 1 6 0,000 0,085 0 1 0 ¢.000 - 0.000 [+] 26 35000 E13
0.53 G 00 i 40 "0.100 0.065 2000 . ¥ 80 0.094 0.050 8800 551 ¢ El4




Figuré 5
Sample Output for Basin Al

#+* PROGRAM TO CALCULATE TIME CF CONCENTRATION ##
took WRITTEN BY WILLIE GONWA, CHZM-HILL/GLO  ##*

ok REVISION OCTOBER 4, 1989 ok
dekkdriciersr FOR BASIN 2 Aly
etk

k& DATA FOR OVERLAND FLOW ELEMENT ex

SLOPE S (FEET/FCOT) :  0.25000
ROUGHNESS COEFFICIENT N @ 0.10000
FLOW LENGTH (FEET) : 1060

*+x JATA FOR COLLECTOR CHANNEL

SIDESLOPE Z (FEET/FOOT} :  1.00000
BOTTOM WIDTH W (FEET) : 40.0
SLOPE S (FEET/FOOT) :  0.05200
ROUGHNESS COEFFICIENT N :  0.06500
FLOW LENGTH (FEET) : 4500

sk DATA FOR MAIN CHANNEL v+ 7
SIDESLOPE 2 (FEET/FOOT) :*  1,00000
BOTTOM WIDTH W (FEET) : 100.0
SLOPE S (FEET/FOOT) :  0.02300
ROUGHNESS COEFFICIENT N :  0.05000
FLOW LENGTH (FEET) : 28000

woiok END OF FLOW ELEMENTS DATA #4r

TOTAL BASIN AREA (ACRES) :  10081.00

. FLOW FROM UPSTREAM BASIN (CFS)

EXCESS RAINFALL RATE FOR ESTIMATED BASIN T (INCHES/HOWR) ¢ 6.00
OVERLAND FLOW  COLLECTOR  * MAIN TOTAL
ELEMENT ~  CHANNEL . CHANNEL .  BASIN
Tc (sec) BASED ON CH 660 09 - 91 . 2030
Te (hours) BASED ON CW 0.18 0.11 027 0.56
Te (sec) BASED ON V. 1100 649 1446 3195
" Tc (hours) BASED ON V 0.31. 0.8 . 0.40  0.89
V (fps) AT QUTLET 151 9.91  27.09 S
CW (fps) AT QUTLET 2.52 15.45 39.71
Y.(feet) AT QUTLET 0.09 2.94 18.95
Q (cfs) AT OUTLET 0.1389 1250 60950



Figure 6
Sample Output for Basin A2

wir PROGRAM TO CALCULATE TIME OF CONCENTRATION s*
wor WRITTEN BY WILLIE GONWA, CHZM-HILL/GLO  wx

sk REVISION OCTOBZR 4, 1989 Hhek
iAok
wkhrieeid FOR BASIN @ A2
Hdcdcicok ok

sk DATA FOR OVERLAND FLOW ELEMENT Ao

SLOPE § gFEET/FOOT) s 0.27000
ROUGHNESS COEFFICIENT N : 0.10000

" FLOW LENGTH (FEET) : . 1100

ok DATA FOR COLLECTOR CHANNEL v

SIDESLOPE Z (FEET/FOOT) :  1.000C0
BOTTOM WIDTH W (FEET) : 40.0
SLOPE S gFEET/FOOT) :  0.05100
ROUGHNESS COEFFICIENT N @ 0.05000
FLOW LENGTH (FEET} : 00

#ek JATA FOR MAIN CHANNEL ++*
SIDESLOPE Z (FEET/FOQT) : 1.00000
BOTTOM WIDTH W (FEET) :. 75.0
SLOPE S (FEET/FOOT) : 0.02100
ROUGHNESS COEFFICIENT N @ 0.04000
FLOW LENGTH (FEET) : 19500

+x+ END OF FLOW ELEMENTS DATA #k

TOTAL BASIN AREA (ACRES) :  6844.00

FLOW FROM UPSTREAM BASIN (CFS) : 0 - '
EXCESS RAINFALL RATE FOR ESTIMATED BASIN Tc (INCHES/HOUR) : 2.10
oeueo e D
Tc (sec) BASED ON CH 10 - 804 g2 2%
* Tc (hours) BASED ON CH 029 022 025 - 076
Tc (sec) BASED ON V v 187 1369 4389
Te (hours) BASED ON V 0.48 0.36 038 - 1.2
V (fps) AT QUILET 106 10.92 20.18 |
O (Fps) AT OUTLET L6 1725 30.65
Y (feet) AT QUTLET - 0.05 227 8.8
Q (cfs) AT OUTLET -~ 0.0535 1048 14488




DATA SOURCES

The typical flow length, slope, channel width and side slope can
be obtained by a trained hydrologist from site wvisits and
topographic mapping. Rainfall depth-duration-frequency curves
are published for many areas of the country. The user should
investigate local sources (such as the state Department of
Transportation or Geological Survey) for such curves.
Infiltration rates depend on the soils. U.S. Soil Conservation
Service soil surveys are good sources for typical infiltration
rates for local soils.

The reader is referred to Barfield et. al., SCS TR~-55, and
Novotny and Chesters for tabulations of overland flow roughness
coefficients. In addition to these publiations, the reader is
referred to Chow, and Barnes for estimates of channel roughness

coefficients.
FOR MORE INFORMATION

For more:information about program TC please contact the
program’s author, Willie Gonwa, at 414-272-2426 or at the address
listed above. :
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SUBJECT: ALLOWAKLE NSTEFS FOR GIVEM MUSKINGUM K COEFFICIENTS

BYr WILLIE GOMWA/GLO

DaTE: SEFTEMRER 27, 1989 )
PROJECT: LAO27815.HL -
FILE: HUSK THGM. WK1

TIME IWTERVAL (mIM): 9

X COEFFICIENT: 0.3

%
S

P Hor e o e oo s e 010 . i e e b ot it e

v b e b o e 4 Gt > b o ek 1 G0

0.71 1.19 1.67
USK LNGUN
K NININUM AVERAGE MAXIMUM
COEFFICIENT NSTEFS  NSTEPS - NSTEFS
0.01 1 0 0 %#% DO NOT ROUTE
0,02 1 0 0 %%% DO NOT ROUTE
0.05 1 1 0 x%% 0 NOT ROUTE
) i
g.é 3 ; ; 0.0k 1= ok
0.3 3 3 5
0.4 3 4 &
0.5 4 5 3
0.6 5 6 10
0.7 6 7 11
0.8 6 8 13
0.9 7 9 15
1.0 a 10 16
1.2 3 12 20
1.4 11 14 23
1.6 12 16 26
1.8 g 13 18 30
2.0 15 20 33
2.5 19 25 42
3.0 22 30 50

MOTE:2 THE MUSKINGUM K EQUALS THE TRAVEL TIME IN HOURS
FOR WATER IM THE MAIM CHAMMEL.

0 a= X <= 0.3

T
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l ; cra et i - e aamnirm e -
LR WS 5
? l s€c 9, L9
. 1l o CHART 5
S 180 10,000 (ay
168 8,000 EXAMPLE
: £ L
] L 158 6,000 D= 36 inches (3.0 feet) — 6. (2)
mm o 5,000 Qv 66 efs R
_ ' (3)
' l. 144 4,000 aw® W A5 6
& - 132 . 3'000 ) T {feat) o . t-_ s, —_re
. - ﬁ m e 38 =3 -
— 120 " 2,000 2 2.1 6.3 - 4 ~ 5.
S I o8 3 3 2.2 6.6 - L -
Il - % -
[ N : %D in feat 00 /‘7 3. i 4.
— q . F [
1 oo W ks f
s ] - ] 800 v 7 i i 3,
et 3 v - i i
_ I 600 /72/ B L
I G ul..
: 4 — " — 2.
o 2 +—f—t
X — x = k1.5 L 3
| l S zl I I
5 - » - 1.5
] 3 z 5 [ [ 1.5
. g 3 S S
g : = C
': E ™ < L -
: & g o o [ L
_ 2 I. = .
- N o - 1.0 -~ $.0
g CLE @ [ s0 zl
: . o / o a. i - 1.0 -
» : o 40 Ll =
oy [+ o5 — .9 N
N wlo7e 30 HW gcn p  ENTRANCE @
B w D TYPE ‘5 I - 9
K o 3 20 n Hecdwall .8 |8 L
R e I— 30 2) Mitared to conform 5
- : - to slope Tz I - — .8
: [+
. — 27 []] Projecting
.’ , F 10 |" T - 7 I~
. N g 8
F - 24 [~ .7
ar—— % 6 n N H
: 5 To use 3cale [2) or (3.3 project . L
: — 21 4 horizontaliy to scole (13, than 8
4 vse straight intlined Fine through — .6
o 3 D and @ scales, or reverss as _—
! itlustrated. )
I — ‘a ‘ r -
‘- 2 !
R I — 15 - L
: 1O L5
’ .
- -2 "HEADWATER DEPTH FOR

C. M. PIPE CULVERTS
WITH INLET CONTROL



l OVERFLOW STAGE TABLE - WILLOW SFR. TRIB.S
SR o= CXLEHTLLT @ = 5L @i
l C =3, 1 = 10@
, . over £ 1 ow
I ITER TRIM. H Q
. 1 2116.00 179. 44
pi 2115.98 170,52
l s F115.96 141.87
4 215,94 153, 54
= 2115.92 145, 45
I & 2115, 90 177, 60
: 7 F115.88 158,83
8 P115.84 122,82
g n11%, 684 115.87
l 18 2115.82 1@%. 16
, 11 115,80 102,55
: 12 2115.78 Fh. 22
: ' 13 2L1E.76 5@, 16
‘ 14 PL15.74 84,31
15 2115.72 7. 65
l 14 2115.70 7E.2L
: 17 ' 2115, 68 . AS. @
18 F115. 66 . a9
: 19 ' 2115, 464 58.37
I wlr; L2115, 62 55,90
5 2 2115, 60 49.4&7
- 2z 2115.58 4%, 458
l 23 C2115,56 41.86
' 24 R2115.54 38,20
25 2115.52 n4. 78
. 26 ' 211%. 50 Ti.41
, 2 2115, 48 iz P
.28 _ 2115, 46 5. 41
: 2 2115, 44 w264
l v, 2115, 42 et I b
; <3 S 2115, 40 - 17.6%
. a2 COR115.38 15, 54
l 3. 2115, 36 12,59
: a4 211%.34 11.78
. a5 2115, 32 1@.11
- b 21150730 8.62
l 7 2115.2 7.2
. =8 215,24 5.95
O 211%5.24 4.79
l 4@ ' 211522 3.7
| 41 2115, 20 297
| a4z 211%5.18 Z.14
_. I A 2115.16 1,47
44 : 21i%.14 LTI
: 4% TL1S5.42 P61
44 F11%.10 .38
II 47 - 2115, 08 .19
, 48 2115, 04 .05
49 2115.04
l 5@ 115,07
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CHART 5
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OVERFLOW STAGE TABLE - OCOTILLD TRIE.4 SEC QL0

Qi = C*L*H“l.ﬁ Qo= I i
I = 1@

over+ 1o

' ITER TRIAL H o

1 2214, B0 111,60

o 2215, 99 1@7, 42

l 3 m2lE, 98 L 1OE. 30

4 R, 97 G, 26

] 221,96 95, 30

ll & 2%, 95 91,47

7 215,94 a7, &%

a B, 9% 87,91

I 9 2215, 92 Bl 2

19 ' 215,91 75,67

11 2215, 90 TE NS

12 2215.89 89,70

l 13 2715,.88 ad ., I

14 2E1E. 87 &7, 04

15 2215, B =5, @5

l 16 m g, B Sa, 70

17 OIS, B4 53,48

18 221, 8% =@, 7

| 19 s, B2 47 .86

l 2 21T, EL A%, @7

21 21T, B 47,55

o 22 S L 19,73

l 2E 2215.78 7.2

24 S v - T A %4, 80

S py 2R, 74 32,48

I 26 IR T 0. Th

B 27 Sy, 74 28,15

2 R21E. 7T 26,14

29 meyE,7E w4, 21

l 30 2215, 71 22,34

31  2215.70 i

) 2215, 49 18,89

I 3F 215, 68 ' 17,28

54 » 2RLE, 47 15, 75

e D15, b _ 14,31

l T8 221, 65 12.97

=7 2215, 64 11,73

a8 L RRLEL AT 13,54

ot BelE, 42 5. 4%

l 46 215,41 8,359

ai 2215, 40 7.4

42 2215,59 &. 50

l 473 5, 50 : 5, &5

44 1%, 57 4,88

4% : 215, 56 4,17

a4 2215, 55 L 5

I 47 221554 2,98

48 B 5T 2,48

49 TR, R 2L uE

l sg - 2R15E. 51 1,47
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. OVERFLOW STABE TABLE ~2.28)
{3800y Flood Freguenc

NON W R E R e
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3
22

e
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e
o
36
b
3

s
39
42
41
42
47
44

34

2209, 64
2209, 62

2209. 68

229.58
2289 .56
220% .54
2299.52
2209.38
=207.48
220% .46
2209, 44
2209.42

229, 40
2209.38
P09, 36

2209.34

2209 .32
2209.30 |
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R2V9. 14

2209.1%

2299.19
2209.08
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i ey e
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DIAMETER OF CULVERT (D) IN INCHES

¢ A A= = & A e e b L iy w s = oa

— 180 - 10,000 _
[ 168 — 8,000 EXAMPLE
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Federal Emergency Management Agency

Washington, D.C. 20472

Case No.: 90~-09-87P

Re: Cave Creek/Carefree
Floodplain Study

Community: Maricopa County,
Arizona

Additional Data Required to Support a Request
for a Flood Insurance Study (FIS)/
Flood Insurance Rate Map (FIRM) Revision

Requestor: Mr. Ron Nevitt Date:  JUN 29 1990

The data described below must be provided before we can process your request
for an FIS/FIRM revision.

1. HYDROLOGY:

In Table 4, Summary of Peak Discharges listed on page 18 of the
report entitled "Final Hydrologic and Hydraulic Report for Cave
Creek/Carefree Flood Delineation Study," prepared by CH2M Hill, dated
March 1990, the discharges for the North Tributary of Galloway Wash
located at concentration point CP63 could not be matched with any
discharges in submitted HEC-1 model, or with the discharges used at
cross section 320 in the gsubmitted HEC-2 model for this stream.
Please provide an explanation for these discrepancies.

B. Willow Springs Wash and Tributaries:

Several of the discharges developed for Willow Springs Wash and its
tributaries and shown in Table 4, as referenced above, could not be
located in the submitted HEC~l models for these streams. The River
Mile (RM) locations where these discrepancies cccur are listed below.

' A. North Tributary of Galloway Wash:
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Stream Location

1. Willow Springs Wash RM 4,95
2. Willow Springs Wash Tributary 1 BM .98

RM

3. Willow Springs Wash Tributary 2 M
4. Willow Springs Wash Tributary ZA RM .52

BM

RM

S Willow Springs Wash Tributary 4 .52
.98

6. Willow Springs Wash Tributary 5 Above confluence with Willow
Springs Wash Tributary 54

Please provide an explanation to account for these discrepancies.

2. HYDRAULICS:

A. Ocotillo Wash and Tributaries:

flooding shown on effective FIRM Panel 0805 for Maricopa County,
Arizona and Incorporated Areas. tccording to the distances taken
from the annotated FIRM received on May 3, 1990, the base flood
elevations {BFEs) for Ocotillo Wash Tributaries 2 and 3 do not match
at their confluences with Ocotillo Wash. The specific discrepancies

are listed below.
Stream . BFE (feet)

Ocotillo Wash Tributary 2 (new detailed) 2,216
Ocotillo Wash (effective at confluence) 2,226
Ocotillo Wash Tributary 3 (new detailed) 2,163.3
Ocotillo Wash (effective at confluence) 2,168

Please submit an explanation for these discrepancies or a revised
HEC-2 hydraulic computer model to resolve these discrepancies.
Please note that new BFEs must tie in with the effective BFEs within

0.5 foot.
B. Ocotillo Wash and Rowe Wash - Split Flow Analysis:

As stated in the report entitled '"Cave Creek/Carefree Flood
Delineation $Study, Appendix A," prepared by CH2M HKill, and dated
March 1990, the HEC-2 split flow option was used to estimate breakout
from the main channel for both Ocotillo Wash and Rowe Wash. The main
channels are shown as areas of detailed flooding with BFEs. However,
the minor channels are shown as unnumbered Zone A. Please submit
these split flow analyses and an explanation of how they were used to
determine the BFEs along the main channels of Ocotillo Wash and Rowe
‘Wash and the unnumbered Zone A along the minor channels.

C. Cottonwood Creek:?

o For many of the streams studied, the slope/area method was used to
determine the starting water-surface elevation (SWSEL); however, for

l The review of contiguous streams revealed tie-in problems with
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Cottonwood Creek, the SWSEL was taken from the 180-year new BFE on
Cave Creek at its confluence with Cottonwood Creek. The common cross
section in both HEC-Z models is 37,800, The BFE on Cave Creek at
this point is 2,287.84 feet and the SWSEL for Cottonwood Creek is
2,287.92 feet. Since the SWSEL for Cottonwood Creek was taken
directly from the Cave Creek profile, it appears that the two creeks
have similar watersheds and colncident peaks. Please provide an
explanation to support this selection of the SWSEL for Cottenwood
Creek.

D. . Ineffective Flow Areas:
Several sections of streams were modeled as ineffective flow areas by
using a Manning's roughness coefficient of 99 or 999 in the HEC-2
models. These areas are listed below by stream and cross section and
the bank (right or left) that was modeled as an area of ineffective
flow is identified.
Stream Cross Section Ineffective Bank
North Tributary of Galloway Wash 600 Right/Left
" Willow Springs Wash 2,780 Left
: 3,230 Right
Willow Springs Wash Tributary 1A 440 Right
Flemming Springs Wash 330 Left
‘ Ocotillo Wash 2,850 Right
2,970 Right
3,090 Right
Ocotillo Wash Tributary 2 150 Right
Rowe Wash 1,830 Left

" Please provide an explanation of why these areas are considered
- ineffective flow areas.

E.

Culverts:

Included in the submitted report entitled "Cave Creek/Carefree Flood
Delineation Study, Appendix A," prepared by CH2M Hill and dated March
1990, were analyses of four culverts. These culverts are located on
Willow Springs Wash Tributary 5, Ocotille Wash Tributary 4, and
Ocotillo Wash .Tributary 3. The analyses assumed inlet control
because of the short culvert lengths, 50 to 110 feet. For the
Ocotille Wash Tributary &4 culvert, when the calculated water-surface
elevation from the HEC-2 model is used at cross section 5380, the
cross section located downstream of the culvert, the culvert Iis
submerged.  Therefore, the culvert is outlet controlled. Although
the other culverts are not submerged and appear to be 1inlet
controlled, there is some concern about the possible high velocities
through these culverts which could result in a hydraulic jump just
downstream of the culverts. Please provide additionmal documentation
on these culverts, including data on any erosion control measures in
place downstream of the culverts, and a new analysis for the Ocotillo
Wash Tributary 4 culvert based on ocutlet control.
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3. MAPPING:

A. Ocotillo Wash and Tributaries 2, 3, and 4/Willow Springs Wash
Tributary 5:

Delineations for Ocotillo Wash Tributaries 2, 3, and 4 must be shown
on the topographic workmap entitled "Cave Creek/Carefree Flood
Insurance Study," scale 1:2,400, contour interval 4 feet, prepared by
CHZM Hill, Inc., dated March 1990, to tie in with the effective
Ocotillo Wash boundaries. Likewise, the delineations for Willow
Springs Wash Tributary Wash 5 must be shown on the topographic
workmap to tie in with the effective Cave Creek boundaries. Please
submit revised delineations on the topographic workmaps for these
streams.

B. QOcotillo Wash:

The reach of Ocotillo Wash between cross sections 2.17 and 3.09
splits into two branches. The submitted topographic information,
referenced earlier, shows that, at certain cross sections, the ground
elevations adjacent to the floodplain shown on the workmap are equal
to or less than the BFEs shown on the workmap. The following list
includes the BFEs at which the land between the two branches would be
flooded, based on the submitted topographic information.

Stream BFE (feet)

Ocotillo Wash 2,260
2,310
2,340
2,360
2,380
2,420 .

‘Please submit an explanation of why these areas would not be flooded or
revised delineations on the topographic workmaps.

c. Distances Between Map Cross Sections and the HEC-2 Model

Qur review of the submitted HEC-2 hydraulic computer models and the
submitted topographic workmaps, referenced earlier, revealed that the
distances between some cross sections in the HEC-2 hydraulic computer
model do not match the distances. measured between the same cross
sections on the workmaps. The specific streams and cross sectionsg at
which these differences occur are shown below.

L

Between Distance in Feet
Stream Cross_Sections - HEC-2 Model Map

Cave Creek 36.4 and 36.49 480 400
36.4% and 36.52 160 200
36.96 and 37.01 260 300

37.12 and 37.20 420 3710
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Between ' Digtance in Feet
l Stream Cross Sections HEC-2 Mod=l Map
Cottonwood Creek .91 and .57 320 380
.79 and .87 420 360
I 1.14 and 1.23 480 540
2.07 and 2.12 260 320
2.12 and 2.19 370 . 310
2.30 and 2.40 530 460
2.85 and 2.91 320 360
3.32 and 3.41 480 460
I 4.17 and 4.26 480 600
Cottonwood Creek 44 and .56 630 700
Tributary 1
l Cottonwood Creek .10 and .15 260 300
Tributary 2 ‘
l North Tributary 3.21 and 3.26 260 310
Galloway Wash
I Rowe Wash 3.88 and 3.94 320 280
3.94 and 3.98 210 260
I __ Ocotillo Wash: 2.26 and 2.31 260 220
2.4 and 2.47 370 320
2.97 and 3.09 635 690
l 3.74 and 3.83 480 380
Ocotillo Wash 42 and .48 : 320 380
I Tributary 2
Ocotillo Wash .16 and .24 285 450
l Tributary 3 , .24 and .26 240 100
. .26 and .28 50 80
1.12 and 1.19 370 430
l Willow Springs Wash 1.88 and 1.96 420 370
Tributary 1 2.48 and 2.57 480 410
' 2.89 and 2.98 480 420
I 2.98 and 3.07 430 53
Willow Springs Wash .54 and .66 630 700
l Tributary 2 : , <74 and .82 420 490
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Between Distance in Feet

Stream Cross Sections HEC-2 Model Map

l Willow Springs Wash .11 and .20 480 420

'I'r).butary 5 .41 and .51 530 460

.65 and .69 240 200

l ) .92 and .99 370 450
1.57 aod 1.66 480 420 .

1.92 and 2.04 630 560

":"}’DJ Fioodway Widths:

There were also discrepancies between floodway widths listed in the
I HEC-2 hydraulic computer models and the floodway widths on the
topographic workmap. The specific streams and cross sections at
which these differences occur are shown betow.
l ‘ , Width
Stream Cross Section HEC-2 Model Map
l Cave Creek 35.59 435 410
37.47 323 300
I 38.79 204 190-tf-
Cot_tonwood_ Creek 1.40 113 100~
I Cottonwood Creek , .18 44 60~k
Tributary 1 .56 67 90
Cottonwood Creek .15 30 60
Tributary 2 .22 . 20 40 =°
Grapevine Wash .11 317 300 V?
. .29 261 300
.57 216 250
I North Tributary 2.14 255 2640 ™
Galloway Wash 2.26 295 250
2,46 i3 310
Rowe Wash 2.25 309 280
I 2.51 348 3307(&
Ocotillo Wash 2.47 ' 141 110 3!
2.917 339 310 29
l 3.09 203 140
3.17 114 80
Ocotillo Wash .02 105 40 Y
Tributary 1A .69 46 30
Ocotillo Wash .23 26 10 1+
I Tributary 2 W31 34 20
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' Width
77 Stream

Cross Section HEC~2 Model Map
Ocotillo Wash | .16 54 30
Tributary 3 .24 55 40°1%
.57 33 20 1%
1.19 47 30 1
_ 1.3 52 30
Willow Springs Wash 2.36 96 80
Willow Springs Wash .98 57 40 11
Tributary 1 1.38 75 60 1%
1.45 104 70
1.65 44 30 14
Willow Springs Wash .10 49 30 4
Tributary 2A

Please revise the HEC-2 models, the workmaps, or both, to resolve the
discrepancies outlined in Items 3(C) and (D) shown above.

4, ELEVATION REFERENCE MARKS:

The following elevation reference marks are not shown on the
workmaps: 1, 3, 5, 7, 8, 13, and 14. Please provide these reference
marks on the workmaps or an explanation as to why they are not shown.
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Ms. Jan Farmer

Hydrology

Flood Control District of Maricopa County
3335 W. Durango Street

Phoenix, AZ 85009

Dear Jan:

Subject: Cave Creek/Carefree Hydrology
FCD Contract No. 88-33
ADWR Comments

The following summarizes CHZM HILL’s action regarding the review comments you
forwarded from ADWR in your letter of July 31, 1990. In addition, attached please
find a draft response letter to FEMA regarding review comments from FEMA’s
technical evaluation contractor, Michael Baker, Jr., Inc., on the Flood Insurance Study
revision for Cave Creek/Carefree.

1. Figure 3 has been revised so that the discharges for Subareas A-4, A-7, E-1,
and E-4 correspond with the HEC-1 output.

2. ADWR noted that hydrologic routings for the following stream reaches were
not included in the HEC-1 model:

Node 1 to Node 2.

Node 2 to Node 3 (Subarea 5).
Node 3 to Node 10.

Node 25 to 26.

Node 26 to 27.

Node 33 to 20.

Node 63 to 71.

Node 50 to 51.

Node 52 to 71b.

T o oo O

For each of these stream reaches, the reach length is so short that the travel
time of the flood wave through the reach would be shorter than the

CHZ2M HILL Phoehix Office, 1620 West Fountainhead Parkway, Suite 550, P.O. Box 28440 602.966.8188
PHXCB.517.9pmMpe, Arizona 85285-8440
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computational time increment used to generate the input hydrograph. Routing
would at best result in pure translation of the hydrograph, and at worst
introduce an additional source of error. Therefore, Muskingum routings were
not performed for these reaches, and pure translation was assumed.

Comment cards were added to the HEC-1 control deck where routings were
not performed in order to clarify this assumption.

3. Subareas Fla, F1b, and F1 were combined in the Cave Creek HEC-1 model
only. These subareas were modeled separately in the tributary watershed
HEC-1 model. Peak discharge values used in hydraulic modeling for streams
within Subareas Fla, F1b, and F1 were determined from the tributary
watershed HEC-1 model.

4, There is no Node 34. Thus, it was not shown on Figure 2.

Please do not hesitate to call me at 966-8188 if you have any further questions
regarding this matter.

Sincerely,
CH2M HILL

TR 2

Steven R, Walker, P.E.
Project Manager

PHXC8.517.51
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Ms, Jan Farmer

Hydrology

Flood Control District of Maricopa County
3335 West Durango Street

Phoenix, Arizona 85009

Dear Ms. Farmer:

Subject: Cave Creek/Carefree Floodplain Study
Maricopa County, Arizona
Case Number: 90-09-87P

In his letter of June 29, 1990, to Mr. Ron Nevitt of the Flood Control District of
Maricopa County, Mr. John Matticks of FEMA requested additional data for the
above-referenced project. Our responses to the comments made in that letter are
outlined below. These responses were discussed with and approved by Ms. Michelle
Monday of Michael Baker, Jr.,, Inc., during a phone conversation on September 21,
1990. Our responses parallel the structure of your letter dated June 29, 1990.

1. HYDROLOGY
A. North Tributary of Galloway Wash

Peak discharges listed in Table 4, "Summary of Peak Discharges," and
used on QT records in the HEC-2 model were revised to conform with
the HEC-1 output. Floodplain delineations were revised accordingly.
Some of the subbasins listed in Table 4 required further subdivision
from those computed in the HEC-1 model. For these concentration
points, peak discharge rates were interpolated by considering peak
discharge rates per unit area. These concentration points are noted
with footnotes in Table 4. A copy of the revised Table 4 is attached.

CH2M Hitl Phoenix Office, 1620 West Fountainhead Parkway, Suite 550, P.C. Box 28440 602.966.8188
PHXCBR.516.5empe. Arizona 85285-8440
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Willow Springs Wash and Tribuiaries

Peak discharges listed in Table 4 were revised to conform with HEC-1
output as described above. QT records in the HEC-2 model and
floodplain delineations were revised accordingly.

2. HYDRAULICS

A.

PHXC8.516.51

Ocotillo Wash and Tributaries

Tie-in lines from the new flood study to the existing floodplain
boundaries will be drawn on the plan sheets. HEC-2 profiles used the
upstream-most cross section of the existing Flood Insurance Study (FIS)
prepared by HTA as the starting water surface elevation (WSE), rather
than the Base Flood Elevation (BFE) shown on the Flood Insurance
Rate Maps (FIRM). We have provided the HTA work maps from the
existing FIS. Because the starting WSE used HTA cross section data,
the distances listed in annotated FIRM differ from HEC-2 channel
distances. Copies of the revised work maps an attached.

Ocotillo Wash and Rowe Wash--Split Flow Analyses

Split flow HEC-2 runs for Ocotillo and Rowe Washes have been
provided for review. Computations for the main channels reflect the
entire peak discharge. HEC-2 split flow analyses of the main channels
were used to determine the peak flow rates in the break out channels
only. Floodplain delineations along the break out channels are based
on WSE determined by separate HEC-2 modeling of the break out
channels. No BFEs for the break out channels were determined per
instructions from the Flood Control District of Maricopa County.

Cottonwood Creek

The starting WSE for Cottonwood Creek was based on the 100-year
BFE at the confluence with Cave Creek as a conservative assumption.
Further analysis indicates that due to the steepness of Cottonwood
Creek, the starting WSE method used does not affect the WSE
upstream of the starting cross section.
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Ineffective Flow Areas

Several sections of streams were modeled as ineffective flow areas by
using a Manning’s roughness coefficient of 99 or 999. The ineffective
flow areas included reaches with rapid channel expansions (greater than
4:1) or contractions (greater than 1:1), or topographic lows in the
overbank area caused by minor tributary confluences. Comment cards
were added to the HEC-2 card deck explaining the reason for
ineffective flow. In two cases, Willow Springs Wash, Section 3230, and
Ocotillo Wash Tributary 2, Section 150, ineffective flow areas were
found to be unjustified and were removed or modified. Computation
sheets for each ineffective flow reach are attached.

Culverts

Rating curves for each of the culverts on Willow Springs Wash
Tributary 5, Ocotillo Wash Tributary 4, and Ocotillo Wash Tributary 3
were revised and are attached. New X5 records based on the rating
curves were inserted in the HEC-2 card deck and the profiles adjusted
accordingly. All of the culverts are submerged by flow over the
roadway or operate under outlet control at the regulatory flow rate.
Therefore, no hydraulic jumps will form. In addition, outlet velocities
do not exceed the range of channel velocities experienced in the
reaches near the culverts. Therefore, no excessive erosion is likely.
Computation sheets are attached.

3. MAPPING

A.

PHXC8.516.51

Ocotillo Wash and Tributaries 2, 3, and 4; Willow Springs Wash
Tributary 5

Floodplain delineations for these streams which tie in with the effective
floodplain boundaries have been added to the plan sheets.

Ocotillo Wash

The reach of Ocotillo Wash between Sections 2.17 and 3.09 experiences
split flow during the regulatory flood. The main channel is mapped
assuming the entire regulatory flood is conveyed. The overflow channel
was mapped using HEC-2 as per instructions from the Flood Control
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October 1, 1990
RDD27815.H2

District of Maricopa County as described above. Where ground
elevations between the overflow channels and the main channel are less
than the BFE, the floodplain delineations have been modified.

C. Distances Between Map Cross Sections and the HEC-2 Model

The distances in the HEC-2 models have been modified to conform
with the map distances.

D. Floodway Widths

Floodway widths have been modified to conform within 5 percent of the
widths listed in the HEC-2 output.

ELEVATION REFERENCE MARKS
Certain elevation reference marks were not shown on the workmaps due to the
limited extent of the workmaps. Where reference marks could not be plotted, a legal

description for the reference mark is provided in the legend of the workmap.

Please do not hesitate to call me at (602)966-8188 if you should have any further
questions regarding this matter. '

Sincerely,
CH2M HILL
gl el

Steven R. Walker, P.E.
Project Manager

PHX(C8.516.51
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Federal Emergency Management Agency
Washington, D.C. 20472
(202) 646-3458

CERTIFIED MAIL IN REPLY REFER TO:

RETURN RECEIPT REQUESTED 65-POST

Mr. Ron Nevitt Date: MAY % 1991

Flood Control District of Case Number: 90-09-87P
Maricopa County Re: Cave Creek/Carefree

3335 West Durango Street Floodplain Study

Phoenix, Arizona 85009 Community: Maricopa County,

Arizona

Dear Mr. Nevitt:

This is in regard to the data submitted in support of your request for a
revision to the Flood Insurance Rate Map and/or Flood Boundary and Floodway
Map for the referenced community. Our previous letter regarding your request
stated that we would inform you in writing if we needed additional data to
complete our evaluation. The enclosed list describes the data we need. A
representative of Michael Baker, Jr., Inc. {(MBJ), our Technical Evaluation
Contractor, will call you to discuss the requested data.

We have suspended processing of your request pending our receipt of the
requested data. After we receive the requested data, we will continue our
evaluation. If we need additional data to complete our evaluation, we will
inform you in writing.

When you write to us about your request, please include the case number
{shown above) in your letter. If you have any questions about the status of
your request, please call MBJ, at (703) 838-0400, and ask for the Revisions
Coordinator for your state.

Sincerely,

U)LQ/QLO‘MQ-.(G&_L___

William R. Locke
Chief, Risk Studies Division
fFederal Insurance Administration

Enclosure

ccs The Honorable Dave Dennison
Mayor, City of Carefree
The Honorable Jacky Davis
Mayor, City of Cave Creek
The Honorable James Bruner
Chairman, Maricopa County Board
of Supervisors
Ms. Jan Opstein
v Flood Control District of
Maricopa County
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Federal Emergency Management Agency
Washington, D.C. 20472

Case Nec.: 90-09-87P

Re: Cave Creek/Carefree
Floodplain Study

Community: Maricopa County,
Arizona

Additional Data Required to Support a Request
for a Flood Insurance Study {(FIS)/
Flood Insurance Rate Map (FIRM) Revision

Requestor: Mr. Ron Nevitt Date: MY o 1041

Community: Maricopa County, Arizona

Cave Creek/Carefree

The data listed below must be provided before we can process your request for
an FIS/FIRM revision.

I.

HYDROLOGY

As we mentioned in our June 29, 1990, letter, and discussed in a
April 26, 1991, telephone conversation, we could not locate several of
the discharges developed for Willow Springs Wash and its tributaries, as
shown in Table 4, Summary of Peak Discharges, on Page 18 of the report
entitled "Final Hydrologic and Hydraulic Report for Cave Creek/Carefree
Flood Delineation Study,'" prepared by CH2M Hill, dated March 1990, in
the submitted HEC-1 models for these streams. The River Milte (RM)
locations where these discrepancies occur are listed below.

Stream Location
Willow Springs Wash RM 4.95
Willow Springs Wash, Tributary 1 RM 0.98
RM 2.82
Willow Springs Wash, Tributary 2 RM 1.31
Willow Springs Wash, Tributary 2A RM 0.52
Willow Springs Wash, Tributary 4 RM 0.52
RM 0.98
Willow Springs Wash, Tributary 5 _ Above confluence with

Willow Springs Wash,
Tributary 5A

As discussed in our April 26, 1991, telephone conversation, these
discharges were developed wusing discharge per weighted area
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II.

calculations. Please submit the supporting calculations for thess
discharges.

HYDRAULICS

A,

Ocotlllo Wash—Split Flow Analysls

We have reviewed the split flow analyses submitted with your letter
dated February 13, 1991, as we requested in our June 29 letter.
Several HEC-2 hydraulic computer models were used in those analyses
to determine the flood hazards for this area. First, a HEC-2 model
(identified as "split flow"), which included the split flow option
based on weir flow, was developed to calculate the 100-year
discharge of 2,132 cubic feet per second (cfs) in the west braid of
Ocotillo Wash. A separate HEC-2 model (identified as 'West Braid")
was then run for the west braid of Ocotillo Wash, based on the
discharges calculated in the "split flow" model.  However, this
west braid run did not include the entire reach of the braided
area. A third HEC-2 model (identified as 'Main Channel") was
prepared for the main channel of Ocotillo Wash to include the total
discharge. This discharge varies from 1,714 cfs to 4,047 cfs. The
BFEs from this run do not reflect the flow that splits into the
west braid of Ocotille Wash.

As discussed in our April 26, 1991, telephone conversation, our
review of the submitted models revealed the follcwing three
concerns:

1. The first concern regarding the "split flow'" HEC-2 hydraulic
model is whether it is more appropriate to use the weir flow
or normal depth option in calculating the flow splitting into
the west braid of Ocotillo Wash. Since the split in flow
appears to be caused by natural high ground, it is unclear why
the split was established assuming weirs at the two reaches
where flow splits from the main channel. As explained during
the April 26, 1991, telephone conversation, the upstream weir
was based on a ridge located where the flow splits., Please
explain in writing the use of the weir fiow option, including
the reason for choosing this method and the impact of using
the weir flow option instead of the normal depth option.

2. The second concern, which was also discussed. in the
April 26, 1991, telephone conversation, 1is that the ‘''West
Braid' HEC-2 model does not include the entire reach of the
braided area. Only cross sections 1710 through 2850 are
modeled. It is unclear how the floodplain was delineated for
the upstream reach and why the west braid of Ocotillo Wash is
shown on the work map as Zone A, because the discharge is
basically divided equally between the main channel and the
west braid. Please explain how the approximate floodplain was
delineated and why one side of Ocotillo Wash is shown with
detailed information and the other side 1is shown as
approximate.,




3. The third concern is that the BFEs for the main channel were
based on the total discharge varying from 1,714 to 4,047 cfs,
including the flow in the west braid of Ocotillo Wash., These
BFEs differ by as much as 1.8 feet from those developed in the
"split flow" HEC-2 hydraulic computer model, The BFEs should
reflect the existing conditions and be based on the "split
flow" HEC-2 hydraulic model, which accounts for 2,132 c¢fs
being diverted to the west braid. The use of the total
discharge in the main channel is a conservative approach. In
the April 26, 1991, telephone conversation, we discussed some
reasons for this modeling approach, including field
cbservations of cutting and scour in the main channel. This
modeling approach reflects the assumption that future floods
will cause the main channel to be further cut and therefore,
contain most of the discharge. Since this conservative
approach is based on future conditions and may affect property
owners along the east braid, please provide documentation
explaining why this conservative approach was used, including
erosion rates if available.

Also, because of the instability of the highly erosive alluvial
soils in the area of high ground between the main channel and the
west braid of Ocotillo Wash, we will place the following note on
the FIRM: "Floodplain subject to significant hazards because of
channel migration and stream bed and bank erosion."

B. Floodway Surcharges
Our review of the newly submitted HEC-2 hydraulic computer models
revealed that there are two cross sections that have surcharges
greater than 1.0 foot. At all cross sections, the differences in
elevation between the encroached and natural conditions must be
less than or equal to 1.0 foot, The specific streams and cross
sections at which the surcharges are greater than 1.0 foot are
listed below.

Difference in

Stream Cross Section Water-Surface Elevation (feet)

Cottonwood Creek 940 1.2

Ocotillo Wash 3090 1.1
Please revise the HEC-2 hydraulie models so that all cross sections
have surcharges of 1.0 foot or less, and make any necessary
revisions to the profiles and work maps.

C. Culverts

Our review of the newly submitted culvert calculations raised the
following three concerns that should be addressed:

1. The submitted report does naot describe the derivation of the
outlet velocities. Please explain how the outlet velocities
were derived.
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2. In the HEC-2 model for Willow Springs Wash Tributary 35,
reference is made to a 40- by 27-inch corrugated metal pipe
arch culvert. However, this culvert 1s not modeled, Please
explain this discrepancy.

3. According to the Willow Springs Wash Tributary 35 HEC-2
hydraulic model, submitted with the February 13, 1991, letter,
the cross section downstream of the culvert is 690, with a
depth of 3.5 feet. Please provide revised culvert
calculations for Willow Springs Wash Tributary 5, based on the
tailwater equal to 3.5 feet, instead of the previously used
3.66 feet.

ITI. MAPPING

Al

Ocotillo Wash

Our review of the HEC-2 hydraulic computer models and topographic
work map entitled 'Cave Creek/Carefree Flood Insurance Study,"
scale 1:2,400, contour interval 4 feet, prepared by CH2M Hill,
Inc., dated March 1990, and submitted with your February 13, 1991,
letter, revealed that all but one discrepancy in distances between
cross sections had been corrected. The specific stream and cross
sections at which there is a discrepancy between the HEC-2 model
and the topographic work map is listed below.

Between Distance in Feet
Stream Cross Sections HEC-2 Model Map
Ocotillo Wash .16 and .24 285 450

Floodway Widths

Some discrepancies between the floodway widths listed in the HEC-2
hydraulic computer models and those shown on the previously
referenced topographic work map were not resolved in the
February 13, 1991, submittal, The specific streams and cross
sections at which these differences occur are listed below.

Width
Stream _ Cross Sections HEC-2 Model Map
Ocotillo Wash 2,97 670 335
Ocotillo Wash, Tributary 3 1.19 60 45

Please revise the HEC-2 models, the work maps, or both, to resolve
these discrepancies.
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l. Ms. Jan Opstein
Flood Control District of Maricopa County
, 3335 W, Durango Street
ll Phoenix, Arizona 85009
'I Dear Ms. Opstein:

Subject: Cave Creek/Carefree Flood Insurance Study

This letter follows our meeting of August 1, 1991 and presents the information and
l _ modifications to the project deliverables requested by the Federai Emergency
l Management Agency in their letter dated May 8, 1991. The following paragraphs
summarize the requested information:

ll I. HYDROLOGY
!l The stream reaches referred to in the May 8, 1991 letter were modeled using
discharges estimated by assuming a unit discharge for each subbasin as estimated 1

using the HEC-1 model. The discharge per unit area was then used to estimate |
I. _ discharges for channel reaches in the watershed. The supporting calculations are 3
shown in Table 1.

CHZM HILL Phoenix Office, 1620 West Fountainhead Parkway. Suite 550, P.C. Box 28440 602.966.8188
ll Tempe, Arizona 85285-8440 :
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Table 1
l I Total Partial
Subarea Arca
Stream Section Subarea (sq.mi.) (sq.mi.) Fraction Q(HEC-1) Q(HEC-2)
' I WS 4.95 D2 032 0.16 0.50 420
. 032 0.16 0.50 626
032 0.16 0.50 724
032 0.16 0.50 896
E I WSTI uses PC 32+0.58°  FI from sec. 0.98 to 1.52

WST1 0.98 PC 32 0.84 543
0.84 820
0.84 962
0.84 1,215
" Fl1 0.82 048 0.58 525
0.82 0.48 0.58 787
0.82 0.48 0.58 921
082 0.48 0.58 1,168
WST1 282 FiB 0.56 0.25 0.45 358
0.56 0.25 0.45 537
I 0.56 0.25 0.45 629
0.56 0.25 0.45 704
WST2 131 F2B 043 022 0.50 51t
0.43 0.22 0.50 762
I 0.43 0.22 6.50 891
0.43 022 0.50 1,114
WST2A 0.52 F2A 0.29 0.19 0.67 345
: 029 0.19 0.67 514
029 0.19 0.67 601
0.29 0.19 0.67 752
WST4 0.52 F2D 0.23 0.16 0.69 180
Il : .23 0.16 0.69 271
023 0.16 0.69 318
0.23 0.16 0.69 402
WST4 0.98 F2D 023 0.10 0.42 180
l 0.23 0.10 0.42 n
el 023 0.10 042 318
023 0.10 0.42 402
- WSTS 0.92 F3 0.89 0.42 0.47 352
0.89 0.42 0.47 536
0.89 0.42 0.47 631
0.89 0.42 0.47 804

PHXC17.104.51
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II.  HYDRAULICS
A. Ocotillo Wash Foot Flow Analysis
The first concern listed by FEMA regards the "split flow."

1. FEMA'’s reviewer questioned whether the weir flow or the normal
depth option for calculating the flow distribution at the two areas of
channel bifurcation was most appropriate. Based on detailed field
investigations by our staff as well as Flood Control District staff and
evaluations of stereoscopic aerial photographs, it was our conclusion
that the predominant flow direction was in the east or main braid at
both split locations. As depth of flow increases to above the crest of
the ridge separating the east and west braids, flow begins to leave the
main channel into the west braid. The angle of this flow over the divide
will vary depending on the depth, however, it was our conclusion that
the component of velocity in that direction would be low. Using normal
depth to estimate the magnitude of the split would therefore not be
appropriate. It is our opinion that modeling the flow as a broad-crested
weir with a relatively high weir coefficient more accurately represents
the actual flow characteristics. Although arguments could be made for
using either method, the field and photographic evidence appeared to
indicate that the predominant flow direction was within the main or
west braid and that the use of the normal depth option for estimating
the flow split would underestimate the magnitude and severity of
flooding in the main braid.

2. The second concern described in FEMA's letter regards the length of
the reach modeled by the west braid HEC-2 model. On Ocotillo Wash
two separate reaches of divided flow were investigated. The upstream
split occurs between Section 3.09 and 3.17 at that location; a minor
amount of flow is diverted from the main braid. This flow re-enters the
main stream at approximately Section 2.65. Between cross-sections 2.72
and 3.17, the hydraulic characteristics of the diverted west braid were
modeled by approximate methods as directed by FCDMC. Based on
our conversations with FEMA and FCDMC, these calculations have
been revised. New 100-year flood-prone areas have been estimated
using Manning’s equation for normal depth. These calculations and a
portion of Sheet 13 showing the cross-section locations are attached.

PHXC17.104.51
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Cross-sections 1.71 through 2.85 were used in the west braid model to
evaluate the flooding conditions downstream of the lower flow split
which occurs between cross-sections 2.72 and 2.78. Although the flow
split model predicts that during large events relatively equat flow would
occur in either braid, field investigations and examination of
stereographic aerial photography led to the conclusion that the primary
flow channel is indeed the eastern or main braid. This conclusion is
supported by evidence of recent and historic scour, highwater marks,
and anecdotal evidence. It was our conclusion that as this channel
continues to scour, all flow could be contained in or diverted to the ]
main braid. The channel banks are composed of unconsolidated alluvial
fill materials and are subject to significant episodes of scour and %
deposition. Because of these conditions, we were directed by the Flood

Control District to use a conservative assumption that represented the

probable worse case for each braid. We therefore modeled the main

stream assuming no flow diversion occurred at the split and modeled

the west braid assuming that the portion of flow indicated by the split

flow analysis was conveyed by the west braid.

B. Floodway Surcharges

The profiles and work maps. for Cottonwood Creek and Ocotillo Wash sections
referenced in the letter have been revised. The revised work products are
attached. g

C. Culvert Calculations for Willow Springs Wash Tributary 5

As we discussed, the hydraulic computations for these culverts have been
revised. The 40-inch by 27-inch cmp arch culvert had been omitted from the
original model. It has been added and new computations revised. Federal i
Highway Administration Model HY8 was used to revise the calculations and to

estimate outlet velocities. The results were used to revise the HEC-2 model. ;
Calculations and documentation are attached. :

IL MAPPING
The sections of Ocotillo Wash referred to in the May 8th letter have been revised to

address the discrepancies indicated. Revised HEC2 outputs, revised maps, and
profiles are attached.

PHXC17.104.51
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Jan, I believe these items will respond to each of FEMA’s comments and allow for
finalization of the above-referenced project. If you have any questions or comments,
please call me.

Sincerely,
CH2M HILL

Steven R. Walker
Project Manager

_ Attachments

i |
' r
.
’ - PHXC17.104.51
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OCOTILLO WEST BRAID

HYDRAULIC COMPUTATION

Section 2.65 through 3.09




CROSS-SECTIONAL ANALYSIS

l I ¥-SECT.BAS/V.1

Preparer: D.STOUGH

g>@ct: CAVE CREEK FIS ’ Job#: PHX27815.AM
l Section Description: Xs-1 Date: 08-19-1991
MANNINGS n
II STACFE) ELEV(ft) (to Mext #) |
705.00 2349.50 .045 :
2 755.00 2349.00 .04 :
I;l 810.00 2345.00 .04 _ : |
850.00 2347.00 .04 :
878.00 234450 .04
905.00 234550 045 ‘
l ' 935.00 2345.50 .04 :
$50.00 2344.00 .04 i
970.00 2345.50 L045
I 985.00 2345.50 .04
' 995.00 2344 .00 .04
1010.00 2344.00 .04
: 1030.00 2345.00 045
I 1125.00 2347.50 -

hannel Slope = 0.0276 ft./ft.

!. = 2347.40 ft.

epth = 3.40 ft.
l L slope = 0.0276 ft./ft.

NOTES STA-ft MAN.n AREA-sf WT.P-ft CONV(K) Q-(cfs) V-fps Fr.# TW(ft)

'aanx 777.0

0.040 206.59 128.27 10573.7 1756.63 8.50 1.18 128.0 |
IGHT BANK 905.0
0.045  57.00 30.00 2895.0 480.95 8.44 1.08 30.0 :
I' 935.0 ‘.
: 0.040 - 92.75 35.13 6599.3 1096.35 11.82 1.28  35.0 ‘
970.0 !

0.045  28.50 15.00 1447.5 240,48 8.44 1.08 15.0
II 985.0 !
0.040 135.50  45.74 10503.0 1744.89 12.88 1.31  45.0
1030.0 !
l 0.045 109.43 91.23 4090.6 679,59 6.21 1.00 91.2 |
l 1121.2 i

629.76 344.76 36109.1 5998.80 9.53 1.24 344.2

3.10 fr.
Slope = 0.0276 ft./ft.

u 2347.10 ft.
Ls

NOTES STA-ft MAN.n AREA-sf WT.P-ft CONV(K) @-(cfs) V-fps Fr.# TW(ft)

0.040 168.83 124.13 7720.1 1282.56 7.60 1.15 123.9

0.040 82.25 35.13 5402.4 897.52 10.91 1.25 35.0

BANK  905.0
0.045  48.00 30,00 2176.4 361.24 7.53 1.05 30.0 |




il 985.0
1030.0

ll 1064.2
(i = 2345.80 ft.
Ll = 1.80 4t.

hannel Slope = 0.02756

EFT BANK 799.0
lnl 826.0
IANK 863.4
II BANK 905.0

935.0

'I ll 970.0

j 985.0
!I 1030.0
II 1060.4

I.5.E. = 2345.87 ft.

= 1.87 ft.
ﬁ | Slope = 0.0276
0

NOTES STA-ft

IANK. 827.4

I"I 862.7
LGHT BANK 905.0
Im' 935.0

' 970.0
I I 985.0
E I 1030.0

1063.1

0.040 63.00

0.045 15.3¢

45,14

34.21

3328.4 552.96

299.1  49.69

8.13

3.23

i.17

0.85

45.0

34.2

fe./ft.

MAN.n AREA-sf

0.040 31.07

0.045 $.00

0.040 36.75
0.045 4.50
0.040 63.50

0.045 12.16

232.66

Wt.p-ft

41.64

30.00

35.13

15.00

45.14

30.41

T046.5 1170.66

CONV(K} Q-(cfs)

218.2  36.25
952.0 158.15
133.6  22.19

1410.8 234.38

66.8 11,10

2970.0 493,41

218.6  36.31

5.09

2.47

6.38

2.47

1.04

0.79

1.10

0.79

7.77 1.15

0.83

TW(FL)

...........................................

167.79

fr./ft.

MAN.n AREA-sf

0.040  12.78
0.040  34.01
0.045  11.10
0.040  39.20
0.045  5.55
0.040  66.66

0.045 14.38

224.37

Wr.p-ft

29.42

42.42

30.00

35.13

15.00

45.14

33.08

5969.8 991.78

CONV(K) Q-(cfs)

1093.0 181.5%

i89.5  31.49

1571.2  261.02

94.8  15.74

3219.8 534.92

273.4  45.42

5.34

2.84

6.66

2.84

8.03

3.16

1.05

0.82

1.1

0.82

1.16

0.84

TH(F)

42.3

30.0

35.0

15.0

........ hwmmem mmeecc-d pagecem mmmem mmww e=m=-=

183.68

230.19

6714.6 1115.51

6.07

1.20




" CROSS-SECTIONAL ANALYSIS
u X-SECT.BAS/V.1
’ Preparer: D.STOUGH
ject: CAVE CREEK FIS Job#: PHX27815.AM
iass Section Description: Xs-2 Date: 08-19-1991
MANNINGS n
‘ STA(ft) ELEV(ft) (to Next #)
T 925.00 2370.50 .055
940.00 2366.50 055
-5 980.00 2367.00 035
4 1000.00 2364.00 035
5 1010.00 2364.50 035
‘ 1025, 00 2368.00 055
10640, 00 2371.00 055
8 1090.00 2372.00 -
I'annel Slope = 0.0296 ft./ft.
' RATING CURVE
(ft) D(ft) AREA-sf  WP.P-ft  CONV(K) Q-(cfs) V~fps Fr.# TW(ft)
2364.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00 0.0
4.50 0.50 3.33 13.38 56.2 9.66 2.90 1.02 13.3
gs.oo 1.00 11.37 18.95 344.2 59.22 5.21 1.18 18.8
65.50 1.50 22.14 24.53 880.6 151.50 6.84 1.26 24.3
66.00 2.00 35.65 30.10 1699.4 292.38 8.20 1.32 29.8
ts 50 2.50 51.90 35.67 2837.6 488.20 9.41 1.37 35.2
7.00 3.00 81.36 83.18 4443.4 764.48 9.40 1.67 82.6
2367.50 3.50 123.66 87.32 7131.9 1227.02 9.92 1.46 86.6
8.00 4.00 167.97 91.46 10545.0 1814.22 10.80 1.40 90.6
Es 50 4.50 214.38 95,95 14931.6 2568.94 11.98 1.41 95.0
2369.00 5.00 262.97 100.44 19998.8 3440.72 13.08 1.42 99.4
9.50 5.50 313.75 104.93 25732.4 4427.16 14.11 1.43 103.8
ﬁo 00 6.00 366,72 109.42 32123.9 5526.81 15.07 1.44 108.1
0.50 6.50 421.88 113.91 39168.8 6£738.86 15.97 1.45 112.5
‘ RATING CURVE
WSE(ft) D(ft) AREA-sf WT.P-ft CONV (K) Q- (cfs) V-fps Fr.# TW({ft)
’;7 00 3.00 81.36 83.18 4443.4 764.48 9.40 1.67 82.6
367.05 3,05 85.51 83.60 4676.9 804.65 9.41 1.63 83.0
7.10 3.10 89.67 84.01 4918.8 846.27 9.44 1.60 83.4
i'i 15 3.15 93.83 84.42 5167.7 889.08 9.48 1.58 83.8
7.20 3.20 98.04 84.84 5425.7 933.47 9.52 1.56 84.2
2367.25 3.25 102.26 85.25 5691.5 979.20 9.58 1.53 84.6
‘7 .30 3.30 106.50 85.67 5964.9 1026.25 9.64 1.52 85.0
7.35 3.35 110.77 86.08 6246.0 1074.60 9.70 1.50 85.4
2367.40 3.40 115.03 86,49 6533.0 1123.99 9.77 1.49 85.8
7.45 3.45 119.34 86.91 6828.8 1174.88 9.85 1.47 86.2
17.50 3.50 123.66 87.32 7131.9 1227.02 9.92 1.46 86.6
W.S.E. = 2367.37 ft.
ﬁth = 3.37 ft.




.lnnel Slope = 0.0296 ft./ft.

'NOTES STA-ft MAN.n AREA-sf WT.P-ft CONV(K) Q-{(cfs) V-fps Fr.# TW(ft)

!!'T BANK 936.7
0.055 26.22 43.38 507.9  87.39 3.33 0.75  43.3

IIHT BANK 980.0
0.035 ° B86.26 42.87 5852.6 1006.91 11.67 1.44  42.3

1022.3
TOTALS : 112.48 86.25 6360.5 1094.30 9.73 1.50 85.6

1l

1
Il
|
]
]|
1
1
]
]
|
1]
1
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CROSS—-SECTIONAL ANALYSIS

X-SECT.BAS/V.1

Preparer: D.STOUGH

!l)ject: CAVE CREEK FIS Job#: PHX27815.AM

Cross Section Description: XS-3 Date: 08-19-1991
! MANNINGS n
NO. STA(ft) ELEV(ft) (to Next #)
‘. 750.00 2395.00 .045
| 850,00 2392.00 .045
3 910.00 2392.00 .045
.l 925.00 2392.00 .035
\ 985.00 2388.00 .035
6 1005.00 2388.00 .035
‘ 1025.00 2390.50 .045
il 1050.00 2392.00 . 045
9 1110.00 2395.00 -
“nnel Slope = 0.0445 ft./ft.
i
’I RATING CURVE
g(ft) D(ft) AREA-sf  WT.P-ft  CONV(K) Q- (cfs) V-fps  Fr.# TW(ft)
2388.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00 0.0
2388, 50 0.50 12.88 31.55 301.6 63.62 4.94  1.36 31.5
ﬁ9.oo 1.00 31.50 43.10 1088.1 229.54 7.29  1.50 43.0
9.50 1.50 55.88 54.64 2414.3 509.30 9.11  1.59 54.5
2390.00 2.00 86.00 66.19 4359.3 919.59 10.69  1.65 66.0
0.50 2.50 121.88 77.74 7001.9  1477.06  12.12  1.70 77.5
MLOO 3.00 164.58 93.60 10662.1 2249.16 13.67  1.81 93.3
2391.50 3.50 215.21 109.47  15205.7  3207.65 14.90 1.87 109.2
2.00 4.00 273.75 125.33  20735.1  4374.07 15.98  1.90 125.0
“ RATING CURVE
(ft) D(ft) AREA-sf  WT.P-ft  CONV(K) 0~ (cfs) V-fps Fr.# TW(ft)
2390.00 2.00 86.00 66.19 4359.3 919.59 10.69 1.65 66.0
0.05 2.05 89.33 67.35 4591.1 968.50 10.84 1.66 67.2
“0.10 2.10 92.72 68.50 4830.0 1018.89 10.99 1.66 68.3
2390.15 2.15 96.15 69.65 5074.8 1070.54 11.13  1.67 69.4
0.20 2.20 99.66 70.81 5328.1 1123.96 11.28 1.67 70.6
ﬁo.zs 2.25 103.22 71.96 5588.6  1178.91 11.42  1.68 71.8
%0.30 2.30 106.84 73.12 5856.5 1235.43 11.56 1.68 72.9
2390.35 2.35 110.52 74.28 6131.9 1293.52  11.70 1.69 74.1
0.40 2.40 114.23 75.43 6413.3  1352.90 11.84 1.69 75.2
0. 45 2.45 118.03 76.58 6703.8  1414.17 11.98  1.70 76.3
2390.50 2.50 121.88 77.74 7001.9  1477.06 12.12 1.70 77.5

L@ E. = 2390.19 ft.
2.19 ft.
0.0445 ft./ft.

h =

‘nannel Slope =




b IT BANK
E HT BANK
“ALS :

STA-ft MAN.n-

1022.5

AREA-sf WT.P-ft CONV(K) Q-(cfs) V-fps Fr.# TW(ft)

70.58 5276.8 1113.15 11.25 1.67




CROSS5-SECTIONAL ANALYSIS

X~SECT.BAS/V.1

mject: CAVE CREEK FIS
ross Section Description: XS5-4

nnel Slope

“E = 2406
gepth = 2.50

nnel Slope

NOTES
T BANK
RIGHT BANK

a....

STA(Tt)
925,00
960.00
995.00

1005. 00

1030.00

1070.00

ELEV (ft)

o ———— — — ——

2407.00
2406.50
2404.00
2404.00
2409.00
2410.00

= 0.0410 ft./ft.

.50 ft.
ft.

= 0.0410 ft./ft.

Preparer: D.STOUGH
Job#: PHX27815.AM
Date: 08-19-1991

MANNINGS n
(to Next #)
.05
.03
.03
.03
.05

STA-ft MAN.n AREA-sf WT.P-ft CONV(K) Q-(cfs) V-fps Fr.# TW(ft)

1017.5

0.030

———— o —

————— o

84,38

57.84 5390.4 1091.47 12.94 1.88

57.84 5390.4 1091.47 12.94 1.88 57.5
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FILE DATE: 06-17-1991

URRENT TIME: 14:28:50 FILE NAME: WSTS

kR E kR A AR IR Ak Ak dkkhhkhhhdhk kA hhhk kb hhkhhbhhkhhhkhhkhkhid bkt d s

. URRENT DATE: 06-17-1991

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

************************* FHWA CULVERT ANALYSIS Rk Rk h Ak ke kR kkk kA kR A E
xkkkkhkhkhkhkkhkhkrkhkhkhkhhhdhx HY-8, VERSION 3.2 hhkkkhkhkrkkhkkhhhkhhrkhhhhkhs
****************************:k***************************‘k**********************
“ c SITE DATA CULVERT SHAPE, MATERIAL, INLET
D B
L INLET OUTLET CULVERT | BARRELS
v ELEV. ELEV. LENGTH SHAPE SPAN RISE MANNING  INLET
# (FT) (FT) (FT) MATERIAL (FT) (FT) n TYPE
1 |2104.50 2102.10 50.06 | 3 CSP 3.50 3.50 .024  CONVENTIONAL
" 5 |2104.50 2102.10 50.06 | 1 CMPA 3.50 2.42  .025  CONVENTIONAL
3
4
"
€
*******‘k************************************************************************

“****************************************‘k***************‘k****************‘k*****

SUMMARY OF CULVERT FLOWS (CFS) FILE: WST5 DATE: 06-17-1991
' ELEV (FT)  TOTAL 1 2 3 4 5 6 ROADWAY ITR
2104.50 0 0 0 0 0 0 0 0 0
2106.60 100 76 24 0 0 0 0 0 4
2107.93 200 158 42 0 0 0 0 0 4
. 2109.55 300 244 56 0 0 0 0 0 4
2111.80 400 330 71 0 0 0 0 0 4
2114.69 500 413 86 0 0 0 0 0 4
' 2117.41 600 476 100 0 0 o} 0 23 6
2117.61 631 481 100 0 0 0 0 50 4
2118.36 800 496 100 0 0 0 0 203 3
. 2118.71 900 502 100 0 0 0 0 297 3
2119.03 1000 500 100 0 0 0 0 398 3
2117.10 568 470 98 0 0 0 0 OVERTOPPING

-**************************************************************‘k*****************

REEKEE R I AT TR AT IR KA A AR AR RR N KAR AR LA AR A A R AR A LR R LR AR A A A A AT R AR A dd T dtd b h bbb et bt dst

SUMMARY OF ITERATIVE SOLUTION ERRORS FILE: WSTS DATE: 06-17-1991
. HEAD HEAD TOTAL FLOW % FLOW
ELEV (FT) ERROR(FT) FLOW (CFS) ERROR (CFS) ERROR
. 2104.50 0.00 0 0 0.00
2106.60 0.00 100 -0 -0.02
2107.93 0.00 200 -0 -0.01
2109.55 0.00 300 ~0 ~0.03

2111.80 0.01 400 -0 ~-0.08
2114.69 _ -0.00 500 0 0.02
2117.41 -0.01 600 1 0.16
2117.61 -0.00 631 1 0.12
2118.36 -0.00 800 1 0.10
2118.71 -0.00 200 1 0.15

2 0.15

KRR AR AR A AR A A R TR AR AT A AR AR AR AR A AR A A AR AR LA A A AR KA AR A RRR AR I A A AT A ek kR khhhdt

<l1> TOLERANCE (FT} = 0.010 <2> TOLERANCE (%) = 1.000
S L L L L R R R g e O g R A A R AOS

. 2119.03 -0.00 1000
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URRENT DATE: 06-17-1991 FILE DATE: 06-17-1991
CURRENT TIME: 14:28:50 FILE NAME: WST5

T L T L R R T T T T T R R Ty R R R R R R E g
S T e L L T X TR L T CULVERT # 1 R L R L R R S X R R )
T Rt ks a e Ed R E T L B g R R R R R g R g g g gy

PERFORMANCE CURVE FOR 3 BARREL(S)

Q HWE TWE ICH OCH FLOW CCE FCE TCE VO
(cfs) (£t) (ft) (ft) (ft) TYPE (ft) (ft) - (fY) (fps)
0 2104.50 2102.10 0.00 -2.40 0O-NF .00 2104.50 0.00 0.00
; 76 2106.61 2102.30 2.11 0.39 6~FF .00 - 0.00 0.00 9.94
f 158 2107.93 2104.20 3.43 1.69 6-FF 0.00 0.00 0.00 11.41
. 244 2109.55 2104.60 5.056 3.62 &6-FF 0.00 0.00 0.00 12.69
330 2111.79 2104.85 7.29 6.17 6-FF. 0.00 0.00 0.00 14.08
413 2114.68 2105.00 10.18 9.33 4-FF 0.00 0.00 0.00 14.32
476 2117.41 2105.20 12.91 12.03 4-FF 0.00 0.00 0.00 16.50
. 481 2117.61 2105.60 13.11 12.22 4-FF 0.00 0.00 0.00 16.65
: 496 2118.36 2106.10 13.86 13.46 4-~FF 0.00 0.00 0.00 17.19
: 502 2118.71 2106.60 14.12 14.21 4-FF .00 0.00 0.00 17.38
. 500 2119.05 2107.00 14.06 14.55 4-FF 0.00 0.00 0.00 17.33
| El. inlet face invert 2104.50 ft El. outlet invert 2102.10 ft
. El. inlet throat invert 0.00 ft El. inlet crest 0.00 ft

XXX E AT E LS LSS A SR AR SRS L LR RS R R R LR LR LA EEEE LS EEEE LR R R R R R R R g

%%%% STTE DATA *%%%*% CULVERT INVERT #*#%#%#kkdhdkhhkhsk

. INLET STATION (FT) 690.00

INLET ELEVATION (FT) 2104.50
. OUTLET STATION (FT) 740.00

OUTLET ELEVATION (FT) 2102.210
| NUMBER OF BARRELS 3.00
n SLOPE (V-FT/H-FT) 0.0480
| CULVERT LENGTH ALONG SLOPE (FT) 50.06

*k%% CULVERT DATA SUMMARY *%kkkkdkkdhkikhkhkhhhhkhdhdhhd

.' BARREL SHAPE CIRCULAR

BARREL DIAMETER 3.50 FT

BARREL MATERIAL CORRUGATED STEEL
'I BARREL MANNING’S N  0.024

INLET TYPE CONVENTIONAL

INLET EDGE AND WALL SQUARE EDGE WITH HEADWALL
.l INLET DEPRESSION NONE

EEE SR EE SRS LSRR R R s R R R TR TR R L R R A R R R RN NN
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06-17-19921 FILE DATE: 06-17-1951

URRENT DATE:
FILE NAME: WST5

CURRENT TIME: 14:28:50

I e L L L s s S LT T
TR S FET IR L EE T L L 2 CULVERT # 2 hdkkhkkhhhkh Rk khkkkhhhhkhhhhd

*******************************************************************************
‘ PERFORMANCE CURVE FOR 1 BARREL(S)
HWE TWE ICH OCH FLOW CCE FCE TCE VO
_ (c s (ft) (£t) (ft) (ft) TYPE (£t) (ft) =~ (ft) (£ps)
2104.50 2102.10 0.00 -2.40 O-NF 0.00 2104.50 0.00 0.00
24 2106.60 2102.30 2.10 0.15 6-~FF 0.00 0.00 0.00 9.30
42 2107.92 2104.20 3.42 1.84 6-FF 0.00 0.00 0.00  10.44
56 2109.55 2104.60 5.05 3.94 4-FF 0.00 0.00 0.00 8.28
71 2111.79 2104.85 7.29 6.48 A4-FF 0.00 0.00 0.00 10.46
86 2114.69 2105.00  10.19 9.66 4-FF 0.00 0.00 0.00 12.79
100 2117.41 2105.20 12.91 12.91 4-FF 0.00 0.00 0.00 15.36
100 2117.86 2105.60 12.95  13.36 4-FF 0.00 0.00 0.00 15.38
100 2118.39 2106.10 12.97 13.89 4-FF 0.00 0.00 0.00 15.40
100 2118.86 2106.60 12.95 14.36 4-FF 0.00 0.00 0.00  15.39
. 100 2119.26 2107.00 12.95 14.76 4-FF 0.00 0.00 0.00 15.39
El. inlet face invert 2104.50 ft El. outlet invert 2102.10 ft
. El. inlet throat invert 0.00 ft El. inlet crest 0.00 ft
P R R R R R R R R R R kX E R E I A R E AR A R R R E R LT R TR R R R R T B R T oV T 0 S 0 A YU TR SV TR TN A A A S
-***** SITE DATA kkkk* CULVERT INVERT #*%%itdkrkhkhki®
INLET STATION (FT) 690.00
INLET ELEVATION (FT) 2104.50
. OUTLET STATION (FT) 740.00
OUTLET ELEVATION (FT) 2102.10
NUMBER OF BARRELS 1.00
SLOPE (V~FT/H-FT) 0.0480
- CULVERT LENGTH ALONG SLOPE (FT) 50.06
kkxk* CULVERT DATA SUMMARY %k %kkkhkhdthkhhkkhhhkkhkhrikht
. BARREL SHAPE PIPE ARCH
BARREL, SPAN 42.00 FT
BARREL, RISE 29,00 FT
. BARREI, MATERIAL STEEL OR ALUMINUM
BARREL MANNING’S N  0.025
INLET TYPE CONVENTIONAIL
- INLET EDGE AND WALL PROJECTING
INLET DEPRESSION NONE

********************************************************************************
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'IURRENT DATE: 06-17-1991 FILE DATE: 06-17-1991
| CURRENT TIME: 14:28:50 FILE NAME: WSTS

4

I*************************************************************'k*************‘k***

RO g e R P T T T T T T T 2 TATLWATER S o o oo ok ok o ok o Tk o ke kR ok ok ok e ok
A R T LR R R R R R e T T R L s

|

******-k-k**-k********************************************************************

TATILWATER RATING CURVE

FLOW (CFS) W.S.E. (FT)

0 2102.10

i 100 2102.30

. 200 2104.20

; 300 2104.60

: 400 2104.85

. 500 2105.00

600 2105.20

; 631 2105.60

| 800 2106.10

- 900 2106.60

1000 2107.00
!*******-k'k**********************************************************************
kdkkhk kI hhdhkhhkkkkkhkrkitk®x ROADWAY OVERTOPPING DATA dFxdkkkdhrhhrhkkihrirhhhkhnhsk

kR A AR TR AT AR T AA KRR A AR I AR R A AR R A AR A AR AR RIAARAIRARAAAA AR AT A AR A kb hhhkdhhhhkhkdhhhddhdh ik

. ROADWAY SURFACE GRAVEL

EMBANKMENT TOP WIDTH (FT) 30.00
CREST LENGTH (FT) 50.00
OVERTOPPING CREST ELEVATION (FT) 2117.10

kR AR AT IR A AR KK I AR IR AR AL LA A A A AR AL A AL LA A AR AR A LI LA AR AR AR AR AR IR AR Ak ko h kT hdx
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September 25, 1991

PHX27815.AM

Ms. Jan Opstein

Flood Control District of Maricopa County
3335 West Durango Street

Phoenix, Arizona 85009

Dear Ms. Opstein:

Subject: Cave Creek/Carefree FIS

As you requested, [ have prepared a brief summary of the resuits of the hydraulic
analysis of the culverts in the study reaches of this project. Following discussions with
FEMAs review contractor. 1 identified an error in the velocity calculations for
Ocotillo Wash Tributary 4 (OCT. 4). The velocity shown in the October 1, 1990,

letter for this culvert was 2.94 ft/s. The corrected velocity is 11.7 ft/s.

I believe the attached discussion and summary table will provide the information
requested by the review contractor.

If you have any questions, please give me a call.

Sincerely,

CH2M HILL

Steven R. Walker, P.E.
Project Manager

Attachment

PHXC16.164.51

CH2M HILL Phoenix Office, 1620 Wast Fountainhead Parkwaly, Sulte 550, P.O. Box 28440
Tempe, Arizona 85285-8440 . 602:966.8168




Culvert Hydraulics

The hydraulic computations for the culverts in the study area were initially prepared
using manual calculations. As described in the letter to Jan Farmer dated October 1,
1990, the calculations followed the procedure described in Hydraulic Engineering
Circular No. 5 entitled "Hydraulic Design of Highway Culverts." The calculations for
the culvert at Section 700 of Willow Springs Tributary 5 were subsequently revised
using the FHWA Culvert Analysis computer program HY-8. The computations were
submitted in a letter dated August 23, 1991.

Outlet velocities were estimated for each culvert. For culverts flowing full under outlet
control conditions velocity was estimated using the equation V = Q/A. Velocities for
culverts under inlet control were estimated using-normal depth or tailwater depth,
which ever was higher. The attached table summarizes the results of the computations.

PHXC16.165.51




Culvert Summary

Cross- Culvert Q400 Q00 Pipe Qoo Weir Is Outlet Outlet Velocity 100-yr.

Stream section Description (cfs) {cfs) (cfs) Submerged (it/s) WSE
OCT. 3 280 1-3 CMP 296 131 165 No 10.4 2200.23
460 3-3CMP 296 180 116 - No 35 2226.67
OCT. 4 600 1-3 CMP 1. 8 83 0 Yes 11.7 221517
WST. 5 700 3-35 CMP 631 481 50 Yes 16.65 2117.61
1-29" x 42" CMPA 100 Yes 15.36 2117.61

PHXC16.166.51
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Section 0.54, Dnstrm, N, = 0.035, N,

MCFCD

- OCOTILLO WASH
CAVE CREEK - FIS

TRIBUTARY 1A

Ph 93

Section 0.54, Dnstrm, N, = 0.035, N, = 0.045

PHOTO DATE: 10-5-89 (ROLLS 4,5)
PROJECT: LAO27815.H2




_ 1

-

&

Ph 12 Ph 13

Section 37.65, Upstrm, N., = 0.035, N, = 0.065 Section 37.65, Dnstrm, N, =

™
1
o

B EN

0.035, N

. |

3

1

- MCFCD

- CAVE CREEK
| CAVE CREEK - FIS

Ph 14

Section 38.70, Dnstrm, N, = 0.06, N,

PHOTO DATE: 10-4-89 (ROLL 2)
PROJECT: LAO27815.H2
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-

s

3

o |

s

R ER

.

/

-

1

~

f—

Ph 7

Section 36.60, Upstrm, N, = 0.08, N,; = 0.065

Ph 10

Gauging Station

MCFCD ‘
CAVE CREEK - FIS

Ph 8

Section 36.60, Dnstrm, N, = 0.08, N,; = 0.065

Ph 11

Section 37.40, Upstrm, N, = 0.035, N, = 0.065 Section 37.40, Dnstrm, N, = 0.035, N,; = 0.065

CAVE CREEK

Ph 9

Section 36.95, Upstrm, N., = 0.08, N,; = 0.065
Dnstrm Constriction /Upstrm Ineffective Flow

PHOTO DATE: 10-4-89 (ROLL 2)
PROJECT: LAO27815.H2




b |

=

Ph 20

Section 0.70, Upstrm, N, = 0.035, N, = 0.065

=

3

i
hel

M pho23 '

_ﬂ Section 0.90, Upstrm, N.,, = 0.03, N, = 0.05
~

| MCFCD

N CAVE CREEK - FIS

Ph 21

Section 0.70, Dnstrm, N_, = 0.035, N, = 0.065

Ph 24

Section 0.90, Dnstrm, N., = 0.03, N,; = 0.05

WILLOW SPRINGS WASH

TRIBUTARY 1

Ph 22

Section 0.70, Dnstrm, N, = 0.035, N, = 0.065

Ph 25

Section 1.90, Dnstrm, N, = 0.03, N,; = 0.05

PHOTO DATE: 10-4-89 (ROLLS 1,2)
PROJECT: LAO27815.H2




Section 3.81, Upstrm, N, = 0.04, N,; = 0.055 Section 3.93, Upstrm, N, = 0.04, N,; = 0.055

. |

=3 A K

-

. |

MCFCD WILLOW SPKINGS WASH PHOTO DATE: 10-9-89 (ROLL 7)
i CAVE CREEK - FIS PROJECT: LAO27815.H2




- |

-3

Ph 135 137

-

Section 3.04. Dnstrms Nch = 0.04. ‘Nob = 0.05 Section 3.04, Upstrm Nch = 0.04, Nob = 0.05 Section 3.60, Upstrm Nch = 0.048. Nob = 0.055

. |

_ MCFCD PHOTO DATE: 12- ROL
[ CAVE CREEK - FIS wmwmsnls,umv?s VASH rmsc:A: mgu:;:; -



Ph 27

|| Section 2.10, Dnstrm, N., = 0.03, N,; = 0.04 Section 2.10, Upstrm, N, = 0.03, N,; = 0.04

=1

=3

28 Ph 29

=3

Section 2.17, Upstrm, N, = 0.035, N, = 0.04 Section 2.30, Upstrm, N, = 0.03, N, = 0.04
Nick-Point |
e

MCFCD WILLOW SPRINGS WASH  PHOTO DATE: 10-4-89 (ROLL 3)

i CAVE CREEK - FIS TRIBUTARY 1 PROJECT: LAO27815.H2




Ph 31

Ph 30
n Section, 0.00, Upstrm, N, = 0.03, N, = 0.04 Section 0.10, Upstrm, N, = 0.03, N,; = 0.04
at Confluence Trib. 2 / Trib. 3

|
A
|
-
]
™
H 3
~_ Section 0.10, Upstrm, N, = 0.045, N, = 0.05  Section 0.40, Dnstrm, N, = 0.04, No, = 0.05
L TRIBUTARY 2A TRIBUTARY 2A
Fa
MCFCD WILLOW SPRINGS WASH
i CAVE CREEK - FIS TRIBUTARY 2 & 2A

Section 0.30, Dnstrm, N, = 0.03, N,; = 0.04

PHOTO DATE: 10-6-89 (ROLL 6)
PROJECT: LAO27815.H2




" 138 | | | 129 M 140
Section -0.02, Upsirm. Nch = 0.03, Nob = 0.04 Section 0.20 Dnstrm. Nch = 0.028, Mod = 0.045 Section 0.20, Upstrm. Nch = 0.035, Nab = 0.045
| (Below Confluence: of Spur-X Rd.) Confluence w/ Minor Stream: River Lt.

3

-

1

M 141 Ph 142
. Section 0.33, Upstrm. Nch = 0.045, Neb = 0.055 Section 0.60. Upsirm, Nich = 0.05, Nob = 0.06

' NCFCD 1
I k- VLLORSPNGS WSH  pme v o



52

Section 0.35, Upstrm, N, = 0.04, N,

MCFCD
CAVE CREEK - FIS

0.05

Section 0.13, Upstrm N, = 0.04, N, = 0.05

Dip Crossing
Lower Part Passes Through Incised Rock

Section 0.64, Upstrm, N, = 0.04, N, = 0.05

WILLOW SPRINGS WASH

TRIBUTARY 4

Section 1.13, Dnstrm, N, = 0.04, N, = 0.05

PHOTO DATE: 10-9-89 (ROLLS 6,7)
PROJECT: LAO27815.H2




Section 0.69, Upstrm, Culverts

MCFCD
CAVE CREEK - FIS

Section 0.69, Upstrm, Culverts

WILLOW SPRINGS WASH

TRIBUTARY 5

Ph 57
Section 0.46, Dnstrm, N, = 0.04, N, = 0.05

Section 0.79, Dnstrm, N, = 0.035, N,; = 0.045
Dnstrm Culverts Visible

PHOTO DATE: 10-4-89 (ROLL 3)
PROJECT: LAO27815.H2




Ph 62

Section 0.80, Dnstrm, N_, = 0.035, N,; = 0.045 Section

Ph 61

Ph 65

Section 1.04, Upstrm, N, = 0.035, N, = 0.045 Section

1.15, Dnstrm, N_, = 0.035,

MCFCD WILLOW SrRINGS

CAVE CREEK - FIS

TRIBUTARY 5

WASH

Ph 63

Section 0.89, Upstrm, N, = 0.035, N, = 0.045

PHOTO DATE: 10-4-89 (ROLL 3)
PROJECT: LAO27815.H2



—~

—

Section 0.47. ACROSS. Nch = 0.045. Nob = 0.06

MCFCD
CAVE CREEK - FIS

FLEMING SPRINGS WASH
TRIBUTARY 1

PHOTO DATE: 12-29-89 (MOLL 9)
PROJECT : EBB27815




T omyg T — -y
Section 0.01. Bnetrm: Nch = 0.038, Mob = 0.055 Section 0.24, UPstrm: Nch = 0.045, Mob = 0.055

CONFLUENCE W/ WST3: 24° CWP, 12° RCP
ROAD IS 1.0° ABOVE CROWN

™ 146 T S X
m Sﬂﬂﬂl 0-33- m "‘ s 'o“Sl “ s 00“ Mlm 0-33- m "‘ = 0-"50 “ = 'o“
30° WP CULVERT TRD. IS 3.0° ABOVE CROW)

MCFCD
. . FLEMING SPRINGS WASH

h 148
Sﬂﬂﬂl °o‘!l m HI = o-mi “ s .o“

PHOTO DATE: 12-23-89 (ROLL 9)
PROJECT : (W27815. 2



Ph 66

Section 1.60, Dnstrm, N, = 0.035, N, = 0.045

Ph 68

Ph 69

Section 1.75, Dnstrm, N, = 0.035, N,; = 0.045 Section 1.88, Upstrm, N., = 0.035, N,, = 0.045 Section 1.88, Dnstrm, N, = 0.035, N, = 0.045

MCFCD OCUTILLO WASH PHOTO DATE: 10-5-89 (ROLL 3)
i CAVE CREEK - FIS MAIN PROJECT: LAO27815.H2




Ph 72 Ph 73 Ph 74

Section 2.08, Dnstrm, N, = 0.035, No; = 0.045  Section 2.10, Upstrm, N, = 0.035, N,; = 0.045 Section 2.10, Upstrm, N, = 0.035, N, = 0.045
- Ineffective Flow Area East Braid Above Confluence East Braid Above Confluence

h 76
— Section 2.10, Dnstrm, N., = 0.035, N,; = 0.045 Section 2.50, Dnstrm, N, = 0.035, N, = 0.045 Section 2.83, Dnstrm, N, = 0.035, N,; = 0.045
Below Confluence East Braid East Braid

- MCFCD | OCOTILLO WASH PHOTO DATE: 10-5-89 (ROLLS 3,4,5)
| CAVE CREEK - FIS MAIN PROJECT: LAO27815.H2



Ph 79

Section 3.00, Dnstrm, N, = 0.035, N, = 0.05

Section 2.83, Dnstrm, N, = 0.035, N,; = 0.045

Upper West Brai

——

10-6-89 (ROLL 6)

Q\|
&
w0
(00]
N~
QN
.
<
S
@)
S 4
O O
I
O o

MAIN

COTILLO WASH

O

MCFCD
CAVE CREEK - FIS



P

Ph 80 ' ' ' Ph 81

Section 2.10, Upstrm, N., = 0.035, N, = 0.045 Section 2.20, Upstrm, N_, = 0.04, N, = 0.045 Section 2.20, Upstrm, N., = 0.04, N, = 0.045
Right Bank Left Bank

Ph 84
Section 2.20, Dnstrm, N, = 0.04, N, = 0.045 Section 2.20, Dnstrm, N, = 0.04, N,; = 0.045 Section 2.50, Dnstrm, N, = 0.03, N,; = 0.055
Left Bank Across Section

MCFCD OTILLO vASH PHOTO DATE: 10-5-89 (ROLLS 4,6)
CAVE CREEK - FIS OCL;OWER WECS)T BRAI% PROJECT: LAO27815.H2



Ph 86

+ Section 2.50, Dnstrm, N_, = 0.03, N,; = 0.055 Section 2.82, Dnstrm, N, = 0.03, N,; = 0.05
& East Braid West Side at Biforkation

&y

s

Section 0.00, Upstrm, N, = 0.035, N, = 0.045 Section 0.73, Upstrm, N, = 0.04, N, = 0.045 Section 0.73, Dnstrm, N, = 0.04, N,; = 0.045
at Confluence Main/Trib. 1

MCFCD GCOTILLO WASH PHOTO DATE: 10-6-89 (ROLL 6)
R CAVE CREEK - FIS LOWER WEST BRAID & TRIB.1 PROJECT: LAO27815.H2




h 95
Section 0.00, Upstrm, N, = 0.04, N,; = 0.05 Section 0.34, Upstrm, N., = 0.045, N, = 0.045
. at Confluence Main/Trib. 2

Ph 100
Section 0.34, Dnstrm, N., = 0.045, N, = 0.045 Section 0.60, Dnstrm, N_, = 0.04, N, = 0.04 Section 0.60, Upstrm, N_, = 0.035, N,; = 0.045
Well Shack :

| MCFCD OCOTILLO WASH PHOTO DATE: 10-5-89 (ROLLS 3,4)
1 CAVE CREEK - FIS TRIBUTARY 2 PROJECT: LAO27815.H2




e

Ph 101
Section 0.47, Dnstrm, N_, = 0.055, N_;

Section 0.68, Dnstrm Culvert

MCFCD
CAVE CREEK - FIS

0.055

Ph 102
Section 0.47, Dnstrm, N., = 0.055, N,

Ph 105

Section 0.86, Dnstrm, N, = 0.045, N,

OCOTILLO WASH

TRIBUTARY 3

0.055

0.055

I'| 103
Section .47, Upstrm from Crossing

PHOTO DATE: 10-5-89 (ROLL 5)
PROJECT: LAO27815.H2




et AR

Ph 106 Ph 107 Ph 108

Section 0.00, Upstrm, Nz = 0.035, Noz = 0.045 Section 0.28, Upstrm, N.; = 0.035, N,z = 0.045 Section 0.55, Upstrm, Nz = 0.04, Noz = 0.05

Ph 109
Section 0.55, Dnstrm, N.; = 0.04, N,z = 0.05 Section 0.59‘? Upstrm, Nz = 0.04, Nz = 0.05 Section 0.60, Dnstrm
36" CMP Culvert w/90 Degree Headwall 36" CMP Culvert w/90 Degree Headwall
| MCEUD OCOT“_LO VVI-\SH PHOTO DATE: 10-6-89 (ROLL 5)

CAVE CREEK - FIS TRIBUTARY 4 PROJECT: LAO27815.112



—

Section 0.84, Dnstrm, Nz = 0.045, N,; = 0.045
Second Road Crossing

Section 0.89, Upstrm, N.; = 0.045, N,; = 0.045
First Road Crossing

MCFCD
CAVE CREEK - FIS

Ph 113

Section 0.84, Upstrm, Nz = 0.025, N,z = 0.045
Second Road Crossing

Ph 116

Section 1.12, Dnstrm, N.; = 0.045, N, = 0.045

OCOTILLu WASH

TRIBUTARY 4

Ph 114

Section 0.89, Dnstrm, N.; = 0.025, N,; = 0.045
First Road Crossing

PHOTO DATE: 10-6-89 (ROLL 5)
PROJECT: LAO27815.H2



Ph 119
Section 1.10, Dnstrm, N, = 0.025, N,, = 0.045 Section 1.10, Upstrm, N, = 0.025, N,; = 0.045 Section 1.15, Upstrm, N., = 0.035, N,; = 0.045
B All 3 Braids

. Ph 120

_ Section 1.34, Dnstrm, N, = 0.032, N,; = 0.05 Section 1.34, Across, N., = 0.032, N, = 0.05 Section 1.34, Upstrm, N, = 0.032, N, = 0.05

MCFCD ROWE WASH PHOTO DATE: 10-9-89 (ROLL 7)
CAVE CREEK - FIS MAIN PROJECT: LAO27815.H2



Ph 124
Section 1.90, Dnstrm, N_, = 0.035, N,; = 0.05 Section 2.35, Upstrm, N, = 0.035, N,; = 0.05
— Grapevine/Rowe Confluence

e 2t

Ph 12

~ Section 3.05, Upstrm, N, = 0.045, N,; = 0.05 Section 0.33, Upstrm, N_, = 0.03, N, = 0.05 Section 1.00, Upstrm, N., = 0.03, N = 0.05
Rowe Trib. 1/Main Confluence Grapevine Wash Grapevine Wash

MCFCD ROWE WASH PHOTO DATE: 10-9-89 (ROLL 7)
B CAVE CREEK - FIS MAIN & GRAPEVINE WASH PROJECT: LAO27815.H2



gr—

Ph 129

Section 0.35, Upstrm, N, = 0.025, N,; = 0.045

Section 2.50, Upstrm, N., = 0.025, N, = 0.045

MCFCD
CAVE CREEK - FIS

Section 0.35,

O
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=
3
=
o
X
I
e
(=
N
L
=
&
!
=
o
i
)

Section 2.50, Dnstrm, N_, = 0.025, N, = 0.045

GALLOWAY WASH

NORTH TRIBUTARY

Ph 131

Section 2.00, Upstrm, N, = 0.025, N, = 0.045

Section 3.38, Dnstrm, N_, = 0.025, N
Upstrm Limit

PHOTO DATE: 10-9-89 (ROLLS 7,8)
PROJECT: LAO27815.H2

0.045



