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1.0 INTRODUCTION 

C e l l a  Bar r  Associates (CBA) has been contracted,  by  the  Federal Emergency 
Management Agenc (FEMA), t o  per form a d e t a i l e d  Flood Insurance Study o f  
Sols Wash, f o r  t 51 e incorporated Town o f  Wickenburg, Arizona. The r e s u l t s  
from t h i s  study w i l l  supersede an e x i s t i n g  Flood Insurance Study, 
performed by t h e  U.S. A rmy  Corps o f  Engineers i n  1977. The hydrology f o r  
Sols Wash has been analyzed by var ious  a u t h o r i t i e s  w i t h  c o n f l i c t i n g  
r e s u l t s ,  as discussed l a t e r .  

The purpose o f  t h i s  r e p o r t  i s  t o  re-evaluate the 100-year peak d ischarge 
proposed f o r  use i n  the  Flood Insurance Study f o r  Sols Wash near 
Wickenburq, Arizona, and t o  s o l i c i t  rev iew comments, i f  any. Peak 
discharges f o r  t h e  10, 50, 100 and 500-year events have been developed and 
are  summarized i n  t h i s  repor t .  These discharges a r e  proposed f o r  use i n  
determin ing water sur face e leva t i ons  as w e l l  as t h e  corresponding f l o o d  
hazard f a c t o r s  t o  be employed i n  accordance w i t h  t h e  Flood Insurance Study 
Guide1 i nes and Spec i f i ca t ions .  



2.0 STUDY LOCATION 

The Town o f  Wickenburg i s  loca ted  approximately 53 m i l e s  northwest o f  
Phoenix, Arizona, on U.S. Highway 60 (F igu re  1) .  The area o f  study f o r  
t h e  hyd rau l i c  ana lys is  i s  a 1.5 m i l e  reach o f  Sols Wash, extending 
upstream from t h e  conf luence w i t h  t h e  Hassayampa River  t o  t h e  corporate 
7 i m i t s  (F igure  2). The area covered by t h i s  hydro log ic  ana lys i s  however, 
encompasses a drainage area o f  approximately 146 square m i l e s  extending 
northwest i n t o  the  Date Creek Mountains, w i t h i n  bo th  Maricopa and Yavapai 
Counties. 

Th i s  area i s  charac ter ized by broad, fea ture less ,  v a l l e y s  between n o r t h  
t rend ing  mountains. The topography cons i s t s  o f  a se r ies  o f  h i l l s ,  
mountains, a l l u v i a l  fans and p la ins .  E levat ions  range from a h igh  o f  
4,920 f e e t  i n  t h e  Date Creek Mountains t o  a low o f  o n l y  2.030 f e e t  a t  t h e  
mouth o f  Sols Wash where i t  j o i n s  the  Hassayampa River.  The r e s u l t i n g  
slopes vary from l e s s  than 1 t o  over 14 percent.  

The c l ima te  o f  t h i s  l o c a l e  i s  p r i m a r i l y  semi-desert w i t h  the annual 
p r e c i p i t a t i o n  averaging 11 inches and occu r r i ng  predominant ly i n  the  
summer o r  w in te r .  The summer r a i n s  a r e  associated w i t h  mo is t  a i r  t h a t  
en ters  t h e  s t a t e  from t h e  Gul f  o f  Mexico producing moderate t o  in tense 
af ternoon and evening thundershowers ( S e l l e r s  and H i1  1, 1973). Winter 7 
p r e c i p i t a t i o n ,  however, o r i g i n a t e s  from t h e  P a c i f i c  Ocean and i s  much l e s s  ' 
severe. 

There a r e  marked d i f f e rences  i n  vegeta t ion  w i t h i n  r e l a t i v e l y  sho r t  
d is tances because o f  a wide v a r i a t i o n  i n  s o i l s ,  e leva t ion ,  p r e c i p i t a t i o n  
and temperature. Typical  deser t  vegetat ion, found a t  t h e  lower e leva t i ons  
near Wickenburg inc lude:  creosote bush, p a l o  verde and several v a r i e t i e s  
o f  cac t i .  The in te rmed ia te  e leva t i ons  are  charac ter ized by: grass, 
chaparral ,  pinyon, p ine  and j un ipe r ;  whi le ,  the  h igher  e leva t i ons  are  
marked predominant ly by the  presence o f  oak and chaparral  woadland. 



F i g u r e  1 :  Loca t ion  Map. 
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Figure 2: Study Reaches. 
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3.0 SOILS - 
The geology o f  t h i s  r e g i o n  i s  composed p r i m a r i l y  o f  igneous rocks which 
have exer ted  a s t rong  i n f l u e n c e  on the s o i l  develo ment. Therefore, t h e  K types, ages, and phys ica l  p rope r t i es  o f  t h e  s o i l  c anges throughout t h e  
basin i n  accordance w i t h  the  sediments t h a t  have eroded o f f  the  adjacent  
mountains. Wi th in  t h e  two count ies  the re  are  approximately f i v e  ( 5 )  major 
s o i l  c l a s s i f i c a t i o n s ,  which are: 

1 ) Anthony - Mohave sandy loams (ArA); 1-3% slope; Group B; 
2) Cave - Cont inenta l  g r a v e l l y  sandy loams (CID); 2-30% slope; Group 

C and D; 
3 )  Latene - Mohave complex (LC); 0-3% slope; Group B; 
41 Vekol - Mohave comolex (Vm): G r o u ~  B; and f i n a l l y  
5) C e l l a r  - Lehmans - 'Rock outcrop ~ s s o c i a t i o n ;  5-60% slope; Group C 

and D (SCS, 1976 and 1973). 

These s o i l s  can be d i v i d e d  i n t o  two general types; those found on the  
gent le  s lop ing  p l a i n s  and a l l u v i a l  fans, and those found i n  the  mountains 
and low h i l l s .  The s o i l s  o f  the  p l a i n s  and a l l u v i a l  fans a r e  
predominantly g rave l l y ,  sandy loams. I n  some loca t i ons ,  c a l  i che  i s  found 
j u s t  below t h e  surface. I n  the  mountains and h i l l y  areas, the  s o i l s  a re  
genera l l y  very shal low under la in  by rock outcrops o f  g r a n i t e  and 
volcanics. Bedrock i s  o f t e n  found j u s t  below the  surface, covered by a 
t h i n  l a y e r  o f  cobbles and stones. 



4.0 PREVIOUS STUDIES 

The o r i g i n a l  F lood Insurance Study, performed i n  1975 by t h e  U.S. Army 
Corps o f  Engineers (C.O.E. ) ,  computed a discharge-frequency curve f o r  Sols 
Wash us ing  a d e r i v a t i o n  o f  t h e  discharge-frequency curve developed f o r  t h e  
Ind ian  Bend Wash i n  t h e  Phoenix-Scottsdale area. 

I n  an e a r l i e r  study, the  SCS developed a TR-20 model f o r  t h e  Sols Wash 
watershed, t h e  r e s u l t s  o f  which are  presented i n  Table 1. Curve numbers 
f o r  t h i s  s tudy were ad jus ted  downward t o  r e f l e c t  t h e  e f f e c t s  o f  channel 
i n f i l t r a t i o n .  

I n  1981, PRC Toups Engineering, performed a hydro log ic  ana lys i s  o f  bo th  
Sols Wash and t h e  Hassayampa River,  f o r  t h e  Town o f  Wickenburg. Using 
stream gauge data a v a i l a b l e  f o r  t h e  Hassayampa River,  bo th  upstream and 
downstream o f  the  conf luence w i t h  Sols Wash, discharge-frequency curves 
were developed us ing  a Log-Pearson Type I 1 1  d i s t r i b u t i o n .  The r e s u l t s  
from t h i s  a n a l y s i s  were used t o  c a l i b r a t e  a TR-20 model developed f o r  the  
watersheds o f  the  Hassayampa River  and Sols Wash. A l i m i t e d  number o f  
sub-watersheds were used i n  t h e  model and, i n  p a r t i c u l a r ,  on l y  two 
sub-basins were used t o  model t h e  e n t i r e  Sols Wash Watershed. 

The r e s u l t s  o f  each one o f  these hydrology s tud ies  are  summarized i n  Table 
1 along w i t h  t h e  r e s u l t s  from t h i s  study. 



5.0 METHODOLOGY 

The S o i l  Conservat ion Serv ice 's  (SCS) computer model, TR-20, was used t o  
es t imate  t h e  l o - ,  50-, 100- and 500-year peak d i scha r  es f o r  var ious 4 concen t ra t i on  p o i n t s  a long Sols Wash. The TR-20 mode u t i l i z e s  t h e  method 
o f  a n a l y s i s  descr ibed i n  d e t a i l  i n  the  SCS Nat ional  Engineering Handbook 
Sect ion  4, Hydrology, 1972. Th is  method a l l ows  t h e  p r e d i c t i o n  o f  sur face 
water r u n o f f ,  f o r  an i n d i v i d u a l  watershed, us ing  r a i n f a l l  dura t ion  and 
i n t e n s i t y  data. The TR-20 model prov ides a convenient means o f  p r e d i c t i n g  
t h e  r e s u l t s  o f  storm r u n o f f  from mu1 t i p l e  watersheds. The storm r u n o f f  
f o r  i n d i v i d u a l  watersheds i s  computed and an o u t f l o w  hydrograph 
simulated. I n d i v i d u a l  hydrographs may then be rou ted  and combined t o  
o b t a i n  t h e  cumulat ive downstream e f f e c t ( s 1 .  

The dra inage areas and t r i b u t a r i e s  c o n t r i b u t i n g  t o  f lows i n  each study 
reach a r e  shown i n  F iqure  3 and are  numbered i n  accordance w i t h  the  TR-20 
model. I n d i v i d u a l  c o n t r o l  p o i n t s  and program sequencing are  ill u s t r a t e d  
i n  F igu re  4 and are  shown schemat ica l ly  i n  F igure  5. 

The p r e c i p i t a t i o n  frequencies f o r  the  area were obta ined from i s o p l  u v i a l  
maps prepared by t h e  U.S. Weather Bureau 
r e s u l t i n g  a n a l y s i s  i s  presented i n  
d i s t r i b u t i o n  was used t o  model t h e  
areal  r e d u c t i o n  based upon the 
necessary t o  conver t  from the  p o i n t  a rea l  r a i n f a l l  amount. Using s o i l s  
maps o f  t h e  area, prepared by t h e  SCS, and from s i t e  i nves t i ga t i on ,  r u n o f f  
curve numbers were selected, based upon recen t  i n fo rma t ion  developed by 
the  SCS, and are  l i s t e d  i n  Appendix 5. Time o f  concentrat ions f o r  steep 
and i n c i s e d  washes were computed us ing  t h e  K i r p i c h  equat ion as shown 
be1 ow: 

where: Tc = Time o f  Concentrat ion (hours)  
L = Length o f  Drainage Area [ f e e t )  
H = Change i n  E leva t i on  ( f e e t ) .  

For g e n t l y  s l o p i n g  a l l u v i a l  p la ins ,  much o f  which occur on the  upper 
nor thwest  p o r t i o n  o f  t h e  drainage basin, t r a v e l  v e l o c i t i e s  were est imated 
assuming broad sheet f l o w  and u t i l i z i n g  Manning's equation. 



F I G U R E  5: T R - 2 0  CODING SCHEMATIC 
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6.0 RESULTS 

Results from the TR-20 model f o r  the e n t i r e  Sols Wash drainage basin are  
presented i n  Appendix C f o r  the  2- lo-, 50-, 100- and 500-year storm 
events. The model was r u n  using the input parameters summarized i n  
Appendix B which were based upon f i e l d  investigation and guidelines 
established by the SCS. 

For comparative purposes, the r e s u l t s  of a l l  the preceeding studies,  and 
resu l t s  from t h i s  study a re  summarized i n  Table 1 ,  fo r  the discharge point 
of Sols Wash a t  its confluence with the Hassayampa River. As a fur ther  
comparison, r e su l t s  from each of the studies are plotted i n  the form of 
discharge-frequency curves i n  Figure 6. 

Since there  i s  no gauging s ta t ion  on Sols Wash, and therefore no accurate 
record of h i s tor ic  floods, there  i s  no means to provide calibration of the 
rainfall-runoff model and only a comparison with e a r l i e r  s tudies  i s  
possible. 

The discharge estimates obtained from the TR-20 analysis for  t h i s  study, 
compare we1 1 with the r e su l t s  from both the SCS and PRC Toups. The 
d i  scharge-frequency curve developed by the COE for the 1977 Flood 
Insurance Study has a steeper slope and resu l t s  in a much la rger  100-Year 
peak discharge than the other studies. The SCS, PRC and CBA studies each 
employed the TR-20 model which might explain, i n  par t ,  the closeness of 
the r e s u l t s  although the TR-20 i s  qui te  sensi t ive  t o  changes i n  time of 
concentration and each model employed d i f fe ren t  i n p u t  parameters. 

The ca l ib ra t ion  of the TR-20 model, by PRC, using streamflow data from the 
Hassayampa River, lends fur ther  credence t o  each of the study resu l t s .  I t  
is  thus proposed t h a t  the r e su l t s  from the CBA study, as detailed hereon 
and summarized in Table 1 ,  be employed i n  the hydraulic analysis. 





TABLE 1 

COMPARISON OF DISCHARGES 

FLOODING PEAK D l  SCHARGES ( c f s  ) 
SOURCE METHOD 10-year 50-year 100-year 500-year %\I 

Sols Wash 
a t  conf luence 
W/ Hassayampa 

1. See r e p o r t  by  PRC Toups (1 981 1. 
2. See hydrology by U.S. Army Corps o f  Engineers f o r  Ju ly ,  1977 Flood 

Insurance Study. 
3. 10- and 50-year va lues ex t rapo la ted  us ing 100- and 25-year discharges (See 

r e p o r t  by PRC Toups). 
4.  See Appendix C. 



F I G U R E  6: DISCHARGE-FREQUENCY CURVES 
SOLS WASH 
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APPENDIX B: 

CURVE NUMBERS AND T IME OF CONCENTRATIONS 



Area Area 
No. (mi2)  

Sub-basin C h a r a c t e r i s t i c s .  

Drainage 
Length 
( f e e t )  

Max. 
Elev.  
( f e e t )  

Mi n. 
Elev.  
( f e e t )  

Curve Tc 
No. (hours) 
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TR-20 RESULTS 



SOLS UASH, TOUN OF UICKENBURG FLOOD INSURANCE. STUDY 
TR-20 HYDROLOGY 

1 PROGRbii DRTE - FEB. 14, 1974 S/360 

1 I EXECUTNE CONTROL CARD OPERATION L I S T  

I L I S T I N G  OF DATA I N  CORE 

I 0 0 SOLS WSH, T O M  OF l l C K E N U l 6  FLOOD INWRANCE STUDY 

VELOCITY INCREHENT 
0.2000 

XSECTN NO. 
2 XSECTN 102 

9 ENDTBL 

XSECTN NO. 
2 XSECTN 103 

8 
8 
8 
8 
8 
8 
9 ENDTBL 

.XSECTII NO, 

DRAINAGE AREA 
1*0000 

ELEVATION DISCHARGE END AREA 
0.0000 0.0000 0.0000 
1 +COO0 105.0000 8560000 
2.0000 656.0000 340.0000 
3,0000 1954~0000 ?65<0000 
4.0000 4229+0000 1360~0000 
5.0000 7658s0000 2125~0000 

DRAINAGE REEA 
1,0000 

ELEVATION DISCHARGE END AREA 
0.0000 0.0000 0.0000 
1.0000 185,0000 84,0000 
2.0000 598,0000 176~0000 
3,0000 1200.0000 276,0000 
4.0000 1980.0000 384.0000 
5.0000 294000000 500,0000 

DRAINAGE AREA 



? XSECTN 

a 
9 ENDTBL 

XSECTN NO, 
2 XSECTN 105 

8 
a 
8 
H 
8 
8 
8 
? ENDTBL 

DRAINAGE AREA 
1,0000 

DISCHARGE 
0.oooc 

?08.0000 
688,0000 
1413~0000 
238?,0000 
3620.0000 
5060~0000 

ELEVATION DISCHARGE 
0.0000 0,0000 
1,0000 208.0000 
2.0000 608.0.000 
3.0000 1413.0000 
4,0000 238780000 
5.0000 3620.0000 
6,0000 6080,0000 

XSECTN NO, DRAINAGE AREA 
2 XSECTN 106 1.0000 

ELEVATION DISCHARGE 
8 0.0000 O+OOOO 

XSECTN NO* 
2 XSECT~I lorn 

8 
8 
8 
6 
8 
" 

? ENDTBL 

DRAINAGE AREA 
1~0000 

END AKER 
0.0000 

88.0000 
192~0000 
31?.0000 
448,0000 
600~0000 
1200.0000 

END AREA 
0,0000 
88,0000 \ 

192,0000 - 
31?.0000 
448,0000 
400.0000 
1200,0000 

END AREA 
0~0000 

180,0000 
360.0000 
540~0000 
720.0000 
900.0000 
1600,0000 

ELEVAT!DN D I S M R R G E  END AREA 
O.00OF 0.0000 0,0000 
i,0000 1156+5050 500.0000 
1.5000 226?.0000 750,0000 
2.0000 3660,5000 1000~0000 
2,5000 5301.0000 1250.0000 
3.5000 713Ot0O00 2050+0000 

XSECTH NO* DRRINABE AXEA 
2 XSECTli 110 1.0000 

8 
8 
8 
8 
8 
8 
8 
9 ENDTBL 

E L E V h i i O N  DISCHARGE 
0.0000 0,0000 
1,0000 430.0000 
2.0000 1494,0000 
3,0000 3208,0000 
4.0000 5641,0000 
5.0000 8666,0000 
6.0000 14300.0000 

END AREA 
0.0000 

180.0000 
420.0000 
720.0000 
108000000 
1500.0000 
2300.0000 



XSECIN NO* 
2 XSECTN 111 

8 .  
8 
8 
8 
8 
a 
8 
9 ENDTBL 

XSECTN NO, 
2 XSECTN 112 

8 
8 
8 
8 
8 
8 
a 
4 ENDTBL 

XSECTN NO, 
2 XSECTN 115 

8 
8 
8 
8 
8 
8 
8 
9 ENDTBL 

XSECTN Nil. 
2 XSECTti 116 

8 
8 
8 
8 
8 
a 
8 
9 ENDTBL 

XSECTN NO. 
2 XSECTN 117 

IIRAlNAiiE AREA 
1 .oooo 

ELEVATION 
0,0000 
1.0000 
2,0000 
3,0000 
4,0000 
5.0000 
6.0000 

DISCHARGE 
0.0000 

4 ~ 0 * 0 0 0 0  
1494.0000 
3?08.0000 
5641 .OOOO 
8666~0000 

14300.0000 

DRAINAGE AREA 
1,0000 

DRAINAGE AREA 
1.0000 

ELEVATION 
0,0000 
1.0000 
240000 
3+0000 
4.0000 
5.0000 
6.0000 

DISCHARGE 
0,0000 

430+0000 
1194*0000 
3208.0000 
5641,0000 
886630000 

14300.0000 

DKAIHAGE AREA 
1.0000 

ELEVATION BISC'IARGE 
0.0000 0.0000 
1.0000 430~0000 
2.0000 1494.0000 
3,0000 3208.0000 
4.0000 5641,0000 
5!0000 8866.0000 
6,0000 14300+0000 

DRAINAGE AREA 
1,0000 

Eiin RREA 
0.COOO 

190,0000 
420 +0000 
720+0000 

1080.0000 
1500.0000 
2300.0000 

END RREA 
0,0000 

180.0000 
420.0000 
720.0000 

1080.0000 
150080000 
2300.0000 

ELEVATION DISCHARGE END AREA 
0.0000 0.0000 0 ~ 0 0 0 0  
1.0000 430.0000 180+0000 
2,0000 1494.0000 420,0000 
3.0300 3208,0000 720+0000 



XSECTN NO+ 
2 XSECTN 116 

I 
9 ENDTRL 

I 
8 
8 
9 ENDTRL 

XSECTN NO, 1 2 x,, 120 

nRAINAGf AREA 
1.0000 

ELEVATION DISCHARGE END kREA 
0,0000 0,0000 0.0000 
1,0000 974.0000 300~0000 
2.0000 3079.0000 600.0000 
3.0000 6025.0000 900 .OOOO 
4.0000 9689.0000 1200~0000 
5,0000 13994,0000 1500.0000 

ELEVATION DISCHARGE END AREA 
0.0000 0.0000 0.0000 
1,0000 974+0000 300aOOOO 
2,0000 3079.0000 600.0000 
3.0000 6025.0000 900,0000 
4,0000 9689.0000 1200~0000 
5,0000 13994+0000 1500.0000 

I 
8 
8 
8 
8 

I 
? ENDTRL 

a 

I 8 
8 
8 

I 
8 
8 
9 ENDTBL 

I XSECTN NO, 
2 XSECTN 122 

I 8 8 

8 

I 8 

DRAINAGE AREA 
1,0000 

ELEMTION DISCHARGE END AREA 
0.0000 0.M)oo 0.0000 
1.0000 974.0000 300.0000 
2,0000 3079.0000 600.0000 
3.0000 6025,0000 900,0000 
4.0000 9669.0000 1200+0000 
5.0000 13994.0000 1500,0000 

ELEVATION DISCHARGE END AREA 
0.0000 0.0000 0.0000 
1 30060 974,0000 300.0000 
2,0000 3079,0000 600+0000 
3.0000 6025,0000 900.0000 
4,0000 9669,0000 1200,0000 
5.0000 13994.0000 1500+0000 

DRAINAGE M E A  
1.0000 

ELEVATION DISCHARGE END AREA 
2210.0000 0.0000 0 ~ 0 0 0 0  
2211,0000 370,0000 130+0000 
2212.0000 1620.0000 335,0000 
2213.0000 3550,0000 570.0000 



" 
8 ??15.3000 96$5.0000 
8 

' 8  

22i660000 15!i5.0000 
2?!7.0000 ??280~0000 

9 ENDTBL 

XSECTN NO, DRAINAGE AREA . .-- 

2 XSECTN 124 1,0000 

I ELEURTION DISCHARGE 
I( 2134.0000 0.0000 

" 

I 8 ' 2139,0000 22670,0000 
8 2140.0000 31230+0000 
9 ENDTBL 

END AREA 
0.0000 

160.0000 
645.0000 
1325.0000 
2125,0000 
304Os00O0 
4070.0000 

\ 

XSEClN NO, DfiR!tiRGE AREA 
2 XSECTN 125 1,0000 

ELEUATION DISCHARGE END AREA 
8 2075.0000 0.0000 0 ~ ~ 0 ~ ~  
8 2076,0000 185.0000 55*0000 
8 2077,0000 b10.0000 12090000 i 

2078.0000 1390+0000 245,0000 
2079.0000 2625~0000 400.0000 

. ,2080.0000 4370+0000 ' 575.0000 . 

2081.0000 7105+0000 . 910~0000 
2082.0000 11610~0000 1605.0000 
208390000 20250.0000 2505+0000 
2084,0000 29100+M)00 3445.0000 

. 9 ENDTBL 

XSECTN NO, 
2 XSECTN 126 

8 
5 
8 
8 
'3 
8 
8 
8 
8 
8 
9 EHDTRL 

XSECTN NO, 
2 XSECTN 127 

DRAINAGE RREA 
1.0000 

ELE:IRTlON DISCHARGE 
2075.0000 0~0000 
?076,1000 185~0000 
207i.0000 616~0000 
2979,0000 !390,SOGF - ;,jr '-P ,0000 26?5,0000 
'980,9t00 43?0,5000 
20el.0000 i105,OOOO 
2082,0000 ll010~0000 
?Oti3.0000 20250,0000 
2094.0000 ~9100~0000 

DRRiHPGE RREA 
1 .oooo 

ELEVATION DISCHARGE 
2075,0000 0~0000 
2076q0000 185~0000 
20i7.0000 610+0000 
2078.0000 1390+0000 
207'?,0000 2625,0000 
20a0, ooco 4370 +oooo 
2081.0000 7105,0000 

END AREA 
0,000F 
55,0000 
120 9 0000 
245.0000 
400+0000 
575$0000 
910.0000 
1605+0F00 
2505.0000 
3445,0000 

END AREA 
0,0000 
55.0000 
120,0000 
245,0000 
400,0000 
575.0000 
910.0000 

... . i:. 
{ ;::::.. . . . . 



XSECTN NO. 
2 XSECTN 129 

DRAINAGE AREA 
1 .oooo 

ELEVATION DISCHARGE 
2075,0000 O+OOOO 
?076.0000 185,0000 
2077.0000 610,0000 
2076,0000 1390.0000 
207?,0000 2625.0000 
2080.0000 4370+0000 
'2081.0000 7105+0000 
2082,0000 11610~0000 
?083.0000 20250,0000 
2064+ObOO 2?100.0900 

8 
8 '  . 0.0000 

B 0,0000 
9 ENDTBL 

I COHPUTED PEAK K FACTOR = 484.00 

END AREA 
0.0000 
55+0000 
120,0000 
245eOOOO 
400.0000 
575.0000 
910.0000 
lb05+0000 
2505+0000 i 
3445,0000 

9 ENDTHL 
STANDARD CONTROL INSTRUCTIONS 

6 RUNOFF 1 2 4 10.3000 77.0000 6.74001 0 0 1 0 1 I 6 REACH 3 1. 4 1 3000.0000 O.OO0O 0.00001 0 0 1 0 1 
6 RUNOFF 1 3 2 4,9000 77.0000 5,82001 0 0 1 0 1 



6 RUHCFF 1 8 2 
6 ADDHrD 4 208 3 2 4 
6 REACH 3 108 4 1 
6 RUNOFF i 9 2 
6 ADDHYD 4 209 1 2 4 
6 RUNOFF 1 10 2 
6 ADDHYD 1 210 2 4 3 
6 REPC!i 3 110 3 1 
6 VUNOFF 1 11 2 .  

A D D H Y l  4 211 1 1 3 
6 REACH 3 111 3 1 
6 RUNOFF I 12 2 
6 A3UHYU 4 212 1 2 3 
6 HEACH 3 112 3 1 
6  RUNOFF^ 13 2 
6 ADBHYD 4 213 1 2 3 
6 RUNOFF 1 14 2 
6 ADDHYD 4 214 3 2 4 
6 RUNOFF 1 15 2 

' . 6 RDDHYD 4 215 4 2 3 
6 REACH 3 115 3 1 . 
6 RUNOFF 1 16 2 
6 ADDHYD 4 216 1 2 3 
6 REACH 3 116 3 1 
6 RUNOFF 1 17 . 2 
6 ADDHYD 4 217 1 2 3 
6 REACH 3 117 3 1 
6 fi~t1OFF 1 18 2 
6 REACH 3 118 2 3 
6 RUNOFF 1 19 4 
6 ADDHYD 4 118 3 4 5 
6 REACH 2 119 5 2 
A RUNGFF 1 10 3 
5 b58H?D 1 ?I? 2 2 4 
6 R.?DHYD 4 226 4 ! 2 
6 hE;ii,3 j i2C 2 j 

A RLiNOFi 1 21 4 
6 GDDHYt! 4 ? l l  3 4 5 
6 REACH 3 121 5 1 
6 RtiNOFF 1 22 2 
6 A D D H Y D  4 221 1 2 3 
6 REACH 3 122 3 1 
6 RUElOiF 1 23 2 
6 ADDHID 4 223 1 2 3 
4 RGNOFF 1 -?;I- 1 
6 ADBHYD 4 224 1 3 4 
6 REACH 3 124 4 1 
6 RUNOFF 1?7- 2 
6 ADaHYa 4 225 1 2 3 
6 RUNOFF 1 26 4 
6 AIlDHYD 4 226 3 4 5 
6 HEACH 3 126 5 1 
6 RUNOFF 1 27 2 
6 4DOW 4 227 1 2 3 
6 RUNOFF 1 ?9 ? 



6 AGDNYC 4 ??8 3 2 ! 100::1 

5 REACH 3 1 3  1 2 800,0000 0.0000 0,00001 0 0 1 ? 1 
3 1,6000 88t0000 1,70001 0 0 1 0 1 

6 (\DMtlvD 4 229 3 : 1 1 0 0 1 0 !  
6 R U C H  3 129 1 ? 1700,0000 0.000G 0,00001 0 0 1 0 1 
6 RUNOFF 1 30 3 0,1000 88.0000 0,!7001 0 0 1 0 1 
6 AilDHYD 4 230 3 2 1 1 0 0 1 0 1  

END OF L IST ING 
I ~ 

OPERATION INCHEW? UAIN  T IUE INCREWENT= 0810 EXECUTIVE CONTROL CARD 
EXECUTIVE CONTROL CARD OPERATION CONPUT, FROM XSECTNiSTKUCi 2/ 0 TO XSECTN/STRUCT 230/ 0 

STARiING TINE: 0,00 RAIN DEPTH= 1.48 RAIN DURATION; 24.00 R A I N  TABLE NO,= 2 S O I L  CONDITION- 2 
ALTERNAiE NO*: 1 STORU NO+= 1 

. .~~~ ~- 
ENDCflP 

1 
PASS. 2 

EXECUTIVE CONTROL CARD OPERATION CONPUT, FROU XSECTNISTRUCT 2/ 0 TO XSECTNlSTRUCT 2301 0 
STARTING TINE= 0,00 R A I N  DEPTH= 2.49 R A I N  DURATION= 24.00 R A I N  TABLE NO,= 2 SOIL  CONDITION= 2 
ALTERNATE NO.= 1 STORH NO.= 2 

ENDCHP 
t 

EXECUTIVE CONTROL CARD OPERATION COMPUTt FRON XSECTN/STRUCT 2/ 0 TO XSECTN/STRUCT 2301 0 
: . STARTING TINE= 0.00 R A I N  DEPTH= 3.51 R A I N  DURATION: 24+00 R A I N  TABLE NO.= 2 SOIL  CONDITION= 2 
1 . : : .  . ALTERNATE NO,= 1 STORH NO+= 3 

, . 

1 
EXECUTIVE CONTROL CARD 

STARTING TIME= 0.00 
ALTERNATE NO+= 1 

ENDCHP 
1 

EXECUTIVE CONTROL CARD 
STARTING TINE= 0*00 
ALTERNATE NO.= 1 

PASS= 4 
OPERATION COtIPUT, FPOH XSECTNlSTRUCi ?/ 0 TO XSECTN/STEJCI ?30/ 0 

R A I N  DEPTH= 3.97 RAIN DURATION= 24,00 R A I N  TABLE NOo= 2 SOIL  CONDITION= 2 
STORtl NO.: 4 

PASS. 5 
OPERATION COMPUTI FROH ,XSECTN/STilUCT 21 0 TO XSECTN/STRUCT 230,' 0 

R A I N  DEPTH- 4.97 R A I N  UURATION: 24000 R A I N  TABLE NO,= 2 SOIL  CONDITION= 2 
srmn NO,= .5 

ENDCNP 
i s u n n 4 f i Y  TABLE i 
0 ALT STORU I D  DA RAIN nnc DELTA-r 

SO-NI, THLE HRS, 
10.30 2 2 0.10 
10.30 2 2 0.10 
4.90 2 2 9.10 
15.20 2 2 0 ~ 1 0  
5.40 ? 2 0.10 
15.:0 2 2 0.10 
20060 2 2 0 ~ 1 0  
20.60 2 2 0.10 
13.20 2 2 0.10 
33.80 2 2 0.10 
33,80 2 2 0.10 
13.90 2 2 0.10 
47.70 2 2 0.10 
47+70 2 2 0.10 
2.70 2 2 0.10 
50.40 2 2 0.10 
2.10 2 2 0.10 
52.50 2 2 0+10 
52.50 2 2 0.10 
4.20 2 2 0.10 
56.70 2 2 0.10 
1.00 2 2 0.10 

TZERO 
HRS. 
0.00 
0.00 
0.00 
0.01 
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,oo 
0.00 
0.00 
0.00 

PRECIP PRECIP PEAK-Q PEAK- PEAK- RUNOFF csn 
I N ,  DURATiDH CFS T IHE ELEU IN. 





1 2 :05 
1 2 6  
1 2 206 
1 2 100 
1 2 7  
1 2 207 
1 2 8  
1 2 208 
1 2 108 
1 2 0  
1 2 209 
1 2 10 
1 2 210 
1 2 110 
1 2 11 
1 2 211 
1 2 111 
1 2 12 
1 2 212 
1 2 112 
1 2 13 
1 2 ?13 
1 2 14 
1 2 214 
1 2 15 
1 2 215 
1 2 115 
1 2 16 
1 2 216 
1 2 116 
1 2 17 
1 2 217 
1 2 117 
1 2 18 
1 2 118 
1 2 19 
1 2 218 
1 2 119 
1 2 20 
1 2 219 
1 2 220 
1 2 120 
1 2 21 
1 2 221 
1 2 l ? i  
1 2: 
1 2 222 
1 2 i?? 
1 2 23 
1 2 223 
1 2 24 
1 2 224 
1 2 i24 
1 2 25 
1 2 2?5 
1 2 26 
1 2 2'26 
1 2 126 
1 2 27 
1 2 227 
1 2 28 
1 2 228 
1 2 127 
1 2 29 
1 2 229 
1 2 !?9 





P
*

l
l

l
*

*
*

*
~

*
*

h
*

*
P

&
n

*
P

b
&

*
a

*
l

a
*

*
*

*
*

*
*

*
*

*
*

~
~

~
*

n
*

a
&

*
*

~
*

~
~

W
W

W
W

~
w

W
W

u
W

~
u

W
W

 

- t* 
0

.)
 

... N
 

-
 

C
K

,
 
w

.
 C

N
;

,
C

~
-

.
,

C
F

J
~

-
;

 
N

.
.
 

,,
,,

..
.-

,=
,L

E
-~

2
-~

E
c
.k

~
~

..
c
 

,...-
 

~
~

-C
--

.-
C

II
,O

,.
O

O
 

-
2

 
N

 
r
 
,_

I 

n
o

o
o

n
m

o
m

m
 

u
.
,
u
D
 

a
w

o
l

m
r

.
L

\
~

 
a
,o

il
J
 ~

r
-

,
:

o
o

o
~

n
~

.
o

~
c

o
~

$
r

,
~

~
j

~
~

p
'

r
4

~
~

~
~

~
~

~
n

:
~

~
~

~
~

~
~

~
~

~
:

:
~

~
~

t
;

s
:

~
~

~
z

:
:

g
~

 
,
 

*.
.;
. 

s
.,
 

k.
.; 

a, 
.U

 
1
,
 





OXSEC/STRLIC HE. ? 
ALTERNATE 1 

OXSEC/STEUC NO. 4 1 flLifRtlb?E 1 
OXSECISTHVC NO. 5 

- 
OXSEC/STRUC NU. 7 

1 o~~~%~~L 8 

OXSEC/STRUC NO. 9 
ALTERNATE 1 1 0~;~~~W;~~C NO; 1 0  , OXSECISIRUC NO. 11 
ALTEFNATE 1 

OXSEC/STRUC NO* 1 2  
ALTERNATE 1 



OXEEC.;STRUC r10. 1 4  

I ALTERNII!E 1 
OXEE3;SiRUC NO. 15 

RCTERNklE 1 
QXSEl;ST?U'Ui NO. 16 

I ALTERNATE 1 
OXSECISTRUi HO. 17 

RLTEFINATE 1 

I 
OXSEC/STStiC NO. 18 

ALIEENATE 1 
O'YSECISTRUC NO. 19 

ALTERNATE 1 

I 
OXSiC/STRUC NO. 2 0  

ALTERliATE 1 
OXSEC!STRUC NO. 21 

I OXSEC?S?iiUC NO. 22 
ALTERNATE 1 

O?SEC/SifiUC HII, 23 
ALTERNATE 1 

I O?:SEi i jTRGi NO, 24 
ALTEFIiiAiE 1 

OXSEC!ST3UC NO, 25 

I 
ALTEENATE 1 

OXSECISTKUC NO. 26 
ALTEKMATi 1 

OXSECISTRUC NO. 27 

I ALTERNATE 1 
OXSEC/STRUC NO* 28 

ALTERNATE 1 
OXSEC/STRtiC NO. 2 9  

ALTERNATE 1 
OXSECISTRUC NO. 30 

ALTERNATE 1 I OXSECISTRUC NO.102 
NTERNATE 1 

OXSEC/STROC N0.103 
ALTERHATE 1 

irLTE3NiiTE 1 

I 
OXSEC!STKCC NO. 106 

ALTERNATE 1 
0:(;~;;55u: fioSl"g 

I 5XSXjSTF:UC tiO.I!O 
SLTERNATE 1 

OYSEC/STECC HU. 11 1 

OXSECiSTRUC YO.117 

I ALTERNATE 1 
GXSEC/S?ftiC NO. 118 

AiTERNkTE 1 



OXSE::S!RUC NC+122 
RLTfRNAiE 1 

OXSEC,STRUC 30.124 

OXSECiSlRUC N0.126 
ALiERNkTE 1 

OXSECISTRUC N0*127 
ALTERNATE 1 

nLTERNAii  1 
OXSEClSTRUC NO*?OS 

ALTEREiRTE 1 
0XSEC;STkUC N0.204 

ALTERNATE 1 
OXSECISTRUC N0.205 

RLTERNATE 1 
OXSECiSTRUC N0.204 

ALTERNRTE 1 
OXSXlSTK!JC 30.207 

I OXCEClSTRUC NOt208 
KLTERNATE 1 

OXSEClSTRUC 110.209 , L T E T  1 
OXSiC/STXUC N0.210 

ALTERNRTE 1 
OXSEC/STRUC N0.211 

I 
ALTERNkTE 1 

OXSECISTRUC N0.212 
ALTERNATE 1 

OXSEC/STRUC N0.213 
hLIERNATE 1 1 0;;;;;;;;K fi0;214 

I OXSECfSTRUC N0.215 
(VTERNATE 1 

OXSECfSTRUC N0+216 
ALTERNATE 1 I OXSEC/STkUC N0.217 
ALTE2tlATE 1 

OXSEC/Si2UC N0.2!8 

ALTERNATE 1 
0XSE;ISTRCC Hi.?23 

AliE7":iATE ! 
OXSE?!Si?UC H0.224 

AL1Ei:NNirTE 1 
OXSEC15TRUC NO.227 

ALTERNATE 1 

kLTERNATE I 
OXSEC/STRUC N0.229 

ALTERWATE 1 



I f iEMf lE  1 2485,60 7013.a5 12452.53 15044.96 ?0835.$4 0.00 5.00 3-09 0 ~ 0 0  O.OF 6 y  

I HBJOB CAW ENCOUNTERED. EN0 OF JOB. 
lEND OF 1 JOBS IN THIS RUN 

lNO CONNECTION 

! 








