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Cave Creek / Care Free Flood Insurance Study - Hydrology 

Prefer red  Hydrologic Eethods f o r  the  Cave Creek/ Carefree hydrology: 

I 
R a i n f a l l  : 100  year ,  24  hour storm. 

SCS type I1 d i s t r i b u t i o n .  

I 
Areal Reduction : NOAA H'iDRO-40 (FCD w i l l  provide a copy of t h e  

r epor t ) .  

Loss Rate : Green arid h p t  a s  described i n  the Hydrology 
Manual (Tables of parameters t o  be provided) i f  
t h e  version of HEC-1 da ted  Dec. 5, 1988 i s  
used. 

o r  I n i t i a l  and uniform l o s e  r a t e  ( tables  of 
parameters t o  be provided) .  

Dnit Hydrograph : SCS dimensionless. 

Channel Routicg : Normal depth rout ing where good channel d a t a  i s  
ava i l ab le .  

1 Pluskingumfcr s l i o t h e r  rout ing.  

1 HEC-1 Version: 1988 version prefer red ,  otherwise 1981 v e r s i o n  
v i t h  1985 modificatioos. 

I 
Submit tals  f o r  review by the  Watershed Management Branch of  the Hydrology 
Divis iza  w i l l  include the f o l l o % ~ i z g  upon compietion: 

I 1. Preliminary p l ans  and maps (separate  maps f o r  s o i l  
c l a s s i f i c a t i o n s ,  sub-basin b w d a r i e s  including the rout ing  
reaches:. 

1 .  2. Sample ca l cu la t ions  t o  determiae bas in  parameters f o r  approvaL 

p r i o r  t o  the parameter determination f o r  a l l  rhe subbasins. 

I 
3 .  A l l  ca lcu la t ions  t o  determine basin parameters.  



4. HEX-1 model along with the  parameters used t o  prepare the  HEC-1 
coding. A running model on floppy d i sk  and a schematic drawing 
o f  the  basins s h a l l  accompany the HEC-1 model. The fol lowing 
symbols s h a l l  be used t o  prepare the  schematic drawing a long  
with the terminology t o  be used in t h e  model: 

0 Subarea c a l c u l a t i o n  (SUB) 

0 Combined hydrograph (CO) 

Route hydrograph (R, or  PO) 

V Divert hydrograph (D,  o r  DIV) 

5 .  Preliminary and f i n a l  repor t  and product.  

Note: The FCD requests  p r i o r  no t i ce  t o  when t h e  products w i l l  be  
submitted f o r  review t o  allow scheduling by reviever .  A l l  e f f o r t s  w i l l  
be made t o  return comments within one week a f t e r  submittal.  
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I - 7 6 ~ 5  
ADDENDUM to "EYDROLOGIC DESIGN FOR 

HIGHWAY DRILZNAGE IN ARIZONA" April 1975 

Steps to be used to deternline 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- 

I 
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 1 in the column headed 'Map Values1 

I . . 

I TABLE 1 

I 

3 

- 
NOTE: There i s  a possibility of making an e r r o r  while reading the 

t .  maps because, (1) a si te  is not easy to locate precisely on a se r ies  
of 12 maps, (2) there may be some slight registration diffe~eaces 
in printing, and (3) precise interpolation between isolines i s  diffi- 
cult. In order to minimize any errors  in reading the maps, these . 

I 
values should be plotted on the diagram "Precipitation Depth versus 
Return Periodw Fig. 1. 

i 
I 

I -1- 

L 



Project No. Station 

Figure I Precipitation Deptt, Versus Return Period for  
Partial - Duration S e r i e s  



b 

I- ADDENDUM to "HYDROLOGIC DESIGN FOR 
HIGHWAY DRAZNAGE IN ARIZONA'' April 1975 

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

I- tions and return periods. 

I- 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 s torms for return 

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

TABLE 1 

NOTE: There is  a possibiiity of making an e r r o r  while reading the 
maps because, (1) a si te  is not easy to locate precisely on a ser ies  
of 12 maps, (2) there m a y  be some slight registration differences 
in printing, and (3) precise interpolation between isolines is  diffi- I cult. In order  to Illinimize any e r rors  in reading the maps, these 
values should be plotted on the diagram "Precipitation Depth versus 
Return Periodff Fig. 1. 
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Return P e r i o d  I n  Y e a r s , ~  P a r t i a l  - D u r a t i o n  S e r i e s  

Figure I Precipitation Deptt, Versus Return Period for  
Partial - Duration S e r i e s  



iTQOY RRER 
RRlNiALL OlSTRISUllM 
PREClPllBION VRLNS 

11 1; 
OESIW j l HOUR b HOUR 24 HOUR :: 2 HOUR ! I  1 HOUR :I 12 HOUR :I 5 m n  10 .in I5 m i l  20 .in 30 ,in 1: 

_..~__~_i__~____-__ , . _ _ _ I / _ _ _ - ] 1 - - _ _ _ 1 I _ - _ _ _ _ _ _ _ _ _ - - - _ _ _ - ~ ; :  

2YERR / 1.15 1.51 1.97 j j  2 7  1 .35/ /  1 . 7 4 1  0.33 0.52 0.64 0.75 0.91 j j  

5YEAR j 1.46 2.05 2 .b9 i i  6 [  1.80i i  2.36[[ 0.42 0.bb 0.82 0.95 1.15;: I .  
LOYERR 1 1.65 2.32 3 . 6  1.8811 2.03:: 2 0.48 0.74 0.92 1.07 1,301: 

lSlW I I01 

9.0 10.5 11.0 11.5 11.75 II.90 11.5 12.0 12.05 12.10 12.E 12.5 13.0 13.5 15.0 I 8 0  -- - .- - ---- ------ 
2YEM / 0.12 0.23 0.31 0.35 0 .1  0.53 O.bb 0.82 0.99 1.15 1.31 l.U 5 I 1.66 I 1.85 

5 YEW / 0.1b 0.32 0.45 0.51 0.62 0.77 0.74 1.13 1.35 1.5b 1.75 1.n 2.08 2.18 2.24 2.37 2.53 

0.21 0.42 0.5b 0.M 0.7b 0.93 1.12 1.34 1.58 1.82 2.04 1.23 2.41 2.52 2.110 2.74 2.95 

0.26 0.51 0.b9 0.79 0.P3 1.12 1.34 1.60 1.85 2.15 2.11 2.63 2.83 2.9b 3 .0  3.211 3.49 

50 YM)R : 0 3  0.59 0.80 0.91 1.08 1.30 1.55 1.83 2.14 2.45 2.73 2.53 3.20 3.37 3.48 3 .H  3.78 

100 YFAR : 0.34 6 0.91 1.03 1.2 1.47 1.74 2.06 2.41 2.75 3.07 3.34 3.59 3.78 3.90 4.15 4.47 

UATERSHEO RRFA 
-. RRINFRLL OISlRIBUTION 

PRECIPITRTLOW VRLULS 
PREIP. VALUE5 FOB OUMlIOffi < I HR. ,, I I I! 1: 

oEsI8N / 1 HOUR 6 nnuR 24 HOUR i! 2 HDUR :I I HWR 1: 12 HOUR :: 5 win 10 tin 15 ain 20 .in 30 mia /! 
__-~_ :~__-____- ._____I~~_- -__ . l I . - -___ : :__ ._c I  - - __I- 

?YEAR : 5 0 2.29:; 1 . l  l . 9 4 j i  0.33 0.Z 0.64 0.75 0 .9 l i ;  3 : 11 
5 W R  / 1.40 2.10 2 . B j j  6 1 .80/ /  2 .53 j j  0.41 0.63 0.78 Q.71 1.11 j j  

1OYFAR j 2 2.42 3.4 j 1.89 / /  2.08 j j  ' 2.91 / j  0.47 0.73 0.91 1.05 1.28 j /  

IS YERR [ 1.92 2.83 4.M ii 2.21 [ 2.44 i[ 3.40 [i O.5b 0.86 1.08 1.25 1.52 i i  '1  5 0 1 1 8  % / 2.18 3.21 4.50 :/ 2.53 j j  2.11 j j  3.81 / j  0.3 0.98 1.22 1.42 1.72 / /  I. 
1DUYL4R 1 2.13 3.60 5,0011 -!! 3,1O!i 4.29 i! 0.70 1.09 L.3b 1.58 1.92 

. -. 

ISTV 1 101 

OESlbY 1 6.0 9.0 10.5 11.0 11.5 11.75 11.90 I 12.0 12.05 12.10 L2.B 12.5 13.0 13.5 15.0 18.0 
,- 

2 YEW / OJ8 0.35 0.44 0.49 0.57 0.b9 0.82 0.98 1.15 1.31 1.47 1.M 1.72 1.80 I .  1.95 2.11 

0.22 0.44 0.3 0.67 0.79 0.93 1.09 1.19 1.49 1 . 9  1.88 2.M 2.19 2.30 2.38 2.54 2.75 

0 0.50 0.b7 0.7b 0.90 1.07 1.25 1.47 1.71 1.94. 2.16 1.34 2.52 2.65 2.74 2.92 3.16 

25 BAR j 0.30 0.59 0.78 0.88 1.04 1.24 1.46 1.72 2.00 2.28 2 . X  2.R 2.96 3.12 3.22 3.42 3.70 

50 YEAR j 0.n O.AS 0.87 0.98 1.16 1.39 4 I 2.25 2.51 i.86 3.11 3.31 3.51 3.63 3.86 4.17 

90 YEAR : 0.35 0.70 0.93 1.09 1.29 1.54 1.81 2.15 2.50 2.85 3.18 3.M 3.i2 3.P1 4.05 4 4.b4 



1 ;i!l. ; : / ! i l l 1  1 1  1 ; I , . , . . ' 1  ! , ! ,  2 
l l l i l  ' I I I I I I I  8 :  1 1  , 1 , ; ! l ! l~~l l  FIG. 1 I !  / . m 
1 , .  . ' I ! j j , (  , ( I , ,  , : ~ l l ! > ~ l  I , : , I , ! !  . , , ,  i l 

~~ -. , , 
a 
1 24 HOUR STORM a 



. . 

S l r n r n h  e 0 s m N - m m h w  m w m N 





LOWER BASIN 
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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 

I INTRODUCTION 

I 
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 

I 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. 

I 
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. 

I 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 

I accurate, more realistic assumptions into a time of concentration 
estimate. 

I METHODS OF ESTIMATING TIME OF CONCENTRATION 

1 Over the years, hydrologists have developed numerous methods for 
estimating time of concentration. McCuen et al. identified and 

I evaluated 13 different methods for estimating time of 
concentration. These methods can be classified as empirical or 
velocity based. 

I Empirical methods are usually based upon limited data. For 
example, the popular Kirpich equation is based upon data from 

I 
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 

I other geographic regions. 

Velocity based methods are based upon either the kinematic wave 

I 
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 

I 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 

I and assumes bank full channel conditions. 

- 





McCuen et. al. conclude that a velocity based method is most 
likely to provide an accurate and unbiased estimate of t.ime 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 time 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 deterniine 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 textbook on open channel hydraulics 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 



Table 1 

Flow Rate Variation 

I Flow Element Location Formula 

I 
Overland Upstream Q = 0 (cfs) 

Overland Downstream Q = Lo * Ie (cfs/ft) 

I Collector Upstream Q = 0 (cfs) 

Collector Downstream Q = 2 * LC * Lo * Ie (cfs) 

I Main Upstream Q = Qu (cfs) 

Main Downstream Q = A * Ie + Qu (cfs) 
I 

Variable Units Definition 

A acres Basin area 

Ie iph Excess rainfall intensity 

Lo feet Typical overland flow length 

Ls feet Typical collector channel flow length 

\wsg4\tc. doc 

Flow rate 

Flow rate entering basin from 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. 

4 o The sensitivity of the time of concentration estimate 
to variations in each hydraulic parameter may be 

I 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. 

1 
I o The time of concentration estimate is related to excess 

rainfall rates. This is important because flow 

I velocity increases with flow discharge. TC will 
predict shorter time of concentrations where more 
intense rainfall rates are experienced. Also, the time 

I 
of concentration estimate can be tailored to the design 
event (2-year, 10-year, 100-year, etc.). 

o TC explicitly manages increasing flow rates from 

I upstream to downstream. Other methods only 
approximately manage increasing flow rates (by assuming 
pipe or bank full conditions). 

I 0 
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 

I allows the hydrologist to check the reality of the 
assumed flow conditions. 

1 HOB TO RUN PROGRAM TC 
I 

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 I 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 

I 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. 

I To execute TC in batch mode, the user must first prepare a 
free-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 I basins to analyze. Subsequent lines contain the hydraulic data 
for each basin basin. The data in Figure 4 is in the same order 

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

Sample outputs for the first two basins are shown in Figures 5 

I and 6. 



Flow Chart for Input 

Run TC 

Interactive 

, , 

Batch Input? 

Enter Input 

Enter Output 
File Name File Name 

I 
I 

Read Number 
of Basins 

from Input File 

---I--- 
Enter Basin 

Input File Interactively 

----T-- 
Enter Excess Enter Excess 
Rainfall Rainfall 

I 
Write Summary Write Summary - 

I 
Try Another 
Rainfall 

-- - .- Rate? - 

IN Write summary Write Summary N I to output File 

If More Basins dYi  
N 

End 



Figure 3 

Lotus Vaksheet  fcr S q L e  Basins 

SUBSCT: MARICOPA CO 
C A E  CREEK/CIREFREE FIS 
BASIN CONCENTRATION DATA 

BY: WILLIE WWA/GLO 
DATE: SEPTENBER 27, 1989 
PROJECT: U027815.Hl 
FILE: TC.VK1 

BASIN 

- 
A1 
A2 
A3 
A4 
A5 
A6 
A7 
E l  
83 
82 
84 
8 1 
85 
86 
87 
E2 
E3 
E4 
E5 
E6A 
E6 
€7 
€8 
E l 0  
E9 
E l l  
E l 2  
E l 3  
E l 4  

I- OMRUN3 - 
GRCUM) MANNING'S FLOW 

I I 
SIDE BOTTOM 

SLOPE n LENGTH SLOPE WIDTH 
(FT/FT) (FEET) (FT/FT) (FEET) 

0.25 0.1 1000 1 40 
0.27 0.1 1100 1 40 
0.19 0.1 1050 1 40 
0.24 0.1 1600 1 40 
0.27 0.1 500 1 25 
0.38 0.1 1500 1 40 
0.26 0.1 1500 1 50 

COLLECTOR - 
CHAHML MANNIffi'S 

SLOPE n 
(FT/FT) -- 

0.052 0.065 
0.051 0.050 
0.042 0.065 
0.050 0.065 
0.167 0.065 
0.092 0.050 
0.224 0.065 
0.083 0.065 
0.111 0.065 
0.079 0.065 
0.159 0.065 
0.102 0.065 
0.083 0.065 
0.083 0.065 
0.113 0.065 
0.076 0.065 
0.169 0.0-55 
0.076 0.065 
0.000 0.065 
0.089 0.065 
0.000 0.065 
0.000 0.065 
0.042 0.065 
0.021 0.065 
0.000 0.065 
0.000 0.065 
0.037 0.065 
0.000 0.065 
0.100 0.065 

CHANKL 
-I 

LENGTH 
(mr) - 

4500 
98qO 
8000 

11400 
3500 
4000 
3900 
1600 
2700 
3600 
2300 
4900 
5200 

12000 
4500 
9000 
6900 
1700 

0 
7500 

0 
0 

4200 
11700 

0 
0 

SO00 
0 

2000 

BOTTMl 
WIDTH 
(FEET) 

MAIN 
CHANNL 

SLOPE 
(FT/FT) 

WNNIHG'S CHANNEL 
n LEffiTH 

(FEET) -- 
0.050 28000 
0.040 19500 
0.040 15000 
0.040 21000 
0.050 19800 
0.040 18100 
0.040 27600 
0.040 2800 
0.050 7100 
0.040 0 
0.050 3700 
0.045 20700 
0.050 1600 
0.040 0 
0.040 4200 
0.040 0 
0.040 7700 
0.040 3000 
0.040 8300 
0.045 0 
0.045 1550 
0.045 1400 
0.045 0 
0.045 0 
0.045 3000 
0.045 6000 
0.045 0 
0.000 0 
0.050 8800 

BAS1 N 
AREA 

(AC-FT) 

U P S T R W  
FLOW 

(CFS) - 
0 
0 
0 

34000 
0 
0 

33000 
34000 

0 
0 

M O O  
0 

13000 
0 

14000 
0 
0 

34000 
34000 

0 
34000 
34000 

0 
0 

34000 
34000' 

0 .  
35600 

0 

BASIN 

- 
A1 
A2 
A3 
A4 
A5 
A6 
A7 
E l  
83 
82 
84 
81 
85 
86 
87 
E2 
E3 
E4 
E5 
E6A 
E6 
E7 
E8 
e10 
E9 
E l l  
e12 
e13 
E l 4  



Figure 4 

Sarple  Batch Data F i l e  fcr Program 

0 A 6  
33000 A 7  
34000 E l  

0 83 
0 82 

M O O  84 
0 81 

13000 85 
0 86 

11000 87 
0 E2 
0 E3 

34000 E4 
34000 E5 

0 E M  
34000 E6 
34000 E7 

0 E8 
0 E l0  

34000 E9 
34000 E l l  

0 E l2  
35000 E l3  

0 E l4  



Figure 5 

I Sanple Output fo r  Basin A1 

* PROGM TO CALCULATE TIME OF CONCENTRATION * 

I 
* WRITTEN BY WILLIE GONWA, WM-HILL/GLO * 
m REVISION OCTOBER 4, 1989 m 

mmm* 

-FORBASIN: A l i  

I 
CtC*hhm 

* DATA FOR OVERLAND FLMJ ELEMENT * 

I 
SLOPE 5 (FEET/FGUT) : 0.250W 
ROUGHNESS COEFFICIENT N : 0.10000 
FLOW LENGTH (FEET) : 1009 

* DATA FOR COLLECTOR CHANNEL * 

I SIOESLOPE Z (FEET/FWT) : 1.00WO 
BOTTOM WIDTH W FEET) : 5 40.0 
SLOPE S (FEET/F OT) : 0.052GU 

I 
ROUGHNESS COEFFICIENT N : 0.06500 
FLOW LENGTH (FEET) : 4500 

* DATA FOR MAIN CHANNEL * 

I SIDESLOPE Z (FEET/FWT) : 1.00000 
BOTTOM WIDTH W (FEET) : 100.0 
SLOPE S (FEET/FM)T) : 0.02300 
ROUGHNESS COEFFICIENT N : 0.05000 
FLOW LENGTH (FEET) : 28000 

I 
I * EN0 OF FLOW ELEMENTS DATA * 

TOTAL BASIN AREA (ACRES) . 10081.00 

m FLOW FROM UPSTREAM BASIN ~ F S )  . o 
EXCESS RAINFALL RATE FOR ESTIMA~EO BASIN TC (INCHES/HOUR) : 6.00 

m 
OVERLAND FLOW COLLECTOR MAIN TOTAL 

' ELEMENT CHANNEL ------------- --------- CHANNEL - - - - - -- BASIN 

I ----- 

Tc (sec) BASED ON CW 660 409 961 2030 

I Tc (hours) BASE0 ON CW 0.18 0.11 0.27 0.56 

Tc (sec) BASED ON V 1100 649 1446 3195 

I 
Tc (hours) BASED ON V 0.31 0.18 0.40 0.89 

V (fps) AT OUTLET 1.51 9.91 27.09 

CW (fps) AT OUTLET 2.52 15.45 39.71 

I Y ,  (feet) AT OUTLET 0.09 2.94 18.95 

Q (cfs) AT OUTLET 0.1389 1250 60990 

I 



Figure 6 

Sample Output for Basin A2 

I K* DATA FOR OVERLAND FLOW ELEMENT - - 
SLOPE S FEETIFOOT) : 0.27000 

I 
RouGHNEd COEFFICIENT N : 0.10000 
FLOW LENGTH (FEET) : 1100 

rn DATA FOR COLLECTOR CHANNEL - 
I SIDESLOPE Z (FEETIFIXIT) : 1.00000 

BOTTOM WIDTH W (FEET) : 40.0 
SLOPE S FEETIFOOT) : 0.05100 
ROUGHNES & COEFFICIENT N : 0.05000 

I 
FLOW LENGTH (FEET) : 9800 

rn DATA FOR MAIN CHANNEL - 
SIDESLOPE Z (FEET/FWT) : 1.00000 

/I BOTTOM WIDTH W (FEET) :. 75.0 
SLOPE S FEET/FOOT) : 0.02100 
ROUGHNES COEFFICIENT N : 0.04000 

t 
5 

FLOW LENGTH (FEET) : 19500 

rn END OF FLOW ELEMENTS DATA * 
TOTAL BASIN AREA (ACRES) : 684d.W 
FLOW FROM UPSTREAM BASIN (CFS) : 0 

'I EXCESS RAINFALL PATE FOR ESTIMATED BASIN TC (INDIESIHOUR) : 

OVERLANO FLOW COLLECTOR MAIN 
ELEMENT CHANNEL CHANNEL 

I Tc (sec) BASED ON CW 1039 804 882 

Tc (hours) BASED ON CW 0.29 0.22 0.25 

I Tc (sec) BASED ON V 1732 1287 1369 

Tc (hours) BASED ON V 0.48 0.36 0.38 

I V (fps) AT OUTLET 1.06 10.92 20.18 

CW (fps) AT OUTLET 1.76 17.25 30.65 , 

I Y (feet) AT OUTLET 0.05 2.27 8.58 

Q (cfs) AT OUTLET 0.0535 1048 14488 

TOTAL 
BASIN 



I DATA SOURCES 

I The typical flow length, slope, channel width and side slope can 
be obtained by a trained hydrologist from site visits and 
topographic mapping. Rainfall depth-duration-frequency curves 

I 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 

I Service soil surveys are good sources for typical infiltration 
rates for local soils. 

I 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 1 coefficients. 

FOR MORE INFORMATION 

I For more information about program TC please contact the 
program's author, Willie Gonwa, at 414-272-2426 or at the address 
listed above. 

I Barfield, B.J., Warner, k.~. and Haan C.T., Awwlied Hvdrolouv 
and Sedimentolocw for Disturbed Areas, Oklahoma Technical Press, 
Stillwater, OK, 1981 

I Barnes, H.H., Rouclhness Characteristics of Natural Channels, 
U.S. Geological Survey Water-Supply Paper 1849, Washington, 

I 
D.C., 1967 

Bondelid, T.R., McCuen, R.H. and Jackson, T.J., IqSensitivity of 
SCS Models to Curve Number Variation", Water Resources Bulletin, 

I Vol. 12, No. 2, 1982, pp. 337-349. 
- 

Chow, V.T., -s, McGraw-Hill, New York, NY, 

I 1959 

Kirpich, Z.P., "Time of,Concentration of Small Agricultural 

I 
Watersheds"! Civil Enqineerinq, Vol. 10, No. 6, 1940, p. 362. 

McCuen, R.H., Wong, S.L. and Rawls, W.J., "Estimating Urban Time 
of Concentration", Journal of Hvdraulic Enaineerinq, Vol 110, No. 

I 7, July, 1984, pp. 887-904. 
- 

tNovotny, V. and Chesters, G., Handbook of Nonpoint Pollution 

I ' Sources and Manaqement, Van Nostrand ReinHold Company, New York, 
NY, 1981 

I 
Soil Conservation Service, Urban Hydroloqy foe Small Watersheds, 
Technical Release No. 55, Washington, D.C., 1986 

4 



SUBJECT: ALLUWABLE NSTEPS FUR GIVEN MUSKINGUM K CUEFFICIENTS 
BY: WILLIE GONWA/GLO 
DATE: SEPTEMBER 27, 1389 
PROJECT: LA027815.H1 
FILE:  MUSKINEM. WK1 
TIME INTERVAL (;MINI: 5 
X COEFFICIENT: 0.3 

1 1 ----------- - - - - - - - - - 
2*(1-XI  AVERAGE 2X -------- -------- 

0.71 1.19 1.67 

MUSKINGUM 
K 

COEFFICIENT ----------- 
0.01 
0.02 
0.05 

0 .1  
0.2 
0.3 
0.4 
0.5 

flINIMUM AVERAGE 
NSTEPS NSIEPS -------- -------- 

1 0 
1 0 
1 1 
1 1 
2 2 
3 3 
3 4 
4 5 

MAXIMUM 
NSIEPS 

0 *** DO NOT ROUTE 
0 +*it DO NOT ROUTE 
0 a** DO NOT ROUTE 

a.66 i sa t ;  
3 

I NOTE: THE MUSKINGUM K EQUALS THE TRAVEL TIME I N  HOURS 
FOR WATER I N  THE MAIN CHANNEL. 
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CHART 5 

HEADWATER DEPTH FOR 
C. M. PIPE CULVERTS 
WITH INLET CONTROL 



:( OVERFLOW 51FIBE ,TABLE - WILLOW S F R .  T R i B . 5  
Qi = CX lXH~" ' 1 . ' ~  Q = C Q i  
C = 3 ?  l = l 0  

uvei-f law 
I'TER "TRIAL H 
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CHART 5 

BUREAU OF PUBLIC ROADS JAN. 1983 

HEADWATER DEPTH FOR 
C. M. PIPE CULVERTS 
WITH INLET CONTROL 



:I OVERFLOW STAGE T A B L E  - O C I I T I L L O  T R I B . 4  s i x  0,60 
: Qi = CbLYH"1.5 a = X Q i  

C = ,7 
2, L = rm 

I 







CHART 5 

I I L I Z  HEADWATER DEPTH FOR 

C. M. PIPE CULVERTS 

BUREAU OF PUBLIC ROAD8 Jan ,963 
WITH INLET CONTROL 
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1,  OVERFLOW STAGE TI1BLE .-0.28) .. . 150Wyr Flood Frequenc! 

ITER TRIAL  H 1 - 
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CHART 5 

I HEADWATER DEPTH FOR 
C. M. PIPE CULVERTS 

BUREIU OF PUBLIC ROADS JAN 1983 
WITH INLET CONTROL 



OVERFLOW STAGE Tt?IHLE26-0.281 
( 10yr Flood Frequencl 

I TER 

I 
I 
0 

T R I A L  H 1 
! 



:: 1. ' 9900.00 2228.00 .Q= C LC! 312. -. 05 
10000.00 2225.40 

: 1 .07 
6),= (3.0)(10)( Q,"-) 

10040.00 2228.00 

I TRIAL WSEL 2226.'76 

I i n t .  sect. avg.elevH(tr- ial) U(wier)  
( C t )  (cf 5 )  

. . . . . . . 

, I 
9905 2227.87 -1.1 1 
9915 2227.51 -. 85 
9925 2227.35 -. 59 
9955 2227.09 -. 33 

I 9945 2226.83 -. 07 
9953 2225.57 .19 2.48 
9965 2225.31 .45 9.06 

;: I 9975 2226.05 .71 17.95 
9985 2225.79 .97 28.66 
9995 2225.53 1.23 40.92 

10005 2225.73 1.04 31.59 
10015 2226.X . S9 7.17 
10025 2227.03 -.27 
10035 2227.68 -.92 
10045 2228.33 -1.57 
10055 2228.98 -2.22 

I 10065 2229.69 -2.87 
10075 2230.28 -3.52 
lmm05 2230.93 -4.17 

I 
10@95 2231.58 -4.82 

5UM OF OVERFLOW a-VALUES 1Z7.8.1; 

lor H, 

I 
OVERFLOW STAGE TABLE (sac. 0.26-0.28) 
( l00yr  Flood Frequency Madel) 
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F'ederal Emergency M a ~ a ~ e r n e n t  Agency 
Washington, D.C. 20472 

%, o b  

Case No.: 90-09-87P 

Re: Cave CreekfCarefree 
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: xr. Ron Nevitt JUN 2 9 1990 

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

1. HYDROLOGY: 

A. North Tributary of Galloway Wash: 

In Table 4, Summary of Peak Discharges listed on page 18 of the 
report entitled "Final Hydrologic and Hydraulic Report for Cave 
~reekl~arefree Flood Delineation Study," prepared by CH2M Hill, dated 
March 1990, the discharges for the North Tributary of Galloway Wash 
located at concentration point ~ ~ 6 3  could not be matched with any 
discharges in submitted HEC-1 model, or with the discharges used at 
cross section 320 in the submitted HEC-2 model for this stream. 
Please provide an explanation for these discrepancies. 

8. Willow Springs Wash and Tributaries: 

Several oE 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-1 models for these streams. The River 
Mile (RM) locations where chese discrepancies occur are listed below. 



Stream Location 

Willow Springs Wash RM 4.35 
Willow Springs Wash Tributary 1 RM - 98  

RM 7.82 
WilLow Springs Wash Tributary 2 RM 1.31 
Willow Springs Wash Tributary 2A RM .52 
Willow Springs Wash Tributary 4 RM .52 

RM -98 
Willow Springs Wash Tributary 5 Above confluence with Willow 

Springs Wash Tributary 5A 

Please provide an explanation to account for these discrepancies. 

HYDRAULICS: 

Ocotillo Wash and Tributaries: 

The review of contiguous streams revealed tie-in problems with 
flooding shown on effective FIRM Panel 0805 for Naricopa County, 
Arizona and Incorporated Areas. According to the distances taken 
from the annotated FIRM received on May 3, 1930 ,  the base flood 
elevations (BFEs) Eor Ocotillo Wash Tributaries 2 and 3 do not match 
at their confluences with Ocotillo Wash. The specific discrepancies 
are listed below. 

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 BEES within 
0.5 foot. 

Ocotillo Wash,and Rowe Wash - Split Flow Analysis: 

As stated in the report entitled "cave creeklcarefree Flood 
Delineation Study, Appendix A,"  prepared by CH2M Hill, 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. 

Cottonwood Creek: 

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



Cottonwood Creek, the SWSEL was taken from the 100-year new BFE on 
Cave Creek at its confluence with Cottonwood Creek. The common cross 
section in both HEC-2 models is 37,800. The BEE 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 coincident peaks. Please provide an 
explanation to support this selection of the SWSEL for Cottonwood 
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 
Willow Springs Wash 2,780 

3,230 
Willow Springs Wash Tributary 1A 440 
Flemming Springs Wash 330 
Ocotillo Wash 2,850 

2,970 
3,090 

Ocotillo Wash Tributary 2 150 
Rowe Wash 1,830 

~ightl~eft 
Left 
Right 
Right 
Left 
Right 
Right 
Right 
Right 
Left 

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

E. Culverts: 

Included in the submitted report entitled "Cave CreeklCarefree 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, Ocotillo 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 
Ocotillo Wash Tributary 4 culvert, when the calculated water-surface 
elevation from the HEC-2 model is used at cross section 580, the 
cross section located downstream of the culvert, the culvert is 

-- submerged. Therefore, the culvert is outlet controlled. Although 
the other culverts are not submerged and appear to be inlet 
controlled, there is soye concern about the possible high velocities 
through these culverts which could result in a hydraulic jump just 
downstream of the culverts. Please provide additional 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 outlet control. 



I 

3. MAPPING: 

I A. Ocotillo Wash and Tributaries 2, 3, and 4IWillow Springs Wash 
Tributary 5: 

I Delineations for Ocotillo Wash Tributaries 2, 3, and 4 must be shown 
on the topographic workmap entitled "Cave ~reek/~arefree Flood 
Insurance Study," scale 1:2,400, contour interval 4 feet, prepared by 

I 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 

I 
workmap to tie in with the effective Cave Creek boundaries. Please 
submit revised delineations on the topographic workmaps for these 
streams. 

I B. Ocotillo Wash: 

The reach of Ocotillo Wash between cross sections 2.17 and 3.09 

I 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 

I includes the BEES at which the land between the two branches would be 
flooded, based on the submitted topographic information. 

I Stream BEE (feet) 

Ocotillo Wash 2,260 

I , .  

2,310 
2,340 
2,360 
2,380 

I 2,4202p-. 

Please submit an explanation of why these areas would not be flooded or 

I 
-- revised delineations on the topographic workmaps. 

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

I Our 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 

I model do not match the distances. measured between the same cross 
sections on the workmaps. The specific streams and cross sections at 
which these differences occur are shown below. 

I Between Distance in Feet 
Stream Cross Sections HEC-2 Model 

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

I 37.12 and 37.20 420 3 70 

I 



Between 
Cross Sections 

Distance in Feet 
HEC-2 Model Stream 

Cottonwood Creek .51 and .57 
.79and .87 
1.14 and 1.23 
2.07 and 2.12 
2.12 and 2.19 
2.30 and 2.40 
2.85 and 2.91 
3.32 and 3.41 
4.17 and 4.26 

.44 and .56 Cottonwood Creek 
Tributary 1 

.10 and .15 Cottonwood Creek 
Tributary 2 

North Tributary 
Galloway Wash 

3.21 and 3.26 

3.88 and 3.94 
3.94 and 3.98 

Rowe Wash 

Ocotillo Wash 2.26 and 2.31 
2.4 and 2.47 
2.97 and 3.09 
3.74 and 3.83 

.42 and -48 Ocotillo Wash 
Tributary 2 

.16 and .24 

.24 and .26 

.26 and .28 
1.12 and 1.19 

OcotilLo Wash 
Tributary 3 

1.88 and 1.96 
2.48 and 2.57 
2.89 and 2.98 
2.98 and 3.07 

Willow Springs Wash 
Tributary 1 

.54 and .66 

.74 and .82 
Willow Springs Wash 
Tributary 2 



I Between 
Stream Cross Sections 

1 Willow Springs Wash .11 and .20 
Tributary 5 .41 and .51 

Distance in Feet 
HEC-2 Model & 

.65 and -69 

.92 and .99 
1.57 and 1.66 
1.92 and 2.04 

'Floodray Widths: - 
There were also discrepancies between floodway widths listed in the 
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 below. 

Stream 

Cave Creek 

Cross Section 
Width 

HEC-2 Model 

Cottonwood Creek 1.40 113 100-13 

Cottonwood Creek 
Tributary 1 

Cottonwood Creek 
Tributary 2 

Grapevine Wash 

North Tributary 
Galloway Wash 

Rowe Wash 

Ocotillo Wash 

Ocot,illo Wash 
Tributary 1A 

Ocotillo Wash 
Tributary 2 



Cross Section HEC-2 Model 

Tributary 3 .24 

I .57 33 20 1-3 
1.19 4 7 " 30 11 
1.3 52 30 

Willow Springs Wash 2.36 

I 
Willow Springs Wash .98 5 7 40 17 
Tributary 1 1.38 7 5 60 t5 

1.45 104 70 
1.65 44 

I 
'30 14 

Willow Springs Wash .10 49 30 (9  
Tributary 2A 

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

1 4 .  ELEVATION REFERENCE MARKS: 

The foLLowing elevation reference marks are not shown on the 

I 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. 

I 

I 
I 
I 
I 
I 
I 
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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 CreeWCarefree Hydrology 
FCD Contract No. 88-53 
ADWR Comments 

The following summarizes CH2M 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 CreeWCarefree. 

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 IIEC-I 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 29. 
Node 63 to 71. 
Node 50 to 51. 
Node 52 to 71b. 

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 

CH2M HILL Phoenix Office, 1620 West Fountainhead Parkway, Suite 550, PO. Box 28440 602.966.8188 
p~xcg.~17.$9rnpe, 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,  Flb, 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, Flb, 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 

Steven R. Walker, P.E. 
Project Manager 



October 1, 1990 

Ms. Jan Farmer 
Hydrology 
Flood Control District of Maricopa County 
3335 West Durango Street 
Phoenix, Arizona 85009 

Dear Ms. Farmer: 

Subject: Cave CreekICarefree Floodplain Study 
Maricopa County, Arizona 
Case Number: 90-09-8713 

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. 

I 
CH2M HILL Phoenix Office, 1620 West Fountainhead Porkwoy. Suite 550. P O  Box 28440 602.966.8188 

PtUCE.516.~~m~e, Arizona 85285-8440 
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B. Willow Springs Wash and Tributaries 

Peak discharges listed in Table 4 were revised to conform with HEC-3 
output as described above. QT records in the HEC-2 model and 
floodplain delineations were revised accordingly. 

2. HYDRAULICS 

A. 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. 

B. 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. 

C. 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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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. The ineffective 
flow areas included reaches with rapid channel expansions (greater than 
4:l) 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. 

E. 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. 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. 

B. OcotiPlo 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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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. Fltmdway Widths 

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

ELNATION 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 workrnap. 

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

Sincerely, 

CH2M HILL 

*A 
Steven R. Walker, P.E. 
Project Manager 
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Federal Emergency Management Agency 
Washington, D.C. 20472 

"3, 0 ) .  (202) 646-3458 

CERTIFIED MAIL 
RETURN RECEIPT REQUESTED 

Mr. Ron Nevitt 
Flood Control District of 
Maricopa County 

3335 West Durango Street 
Phoenix. Arizona 85009 

IN REPLY REFER TO: 
65-POST 

Date: ? 1?41 
Case Number: 90-09-87P 
Re: Cave Creekt~arefree 

Floodplain Study 
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 wouid 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, 

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

Enclosure 

cc: 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 
Id Flood Control District of 

Maricopa County 



@ + Federal Emergency Management Agency 
Washington, D.C. 20472 
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Case No.: 90-09-87P 

Re: Cave creeklcarefree 
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: F?,& 5? 1941 

Community: Maricopa County, Arizona 
Cave creeklcarefree 

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 CreekICarefree 
Flood Delineation Study," prepared by CH2M Hill, dated March 1990, in 
the submitted HEC-1 models for these streams. The River Mile (RM) 
locations where these discrepancies occur are listed below. 

Stream Location 

Willow springs Wash 
Willow Springs Wash, Tributary 1 

Willow Springs Wash, ~ributary 2 
Willow Springs Wash, Tributary 2A 
Willow Springs Wash, Tributary 4 

Willow Springs Wash, Tributary 5 

RM 4.95 
RM 0.98 
RM 2.82 
RM 1.31 
RM 0.52 
RM 0.52 
RM 0.98 

Above confluence with 
Willow Springs Wash, 
Tributary 5A 

As discussed in our April 26, 1991, telephone conversation, these 
discharges were developed using discharge per weighted area 
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I calculations. Please submit the supporting calculations for these 
discharges. 

I 11. HYDRAULICS 

A. Ocotillo Wash-Split Flow Analysis 

1 We have reviewed the split flow analyses submitted with your letter 
dated February 13, 1991, as we requested in our June 29 letter. 

I 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 

I 
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 9EC-2 model (identified as "west Braid") 
was then run for the west braid of Ocotillo Wash, based on the 

I 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 

I 
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 Ocotillo Wash. 

I As discussed in our Aprll 26, 1991, telephone conversation, our 
review of the submitted models revealed the following three 

I concerns : 

1. The first concern regarding the "split flow" HEC-2 hydraulic 

I 
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 

I 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 

I was based on a ridge located where the flow splits. Please 
explain in writing the use of the weir flow option, including 
the reason for choosing this method and the impact of using 

I 
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, is that the "West 

I 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 

I 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 

I 
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 is shown as 
approximate. 

I 
I 

I 



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 =fs, 
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 BEES should 
reflect the existing conditions and be based on the "split 
flow" HEC-2 hydraulic model, which accounts for 2,132 cfs 
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 
observations 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." 

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 
Ocotillo Wash 3090 

Please revise the HEC-2 hydraulic 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 r~ewly submitted culvert calculations raised the 
following three concerns that should be addressed: 

1. The submitted report does not describe the derivation of the 
outlet velocities. Please explain how the outlet velocities 
were derived. 



2. In the HEC-2 model for willow Springs Wash Tributary 5, 
reference is made to a 40- by 27-inch corrugated metal pipe 
arch culvert. However, this culvert is not modeled. Please 
explain this discrepancy. 

3. According to the Willow Springs Wash Tributary 5 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. 

111. MAPPING 

A.  Ocotillo Wash 

Our review of the HEC-2 hydraulic computer models and topographic 
work map entitled "Cave CreekICarefree 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 

B. Floodwav 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. 

Stream 
Width 

Cross Sections HEC-2 Model Map 

Ocotillo Wash 2.97 
Ocotillo Wash, Tributary 3 1.19 

Please revise the HEC-2 models, the work maps, or both, to resolve 
these discrepancies. 
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CH2M HILL Phoena Offrce, 1620 West Fountarnhead Parkway, Surte 550 P 0 Box 28440 602 966 8188 

3 Tempe, Arizona 85285-8440 

Engineers 
P/anners 
Economists 
Scientists 

August 23, 1991 

Ms. Jan Opstein 
Flood Control District of Maricopa County 
3335 W. Durango Street 
Phoenix, Arizona 85009 

Dear Ms. Opstein: 

Subject: Cave CreekICarefree Flood Insurance Study 

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

I. HYDROLOGY 

The stream reaches referred to in the May 8, 1991 letter were modeled usins 
discharges estimated by assuming a unit discharge for each subbasin as estimated 
using the HEC-1 model. The discharge per unit area was then used to estimate 
discharges for channel reaches in the watershed. The supporting calculations are 
shown in Table 1. 
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11. 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. 
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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 equal 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. 

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 
Highway Administration Model HY8 was used to revise the calculations and to 
estimate outlet velocities. The results were used to revise the H E C 2  model. 
Calculations and documentation are attached. 

11. 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. 
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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 



OCOTILLO WEST BRAID 
HYDRAULIC COMPUTATION 

Section 2.65 through 3.09 



CROSS-SECTIONAL ANALYSIS 

t: CAVE CREEK FIS 
Sect ion Descript ion: XS-1 

5 878.00 2344.50 
905.00 2345.50 
935.00 2345.50 
950.00 2344.00 
970.00 2345.50 
985.00 il 995.00 

2345.50 
2344.00 

12 1010.00 2344.00 
1030.00 2345.00 
1125.00 2347.50 

hannel Slope = 0.0276 ft./ft. 

Preparer: 0.STOUGH 
JobU: PHX27815.AM 
Date: 08-19-1991 

MANNINGS n 
( t o  Next 8 )  
----...-.-. 

.045 

.04 

.04 

.04 

.04 

.045 
.04 
.04 
.045 
.04 
.04 
.04 
.045 

epth = 3.40 ft. 
L SLope = 0.0276 f t . / f t .  

NOTES S T A - f t  MAN." AREA-sf WT.P-ft CONVCK) 0 - ( c f s )  V-fps Fr.# TW(ft) 

777.0 
0.040 206.59 128.27 10573.7 1756.63 8.50 1.18 128.0 

lGHT BANK 905.0 

= 2347.10 ft. 

= 3.10 ft. 
1 Slope = 0.0276 f t . / f t .  

NOTES STA-ft MAN.n AREA-sf WT.P-ft CONV(K) P-(cFs) V-fps Fr.# TU(ft) - - - - -  - - - - - -  - - - - -  -..---- - - - - - - -  - - - - - - -  -----.- - - - - -  - - - -  - - - - - -  
F I N ~ ~  781 .I 



It = 2345.80 f t .  

= 1.80 f t .  
:hanne: S l o p e  = 0.0276 f t . l f t .  

NOTES S T A - f t  MAN." AREA-sf  WT.P- f t  CONV(K) 0 - ( c f s )  V - f p s  Fr.# T W ( f t )  
.---- -.---- --.-- -----.- ----..- ..--... ..-...- --.-- --.- - - - - - -  

EFT BANK 799.0 

167.79 224.37 5969.8 991.78 5.91 1.20 224.0 

I.S.E. = 2345.87 f t .  
= 1.87 f t .  
L S L o p e  = 0.0276 f t . / f t .  

NOTES S T A - f t  MAN." AREA-sf W T . P - f t  CONV(K) 0 - ( c f s )  V - f p s  Fr.# T W ( f t )  



CROSS-SECTIONAL ANALYSIS ........................ 

CAVE CREEK FIS 
ss section Description: XS-2 

MANNINGS n 
STA(ft) ELEV (f t) (to Next #)  - - - - - - - - - - - - - - - ----------- 
925.00 2370.50 -055 
940.00 2366.50 .055 
980.00 2367.00 .035 

1000.00 2364.00 .035 

RATING CURVE ------------ 

WT. P-f t CONV (K) - - - - - - - - - - - - - - 
0.00 0.0 
13.38 56.2 
18.95 344.2 
24.53 880.6 
30.10 1699.4 
35.67 2837.6 
83.18 4443.4 
87.32 7131.9 
91.46 10545.0 
95.95 14931.6 
100.44 19998.8 
104.93 25732.4 
109.42 32123.9 
113.91 39168.8 

RATING CURVE 

WSE (f t) 

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

Pr. # ---- 
0.00 
1.02 
1.18 
1.26 
1.32 
1.37 
1.67 
1.46 
1.40 
1.41 
1.42 
1.43 
1.44 
1.45 

TW (ft) ------ 
0.0 
13.3 
18.8 
24.3 
29.8 
35.2 
82.6 
86.6 
90.6 
95.0 
99.4 
103.8 
108.1 
112.5 

AREA-sf - - - - - - - 
81.36 
85.51 
89.67 
93.83 
98.04 

102.26 
106.50 
110.77 
115.03 
119.34 
123.66 

ft. 

WT. P-f t CONV (K) 
- - - - - - - - - - - - - - 
83.18 4443.4 
83.60 4676.9 
84.01 4918.8 
84.42 5167 -7 
84.84 5425.7 
85.25 5691.5 
85.67 5964.9 
86.08 6246.0 
86.49 6533.0 
86.91 6828.8 
87.32 7131.9 

TW (ft) ------ 
82.6 
83.0 
83.4 
83.8 
84.2 
84.6 
85.0 
85.4 
85.8 
86.2 
86.6 

D th = 3.37 ft. Q 



(Innel Slope = 0.0296 ft./ft. 

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

k k T  BANK 936.7  
0 .055 26.22 43.38 507.9  87.39 3.33 0 .75 43.3 

I f H T  BANK 980 .0  
0 .035 86.26 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 

-. - .. -- 



CROSS-SECTIONAL ANALYSIS 

cross section Description: XS-3 

STA(ft) ELEV (ft) 
MANNINGS n 
(to Next #)  ----------- 
-045 
.045 
.045 
.035 
.035 
.035 
.045 
.045 - 

/#nnel Slope = 0.0445 ft./ft. 

RATING CURVE ------------ 

a ( f t )  D(ft) AREA-sf ---- ----- - - - - - - - 
2390.00 2.00 86.00 

mi: :: 2.05 89.33 
2.10 92.72 

2390.15 2.15 96.15 

Hi: ;: 2.20 99.66 
2.25 103.22 

0.30 2.30 106.84 g; ?I; 2.35 110.52 
2.40 114.23 
2.45 118.03 

2390.50 2.50 121.88 
.E. = 2390.19 ft. 
h = 2.19 ft. 

Slope = 0.0445 ft./ 

WT. P-f t CONV(K) 
- - - - - - - - - - - - - - 

0.00 0.0 
31.55 301.6 
43.10 1088.1 
54.64 2414.3 
66.19 4359.3 
77.74 7001.9 
93.60 10662.1 
109.47 15205.7 
125.33 20735.1 

RATING CURVE ------------ 

ft. 

CONV (K) - - - - - -- 
4359.3 
4591.1 
4830.0 
5074.8 
5328.1 
5588.6 
5856.5 
6131.9 
6413.3 
6703.8 
7001.9 

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

Fr. # ---- 
1.65 
1.66 
1.66 
1.67 
1.67 
1.68 
1.68 
1.69 
1.69 
1.70 
1.70 

TW (ft) ------ 
66.0 
67.2 
68.3 
69.4 
70.6 
71.8 
72.9 
74.1 
75.2 
76.3 
77.5 



----- ------ ----- ------- ------- ------- ------- ----- ---- ------ 

I T BANK 952.2 
0.035 98.95  70.58 5276.8 1113.15 11.25 1.67 70.4 

HT BANK 1022.5  



CROSS-SECTIONAL ANALYSIS ........................ 
X-SECT.BAS/V.l 

Preparer: D-STOUGH 
Job#: PHX27815.M 

cross Section Description: XS-4 Date: 08-19-1991 

d MANNINGs n 
NO. STA(ft) ELEV(ft) (to Next # )  

d nnel Slope = 0.0410 ft./ft. 

.E. = 2406.50 ft. 
i, a D~~ = 2.50 ft. 

nnel Slope = 0.0410 ft./ft. 

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

------- ------- ------- ------- ----- ---- ------ 
ALS : 84.38 57.84 5390.4 1091.47 12.94 1.88 57.5 

- -- . .. .. . - -. _ . _ ..- . 
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WILLOW SPRINGS TRIBUTARY 5 
CULVERT COMPUTATION 



I 1 

m E N T  DATE: 06-17-1991 FILE DATE: 06-17-1991 
URRENT TIME: 14:28:50 FILE NAME: WST5 

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

......................... FHWA CULVERT ANALYSIS .......................... 
.......................... mr HY-8,  VERSION 3.2 ****x***************x******* ............................................................................... 

SITE DATA .......................... II' L 
INLET OUTLET CULVERT 

11 ; ELEV. ELEV. LENGTH 
(FT) (FT) (FT) ________________-__------- 

1 2104.50 2102.10 50.06 
2 2104.50 2102.10 @ 3 50.06 

r, H , 

CULVERT SHAPE, MATERIAL, INLET ............................................... 
BARRELS 
SHAPE SPAN RISE MANNING INLET 
MATERIAL (FT) (FT) n TYPE ............................................... 
3 CSP 3.50 3.50 .024 CONVENTIONAL 
1 CMPA 3.50 2.42 .025 CONVENTIONAL 

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

arrPoliiRY OF CULVERT FLOWS (CFS) FILE: WST5 DATE: 06-17-1991 

ELEV (FT) TOTAL 1 2104.50 1 2 3 4 5 6 ROADWAY ITR 
0 0 0 0 0 0 0 0 0 

2106.60 100 7 6 24 0 0 0 0 0 4 
2107.93 200 158 4 2 0 0 0 0 1 2109.55 0 4 

300 244 56 0 0 0 0 0 4 
2111.80 400 3 3 0 7 1 0 0 0 0 0 4 
2114.69 500 413 3 6 0 0 0 0 0 4 
2117.41 6 0'0 476 100 0 0 0 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 1 2119.03 900 502 100 0 0 0 0 297 3 

1000 500 100 0 0 0 0 398 3 
2117.10 568 470 9 8 0 0 0 0 OVERTOPPING 

I ................................................................................ 
................................................................................ 

I 
SUMMARY OF ITERATIVE SOLUTION ERRORS FILE: WST5 DATE: 06-17-1991 

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

I 2104.50 0.00 0 0 0.00 
2106.60 0.00 100 - 0 -0.02 
2107.93 0.00 200 -0 -0.01 

I 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 1 2118.36 

-0.00 631 1 0.12 
-0.00 800 1 0.10 

2118.71 -0.00 900 1 0.15 

I 2119.03 -0.00 1000 2 0.15 
................................................................................ 
<1> TOLERANCE (FT) = 0.010 <2> TOLERANCE (%)  = 1.000 

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



URRENT DATE: 06-17-1991 
URRENT TIME: 14:28:50 

FILE DATE: 06-17-1991 
FILE NAME: WST5 

............................................................................... 
CULVERT # 1 ***x**+*******x**x**x**x*x  

PERFORMANCE CURVE FOR 3 BARREL (S) 

0 HWE TWE I CA OCH FLOW CCE FCE TCE VO = 
( ft) (ft) (ft) (ft) TYPE (ft) (ft) (ft) (fps) 

0 2104.50 2102.10 0.00 -2.40 0-NF 0.00 2104.50 0.00 0.00 
76 2106.61 2102.30 2.11 0.39 6-FF 0.00 0.00 0.00 9.94 

i 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 

**** SITE DATA ***** CULVERT INVERT ************** 
INLET STATION (FT) 690.00 
INLET ELET,'ATION (FT) 2104.50 
OUTLET STATION (FT) 740.00 
OUTLET ELEVATION (FT) 2102.10 
NUMBER OF BARRELS 3.00 
SLOPE (V-FT/H-FT) 
CULVERT LENGTH ALONG SLOPE (FT) 

**** CULVERT DATA SUMMARY ........................ 
BARREL SHAPE CIRCULAR 
BARREL DIAMETER 3.50 FT 
BARREL MATERIAL CORRUGATED STEEL 
BARREL MANNING'S N 0.024 
INLET TYPE CONVENTIONAL 
INLET EDGE AND WALL SQUARE EDGE WITH HEADWALL 
INLET DEPRESSION NONE 



URRENT DATE: 06-17-1991 
TIME: 14:28:50 

FILE DATE: 06-17-1991 
FILE NAME: WST5 

............................................................................... 
CULVERT # 2 .......................... 

............................................................................... 
PERFORMANCE CURVE FOR 1 BARREL(S) 

HWE TWE 
(ft) (ft) 

0 2104.50 2102.10 
24 2106.60 2102.30 

OCH FLOW 
(ft) TYPE 

-2.40 0-NF 
0.15 6-FF 
1.84 6-FF 
3.94 4-FF 
6.48 4-FF 
9.66 4-FF 
12.91 4-FF 
13.36 4-FF 
13.89 4-FF 
14.36 4-FF 
14.76 4-FF 

CCE FCE 
(ft) (ft) 
0.00 2104.50 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 

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

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 

**** SITE DATA ***** CULVERT INVERT ************** 
INLET STATION (FT) 690.00 
INLET ELEVATION (FT) 2104.50 
OUTLET STATION (FT) 740.00 
OUTLET ELEVATION (FTI 2102.10 . , 
NUMBER OF BARRELS 
SLOPE (V-FT/H-FT) a CULVERT LENGTH ALONG SLOPE (FT) 

***** CULVERT DATA SUMMARY ........................ 
BARREL SHAPE PIPE ARCH 
BARREL SPAN 42.00 FT 
BARREL RISE 29.00 FT 
BARREL MATERIAL STEEL OR ALUMINUM 
BARREL MANNING'S N 0.025 
INLET TYPE CONVENTIONAL 
INLET EDGE AND WALL PROJECTING 
INLET DEPRESSION NONE 



URRENT DATE: 06-17-1991 
, CURRENT TIME: 14:28:50 

FILE DATE: 06-17-1991 
FILE NAME: WST5 

ir ............................................................................... **+******x*x**xx**********  TAILWATER .......................... 
............................................................................... 
............................................................................... 

TAILWATER RATING CURVE 

FLOW (CFS) 
0 

100 
200 
300 
400 
500 
600 
631 
800 
900 
1000 

W.S.E. (FT) 
2102.10 
2102.30 
2104.20 
2104.60 
2104.85 
2105.00 
2105.20 
2105.60 
2106.10 
2106.60 
2107.00 

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

......................... ROADWAY OVERTOPPING DATA * * * * * * * * * * * * * * * * * * * * * * * * A *  

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

[I ROADWAY SURFACE 
EMBANKMENT TOP WIDTH (FT) - . . 
CREST LENGTH (FT) fl OVERTOPPING CREST ELEVATION (FT) 

GRAVEL 
30.00 



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 CreekICarefree FIS 

As you requested, I have prepared a brief summary of the results of the hydraulic 
analysis of the culverts in the study reaches of this project. Following discussions with 
FEMA's review contractor. I 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 ftls. 

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 

CH2M HILL Phoenix Office. 1620 West Fountainhead Parkway, Suite 550. P.O. Box 28440 602.966.8188 
Tempe, Arizona 852858440 



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 b lve r t  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 csing fiorma! depth or tai1v:ater dcpth, 
which ever was higher. The attached table summarizes the results of the computations. 



7 Culvert Summary 

11 OCT. 4 I 600 1 1 - 3'CMP 1 83 1 83 1 0 I yes I 11.7 1 2215.17 11 

Stream 

OCT. 3 

Cross- 
section 

280 
460 

WST. 5 

Culvert 
Description 

I - 3'CMP 
3 - 3 ' C M P  

700 

Qloo 
(cfs) 

296 
296 

3 - 3.5' CMP 
1-29" x 42" CMPA 

Qloo Pipe 
(cfs) 

131 
180 

63 1 

QIOO Weir 
(cfs) 

165 
116 

481 
100 

Is Outlet 
Submerged 

No 
No 

50 

Outlet Velocity 
(n/s) 

10.4 
3.5 

Yes 
Yes 

100-yr. 
WSE 

2209.23 
2226.67 

16.65 
15.36 

2117.61 
2117.61 



[I Section 34.70, Upstrm, NcH = 0.05, N, = 0.07 Section 35.37, Upstrm, PI,, = 0.045, No, = 0.055 Section 35.37, Dnstrm, N,, = 0.06, No, = 0.06 

Y 
Section 35.37, Dnstrm, N,, = 0.06, No, = 0.06 Section 36.33, Dnstrm, N,, = 0.08, No, = 0.065 Section 36.33, Upstrm, N,, = 0.08, No, = 0.065 

I 
€? 
n 

MCFCD 
CAVE CREEK - FIS 

CAVE CREEK PHOTO DATE: 10-4-89 (ROLLS 1,2) 
PROJECT: LA0278 15.H2 



1 fl Section 2.35, Dnstrm, NcH = 0.03, No, = 0.045 Section 2.70, Upstrm, N,, = 0.035, No, = 0.05 Section 2.95, Upstrm, NcH = 0.04, No, = 0.045 

Section 3.30, Upstrm, N,, = 0.04, No, = 0.055 Section 3.55, Dnstrm, N,, = 0.035, No, = 0.055 1 0  Section 3.08, Dnstrm, N,, = 0.045, No, = 0.06 

MCFCD 
CAVE CREEK - FIS 

WILLOV\r SPRINGS WASH PHOTO DATE: 10-9-89 (ROLLS 6,7) 
PROJECT: LA0278 15.H2 



Ph 37 

Section 1.75, Dnstrm, N,, = 0.025, No, = 0.045 
Narrows 

Ph 35 

Section 1.70, Dnstrm, NcH = 0.03, NoB = 0.045 

Ph 36 

Section 1.75, Upstrm, N,, = 0.025, No, = 0.045 
Narrows 

Section 1.85, Upstrm, NcH = 0.025, No, = 0.045 
n Section 1.93, Upstrm, N,, = 0.025, No, = 0.045 

at Confluence Trib. 2 1 Trib. 3 
Section 2.35, Upstrm, NcH = 0.03, No, = 0.045 

MCFCD 
CAVE CREEK - FIS 

WILLOW SPRINGS WASH PHOTO DATE: 10-9-89 (ROLL 6) 

PROJECT: LA0278 15.H2 



Ph 15 Ph 16 Ph 17 n Section 0.00, Upstrm, N, = 0.03, No, = 0.05 Section 0.30, Upstrm, NCH = 0.03, No, = 0.05 Section 0.88, Dnstrm, N,, = 0.035, No, = 0.065 

[1 
Confluence Cottonwood WashICave Creek 

I Section 0:88, Upstrm, N,, = 0.035, No, = 0.065 Section 1.40, Upstrm, NcH = 0.045, No, = 0.065 n 
MCFCD 

CAVE CREEK - FIS 
PHOTO DATE: 10-4-89 (ROLL 2) 
PROJECT: LA0278 1 5.H2 



0 section 0.29, ~pstrrn, NcH = 0.032, N, = 0.04 Section 0.29, Dnstrrn, N,, = 0.032, No, = 0.04 Section 0.54, Dnstrrn, N,, = 0.035, No, = 0.045 

n 
n 

-- 

Section 0.54, Dnstrrn, N,, = 0.035, No, = 0.045 n 
r? MCFCD 

f l  CAVE CREEK - FIS 
OCOTILLO WASH 

TRIBUTARY 1 A 
PHOTO DATE: 10-5-89 (ROLLS 4,5) 
PROJECT: LA0278 15.H2 



Ph 12 

Section 37.65, Upstrm, NcH = 0.035, No, = 0.065 

u 

n 
r? MCFCD 
fl CAVE CREEK - FIS 

Ph 13 

Section 37.65, Dnstrm, NcH = 0.035, No, = 0.065 

CAVE CREEK 

Ph 14 

Section 38.70, Dnstrm, NcH = 0.06, No, = 0.065 

PHOTO DATE: 10-4-89 (ROLL 2) 
PROJECT: LA0278 15.H2 



~ ~~ - 

( Section 36.60, Upstrm, NcH = 0.08; NoB = 0.065 Section 36.60, Dnstrm, NcH = 0.08, No. = 0.065 Section 36.95, Upstrm, Nc, = 0.08, N, = 0.065 
Dnstrm Constriction IUpstrm Ineffective Flow 

[1 

- 

Section 37.40, Upstrm, NcH = 0.035, No, = 0.065 Section 37.40, Dnstrm, W,, = 0.035, No, = 0.065 

n Gauging Station 

i' MCFCD 
n CAVE CREEK - FIS 

CAVE CREEK PHOTO DATE: 10-4-89 (ROLL 2) 
PROJECT: LA0278 15.H2 



1 Section 0.70, Upstrm, NcH = 0.035, N, = 0.065 Section 0.70, Dnstrm, NcH = 0.035, No, = 0.065 Section 0.70, Dnstrm, NcH = 0.035, N, = 0.065 

Ph 24 Ph 25 

Section 0.90, Dnstrm, NcH = 0.03, No, = 0.05 Section 1.90, Dnstrm, NcH = 0.03, No, = 0.05 

In 
Section 0.90, Upstrm, NcH = 0.03, No, = 0.05 

MCFCD 
CAVE CREEK - FIS 

WILLOW SPRINGS LJASH 
TRIBUTARY 1 

PHOTO DATE: 10-4-89 (ROLLS 1,2) 
PROJECT: LA0278 15.H2 



Ph 47 Ph 48 

n Section 3.81, Upstrm, N, = 0.04, N.. = 0.055 Section 3.93, Upstrm, N,, = 0.04, N,, = 0.055 

MCFCD 
CAVE CREEK - FIS 

WILLOW SPhiNGS WASH PHOTO DATE: 10-9-89 (ROLL 7) 
PROJECT: LA0278 15.H2 



I I MCF CD n CAVE CREEK - F IS WILLOW SPRINGS WASH 
TRIBUTARY 1 



- 

1 I Section 2.10, Dnstrm, W, = 0.03, No. = 0.04 Section 2.10, Upstrm, NcH = 0.03, No, = 0.04 

B T 
, [I Ph" 
- 

~ecdon 2.17, Upstrm, N, = 0.035, No. = 0.04 n ~ick-point 

I/? 

Section 2.30, Upstrm, NcH = 0.03, No, = 0.04 

MCFCD 
CAVE CREEK - .FIS 

VVILLOW SPRINGS WASH 
TRIBUTARY 1 . 

PHOTO DATE: 10-4-89 (ROLL 3) 
PROJECT: LA0278 15.H2 



I I 1 Section, 0.00, Upstrm, NcH = 0.03: No, = 0.04 Section 0.10, Upstrm, NcH = 0.03, No, = 0.04 Section 0.30, Dnstrm, NcH = 0.03, No, = 0.04 
at Confluence Trib. 2 / Trib. 3 

Section 0.1 0, Upstrm, NcH = 0.045, No, = 0.05 

fl TRIBUTARY 2A 
C) 

Section 0.40, Dnstrm, NcH = 0.04, No, = 0.05 
TRIBUTARY 2A 

I I MCFCD WILLOW SPRINGS WASH PHOTO DATE: 10-6-89 (ROLL 6) 

fl CAVE CREEK - FIS TRIBUTARY 2 & 2A PROJECT: LA0278 15.H2 



MCFCD 
CAVE CREEK - F I S  

WILLOW SPRINGS WASH 
lRlbllBMY 1A 



by- 
-:% - : , .. + ,:*>...+J ..* 

P-S '. --A 

Section 0.00, Upstrm, N,, = 0.04,'N0, = 0.05 Section 0.13, Upstrm W,, = 0.04, No, = 0.05 Section 0.35, Dnstrm, N,, = 0.04, No, = 0.05 
Dip Crossing 

Lower Part Passes rough Incised Rock i" 

I Section 0.35, Upstrm, N,, = 0.04, N, = 0.05 Section 0.64, Upstrm, PI,, = 0.04, No, = 0.05 Section 1.13, Dnstrm, N,, = 0.04, No, = 0.05 

MCFCD 
0 CAVE CREEK - FIS 

WlLiOW SPRINGS WASH 
TRIBUTARY 4 

PHOTO DATE: 10-9-89 (ROLLS 6,7) 
PROJECT: LA0278 15.H2 



1.1 Section 0.00, Upstrm, NcH = 0.05; No, = 0.06.- Section 0.21, Dnstrm, NcH = 0.04, No, = 0.05 Section 0.46, Dnstrm, NcH = 0.04, No, = 0.05/ 

Section 0.69, Upstrm, Culverts 

C 
I . .i 
P 

MCFCD 
I i CAVE CREEK - FIS 

Section 0.69, Upstrm, Culvefls Section 0.79, Dnstrm, NcH = 0.035, No, = 0.045 
Dnstrm Culverts Visible 

WkLOV\r SPRlh6S WASH PHOTO DATE: 10-4-89 (ROLL 3) 
TRIBUTARY 5 PROJECT: LA0278 15.H2 



I 1 ! Section 0.80, Dnstrm, NcH = 0.035, No, = 0.045 Section 0.89, Dnstrm, NcH = 0.035, No, = 0.045 Section 0.89, Upstrm, N, = 0.035, N, = 0.045 

I Ph 64 I ! Ph 65 

Section 1.04, Upstrm, NcH = 0.035, No, = 0.045 Section 1.15, Dnstrm, NcH = 0.035, No, = 0.045 
ri 

MCFCD 
CAVE CREEK - FIS 

WILLOW SPRINGS WASH PHOTO DATE: 10-4-89 (ROLL 3) 
TRIBUTARY 5 PROJECT: LA0278 15.H2 



MCFCD 
CAVE CREEK - F I S  

FLEMING SPRINGS WASH 
TRIBUTARY 1 

- 



UCFCD 
CAVE CREEK - F IS 

FLEMING SPRINGS WASH 
TRIBUTARY 1 



I 
[ I  Section 1.60, Dnstrm, NcH = 0.035, N, = 0.045 Section 1.60, Upstrm, NcH = 0.035, No. = 0.045 Section 1.75, Upstrm, NcH = 0.035, NoB = 0.045 

- Section 1.75, Dnstrm, NcH = 0.035, No, = 0.045 Section 1.88, Upstrm, NcH = 0.035, No, = 0.045 Section 1.88, Dnstrm, N,, = 0.035, No, = 0.045 
! I 

MCFCD 
CAVE CREEK - FIS 

OCUTILLO WASh 
MAIN 

PHOTO DATE: 10-5-89 (ROLL 3) 
PROJECT: LA0278 15.H2 



Ph 72 Ph 73 Ph 74 

!l section 2.08, Dnstrm, N.. = 0.035, N., = 0.045 Section 2.10, Upstrm, N, = 0.035, N, = 0.045 Section 2.10, Upstrm, NcH = 0.035, N, = 0.045 

n Ineffective Flow Area East Braid Above Confluence East Braid Above Confluence 

I,,. I 

Section 2.10, Dnstrm, NcH = 0.035, No, = 0.045 Section 2.50, Dnstrm, N,, = 0.035, No, = 0.045 Section 2.83, Dnstrm, NcH = 0.035, No, = 0.045 n Below Confluence East Braid East Braid 
/7 r i I 

MCFCD 
CAVE CREEK - FIS 

OCOTliLO WASH 
MAIN 

PHOTO DATE: 10-5-89 (ROLLS 3,4,5) 
PROJECT: LA0278 15.H2 



Ph 78 Ph 79 

I Section 2.83, Dnstrm, N, = 0.035, N, = 0.045 Section 3.00, Dnstrm, PI,, = 0.035, No, = 0.05 

n Upper West Braid 

MCFCD 
CAVE CREEK - FIS 

0C;OTILLO WASH 
MAIN 

PHOTO DATE: 10-6-89 (ROLL 6 )  
PROJECT: LA0278 15.H2 



[ section 2.10, ~pstrm, N,. = 0.035, N, = 0.045 Section 2.20, Upstrm, N,, = 0.04, No, = 0.045 Section 2.20, Upstrm, NcH = 0.04, No, = 0.045 

n Right Bank Left Bank 

L 1 - Section 2.20, Dnstrm, N,, = 0.04, .No, = 0.045 Section 2.20, Dnstrm, N,, = 0.04, No, = 0.045 Section 2.50, Dnstrm, N,, = 0.03, No, = 0.055 

L 1 Left Bank Across Section 
r f7 
I 
, I MCFCD 
1 CAVE CREEK - FIS 

OCOTLLO WASH 
LOWER WEST BRAID 

PHOTO DATE: 10-5-89 (ROLLS 4,6) 
PROJECT: !LA0278 15.H2 



Ph 86 Ph 87 

fl Section 2.50, Dnstrm, N, = 0.03, No, = 0.055 Section 2.82, Dnstrm, NcH = 0.03, No, = 0.05 
East Braid West Side at Biforkation 

Section 0.00, Upstrm, N,, = 0.035, No, = 0.045 Section 0.73, Upstrm, NcH = 0.04, No, = 0-045 Section 0.73, Dnstrm, NcH = 0.04, No, = 0.045 
I7 
I I at Confluence Mainnrib. 1 

L .. MCFCD 
CAVE CREEK - FIS 

CjCOTlLLO WASH 
LOWER WEST BRAID & TRIB.l 

PHOTO DATE: 10-6-89 (ROLL 6) 
PHOJECT: LA0278 15.H2 



Ph 95 Ph 96 Ph 97 

fl Section 0.00, Upstrm, N, = 0.04, No, = 0.05 Section 0.34, Upstrm, NcH = 0.045, No, = 0.045 Section 0.34, Dnstrm, NcH = 0.045, No, = 0.045 

7 at Confluence Mainnrib. 2 

Ph 99 Ph 100 

Section 0.34, Dnstrm, NcH = 0.045, No, = 0.045 Section 0.60, Dnstrm, PIcH = 0.04, No, = 0.04 Section 0.60, Upstrm, NcH = 0.035, No, = 0.045 n Well Shack 
f 

i 
i? 

MCFCD 
CAVE CREEK - FIS 

OCOT ILLO VvASH 
TRIBUTARY 2 

PHOTO DATE: 10-5-89 (ROLLS 3,4) 
PROJECT: LA0278 15.H2 



Ph 101 

Section 0.47, Dnstrm, NcH = 0.055, No, = 0.055 
7 

Section 0.47, Dnstrm, NcH = 0.055, No, = 0.055 
.- 

Section 0.47, Upstrm from Crossing 

Ph 104 

Section 0.68, Dnstrm Culvert 
Ph 105 

Section 0.86, Dnstrm, NcH = 0.045, No, = 0.055 

MCFCD 
CAVE CREEK - FIS 

OCOTILLO WASH 
TRIBUTARY 3 

PHOTO DATE: 10-5-89 (ROLL 5) 
PROJECT: LA0278 15.H2 



Ph 108 Ph 107 Ph 108 

/1 section 0.00, ~pstrm, N, = 0.035, N, = 0.045 Section 0.28, Upstrm, N, = 0.035, No, = 0.045 Section 0.55, Upstrm, NcH = 0.04, NoB = 0.05 

1 - 
Section 0.55, Dnstrm, NcR = 0.04, No, = 0.05 

@ 
Section 0.59, Upstrm, N, = 0.04, NoB = 0.05 Section 0.60, Dnstrm 

[! 3 6  CMP Culvert w190 Degree Headwall 3 6  CMP Culvert w190 Degree Headwall 

MCFGD 
CAVE CREEK - FIS 

OCOTILLO VvASH 
TRIBUTARY 4 

PHOTO DATE: 10-6-89 (ROLL 5) 
PROJECT: LA0278 15.t-12 



Ph 112 Ph 113 Ph 114 

ri Section 0.84, Dnstrm, N, = 0.045, N, = 0.045 Section 0.84, Upstrm, N, = 0.025, N, = 0.045 Section 0.89, Dnstrm, N, = 0.025, NoB = 0.045 

rl Second Road Crossing Second Road Crossing First Road Crossing 

Ph 115 

Section 0.89, Upstrm, N,, = 0.045, No, = 0.045 

First Road Crossing 

MCFCD 
CAVE CREEK - FIS 

Ph 116 

Section 1.12, ~nstrm, N,, = 0.045, N, = 0.045 

TRIBUTARY 4 

PHOTO dATE: 10-6-89 (ROLL 5) 

PROJECT: LA0278 15.H2 



Ph 117 Ph 118 Ph 119 

Section 1.10, Dnstrm, NcH = .O.025, No, = 0.045 Section 1.10, Upstrm, NcH = 0.025, NoB = 0.045 Section 1.15, Upstrm, NcH = 0.035, N, =.0.045 
All 3 Braids n 

. ~ 
~ .~ 

, ~.~ . 

Ph 121 Ph 122 

Section 1.34, Dnstrm, N,, = 0.032, No, = 0.05 Section 1.34, Across, NcH = 0.032, No, = 0.05 Section 1.34, Upstrm, N,, = 0.032, No, = 0.05 

r! 

MCFCD 
CAVE CREEK - FIS 

ROWE WASH 
MAIN 

PHOTO DATE: 10-9-89 (ROLL 7) 

PROJECT: LA0278 15.H2 



ZH'S 18LZOV-I :133f Otld 
(L i~otl) 68-6-0 c :3~.va OLOH~ 

HSWM 3NlA3dtltlE) T? NIVW 
HSVM. 3MOY 



[ 1 Section 0.35, Upstrm, N,, = 0.025, No, = 0.045 Section 0.35, Dnstrm, M,, = 0.025, No, = 0.045 Section 2.00, Upstrm, N,, = 0.025, No, = 0.045 

L :  
- Section 2.50, Upstrm, N,, = 0.025, No, = 0.045 Section 2.50, Dnstrm, N,, = 0.025, No, = 0.845 Section 3.38, Dnstrm, N,, = 0.025, No, = 0.045 

MCFCD 
CAVE CREEK - FIS 

GALLOvVAY WASH 
NORTH TRIBUTARY 

Upstrm Limit 

PHOTO DATE: 10-9-89 (ROLLS 7,8) 

PROJECT: LA0278 15.H2 


