
~f 
~. . ,  Floo . ' ,  (brary 

> i . L /  . ; LLii 1 LV. l . . ! ~ ,  aii;;o ~~ ~ 

Phoenix, /:.:Z395iIO12 

HYDRAULIC INVESTI6ATION 

FOR W I T T W  WASH 

WITTMANN, ARIZONA 

Prepared f o r :  

Flood Contro l  D i s t r i c t  o f  Maricopa County 
3335 West Durango S t r e e t  
Phoenix, Ar izona 85009 

Prepared by: 

Simons, L i  & Associates, Inc.  
4600 South M i l l  Avenue, S u i t e  190 

Tempe, Arizona 85282-6759 
(602) 491-1393 

FEBRUARY, 1991 
REVISED: MAY, 1991 

Simons, Li & Associates, Inc. 
w;,*cr !Mch"L#rcch & c,>.,, rK,!#,,,rc,,,,* C,,,,SL,,~~,,,S 

- 



TABLE OF CONTENTS 

LIST OF FIGURES . . . . . . . . . . . . . . . . . . . . . . . . .  ii 
LIST OF TABLES . . . . . . . . . . . . . . . . . . . . . . . . . .  i i i 
LIST OF APPENDICES . . . . . . . . . . . . . . . . . . . . . . . .  i v  

I . INTRODUCTION 1 

1.1. P r o j e c t  Locat ion  and Desc r ip t i on  . . . . . . . . . . . . . .  1 
1.2. P r o j e c t  Background . . . . . . . . . . . . . . . . . . . . .  1 . . . . . . . . . . . . . . . . . . . . . . . . .  1.3. Ob jec t ives  2 

I 1  . HYDRAULIC INVESTIGATION 5 

2.1. Pre-Flood Condi t ions and Resu l ts  . . . . . . . . . . . . . .  5 
2.2. Post-Flood Condi t ions and Resul ts  . . . . . . . . . . . . .  11 
2.3. Analyses o f  Resul ts  . . . . . . . . . . . . . . . . . . . .  13 

2.3.1. Topographic and Cross-Section Comparison ........... 13 
2.3.2. Comparison o f  Resu l ts  .............................. 23 

I 1 1  . FLOOD CONTROL ALTERNATIVES 28 

3.1. Flood Cont ro l  A l t e r n a t i v e s  . . . . . . . . . . . . . . . . .  28 

3.1.1. A l t e r n a t i v e  A ...................................... 28 
...................................... 3.1.2. A l t e r n a t i v e  B 28 

3.1.3. A l t e r n a t i v e  C ...................................... 31 

. . . . . . . . . . . . . . . . . . .  3.2. Impact o f  A l t e r n a t i v e s  31 

...................................... 3.2.1. A l t e r n a t i v e  A 31 
3.2.2. A l t e r n a t i v e  B ...................................... 39 

...................................... 3.2.3. A l t e r n a t i v e  C 39 

3.3. Economic Comparison . . . . . . . . . . . . . . . . . . . .  43 

3.4. Recommended A1 t e r n a t i v e  . . . . . . . . . . . . . . . . . .  43 

I V  . REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . . . .  46 

I sIa Simons. Li &Associates. Inc . I 
W l l C i  ii..sour..cs i* Ci",, F.....l..ri...i: CllilS ......... 



FIGURE 1. 

FIGURE 2. 

FIGURE 3. 

FIGURE 4. 

FIGURE 5. 

FIGURE 6. 

FIGURE 7. 

FIGURE 8. 

FIGURE 9. 

FIGURE 10. 

FIGURE 11. 

FIGURE 12. 

FIGURE 13. 

LIST OF FIGURES 

rn 

Locat ionMap . . . . . . . . . . . . . . . . . . . . . . . .  3 

P r o j e c t  Loca t i on  Map . . . . . . . . . . . . . . . . . . . . 4 

ADMS HEC-2  Cross Sec t ion  Locat ion  Map . . . . . . . . . . . 6 

ADMS Water Sur face P r o f i l e s  . . . . . . . . . . . . . . . . 10 

Post-F l  ood Water Surface P r o f i l e s  . . . . . . . . . . . . . 19 

Channel Thalweg and Water-Surface P r o f i l e  Comparison . . . . 26 

A l t e r n a t i v e  A Locat ion  Map . . . . . . . . . . . . . . . . . 29 

Low-Flow T r a i n i n g  Dike Typ ica l  Sec t ion  . . . . . . . . . . . 30 

A l t e r n a t i v e  B Locat ion  Map . . . . . . . . . . . . . . . . . 32 

100-Year F lood Cont ro l  Levee Typ i ca l  Sec t ion  . . . . . . . . 33 

A l t e r n a t i v e  C Locat ion  Map . . . . . . . . . . . . . . . . . 34 

A l t e r n a t i v e  C Typ i ca l  Sec t ion  . . . . . . . . . . . . . . . 35 

C o n c e p t G r a d i n g P l a n  . . . . . . . . . . . . . . . . . . . .  40 



LIST OF TABLES 

@qg 

TABLE 1. 

TABLE 2. 

TABLE 3. 

TABLE 4.  

TABLE 5. 

TABLE 6. 

TABLE 7. 

TABLE 8. 

TABLE 9. 

TABLE 10. 

TABLE 11. 

TABLE 12. 

TABLE 13. 

TABLE 14. 

TABLE 15. 

TABLE 16. 

TABLE 17. 

Summary o f  Hydrau l i c  Parameters f o r  Pre-Flood Cond i t ions  . . 7 

Summary o f  Resul ts  f o r  ADMS F loodp la in  Cond i t ions  . . . . . 8 

Summary o f  Resul ts  f o r  ADMS Floodway Cond i t ions  . . . . . . 9 

Summary o f  Hydrau l i c  Parameters f o r  Post-F lood Model 
SLAFWY1.DAT . . . . . . . . . . . . . . . . . . . . . . . . .  14 

F loodp la in  Resul ts  f o r  Post-Flood Model SLAFWY1.DAT. . . . . 15 

Floodway Resul ts  f o r  Post-Flood Model SLAFWYI.DAT. . . . . . 16 

F loodp la in  Resul ts  f o r  Post-Flood Model WLBFWY1.DAT . . . . 17 

Floodway Resul ts  f o r  Post-Flood Model WLBFWY1.DAT. . . . . . 18 

1990 and ADMS F loodp la in  C h a r a c t e r i s t i c s  . . . . . . . . . 2 4 

D i f f e rences  i n  F loodp la in  C h a r a c t e r i s t i c s  . . . . . . . . . 2 5 

A l t e r n a t i v e  A Normal Flow Hydrau l i cs  (Q=220 c f s )  . . . . . . 3 7 

A l t e r n a t i v e  A Normal Flow Hydrau l i cs  (Q=750 c f s )  . . . . . . 38 

A1 t e r n a t i v e  B F loodp la in  C h a r a c t e r i s t i c s  . . . . . . . . . . 41 

D i f f e rences  i n  A l t e r n a t i v e  B F loodp la in  C h a r a c t e r i s t i c s  . . 42 

A l t e r n a t i v e  A Cost Est imate . . . . . . . . . . . . . . . . 44 

A l t e r n a t i v e  B Cost Est imate . . . . . . . . . . . . . . . . 44 

A l t e r n a t i v e  C Cost Est imate . . . . . . . . . . . . . . . . 45 

iii 

Simons, Li &Associates, Inc. 
W i l l ~ r  ~ ~ C I D L ~ W F F I  R Civli E114llllrrlllC Conrlillrlllr 



LIST OF APPENDICES 

I 
I 
I 

APPENDIX A. Wittmann Wash F loodp la in  Cross Sect ions 

APPENDIX B. SLAFWY1.DAT HEC-2 Input/Output L i s t i n g  

APPENDIX C.  W-WASH2A.DAT HEC-2 Input/Output L i s t i n g  

APPENDIX D. WLBFWY1.DAT HEC-2 Input/Output L i s t i n g  

APPENDIX E. A1 t e r n a t i v e  C, Normal Flow Hydrau l i cs  

LIST OF PHOTOGRAPHS 

&yg 

. . . . . . . . . . . .  PHOTOGRAPH 1. Wittmann Wash Channel Breakout 2 2 

. . . . . . . . . . . . . . .  PHOTOGRAPH 2. Flood Damaged Fence L ine  2 2 

MAP POCKET 

F l  oodpl ain/F l  oodway Map. 

I .la Simons Li &Associates Inc. - v- 



I I. INTRODUCTION 

A h y d r a u l i c  i n v e s t i g a t i o n  f o r  a  reach o f  Wittmann Wash, Wittmann, Arizona, 

has been conducted t o  address recent  f l ood ing  problems i n  t h e  area. The purpose 

o f  t h i s  study was t o  evaluate f l o o d  c o n t r o l  a l t e r n a t i v e s  and present  a  

recommended a1 t e r n a t i v e  t h a t  would a l l e v i a t e  f l o o d i n g  problems i d e n t i f i e d  i n  the  

p r o j e c t  reach o f  Wittmann Wash. Th is  r e p o r t  o u t l i n e s  t h e  h y d r a u l i c  i n v e s t i g a t i o n  

and f l o o d  c o n t r o l  a1 t e r n a t i v e s  analyses. 

I 1.1 P r o j e c t  Locat ion  and Desc r ip t i on  I 
Wittmann Wash i s  a  braided, a l l u v i a l ,  deser t  wash w i t h  i n t e r m i n g l i n g  

channels t h a t  f l o w  through a  wide, f l a t ,  f l o o d p l a i n .  I t  i s  t y p i c a l  o f  washes 

found i n  a l l u v i a l  areas o f  t h e  deser t  southwest. A t  the  present t ime the  

f l o o d p l a i n  o f  Wittmann Wash i s  covered by sparse brush and shrubs w i t h  a  few 

mesquite and p a l o  verde t rees  adjacent t o  the  main channel. 

The community o f  Wittmann i s  shown on the  Locat ion  Map prov ided as Figure 

1. At  Wittmann, the  wash passes beneath the  b r i dge  f o r  t h e  Atchison-Topeka and 

Santa Fe Ra i l road,  as w e l l  as t h e  br idge f o r  Grand Avenue (U.S. 60 and U.S. 89). 

F igure 2 prov ides a  p r o j e c t  v i c i n i t y  map and i d e n t i f i e s  t h e  reach o f  Wittmann 

Wash inves t i ga ted  i n  t h i s  study. 

Stormwater r u n o f f  i n  Wittmann Wash f lows through t h e  study reach from n o r t h  

t o  south. The p r o j e c t  area i s  r e l a t i v e l y  undeveloped w i t h  some sca t te red  housing 

and s t r i p  commercial development along Grand Avenue. 

1.2 P r o j e c t  Background 

I n  1986, f l o o d p l a i n  and floodway de l i nea t i ons  o f  deser t  washes and streams 

i n  t h e  Wittmann area were conducted f o r  t h e  Flood Cont ro l  D i s t r i c t  o f  Maricopa 

County (FCD). These de l i nea t i ons  were conducted i n  con junc t ion  w i t h  t h e  Wittmann 

Area Drainage Master Study (ADMS). The purpose o f  t h e  s tud ies  was t o  i d e n t i f y  

I e x i s t i n g  drainage problems and t o  p lan  fo r  f u t u r e  development and stormwater I 
I management. 

I sla Simons. Li & Associates, Inc. 
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The e f f o r t s  of  t h e  Wittmann ADMS es t ab l i shed  f o r  t h e  p r o j e c t  reach t h e  100- 
yea r  f loodpla in  and floodway 1 imi t s ,  including water  su r face  e l e v a t i o n s .  The 
l i m i t s  were determined using hydraul ic  modeling techniques s i m i l a r  t o  t h e  

approach used i n  t h i s  s tudy.  The r e s u l t s  and information generated by t h e  ADMS 

a r e  useful t o  c u r r e n t  and po ten t i a l  land owners, developers ,  a s  well a s  agencies  

with j u r i s d i c t i o n a l  i n t e r e s t s .  

Concurrent with t h e  Wittmann ADMS, a loca l  land developer  sought t o  

e s t a b l i s h  a r ec rea t iona l  veh ic l e  (RV) - mobile home theme park wi th in  t h e  
f loodpla in  and floodway of  Wittmann Wash. The developer ' s  e f f o r t s  t o  e s t a b l i s h  

t h e  park included t h e  r e t e n t i o n  of engineering s e r v i c e s .  The developer 's  

engineer  developed and provided plans t h a t  would channel ize  most of  Wittmann Wash 

wi th in  t h e  p ro jec t  reach. Grading and drainage plans were a l s o  provided t o  t h e  

County f o r  review. P r i o r  t o  approval o r  f i n a l  review of t h e  p lans  by t h e  County, 
t h e  developer proceeded t o  c l e a r  and grubb t h e  proposed s i t e .  The County has 

s ince  placed a s t o p  work order  on t h e  RV development. 

1.3 Object ives 

The primary ob jec t ive  of  t h i s  p ro jec t  was t o  develop a sound engineering 

so lu t ion  t h a t  would r e tu rn  t h e  wash t o  i t s  "previous" cond i t ions  a s  mapped i n  t h e  
1986 Flood Insurance Study. Spec i f i c  elements of  t h e  p r o j e c t  were a s  fol lows:  

(1) examine t h e  e x i s t i n g  and approved hydrologic and hydraul ic  ana lyses  of  

Wittmann Wash; ( 2 )  develop a water  su r face  p r o f i l e  model f o r  c u r r e n t  "pos t - f lood"  

condi t ions  of  Wittmann Wash; (3 )  develop and eva lua te  f lood con t ro l  a l t e r n a t i v e s  

t o  r e s t o r e  t h e  Wittmann Wash p ro jec t  a r ea  t o  pre-f lood cond i t ions  a s  mapped i n  

t h e  e x i s t i n g  (1986) Flood Insurance Study (FIS) ;  and ( 4 )  recommend a f lood 

cont ro l  a1 t e r n a t i v e  t h a t  i s  economically j u s t i f i a b l e  and s o c i a l l y  acceptable .  

sla Simons, Li &Associates, fnc. 
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Figure 2. Project Location Map. 
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11. HYDRAULIC INVESTIGATION 

The following section presents and discusses the hydraulic investigation 
and analyses for the pre-flood and post-flood conditions. Pre-flood conditions 
are defined as those hydraulic conditions and characteristics of Wittmann Wash 
identified in the Wittmann ADMS. Post-flood conditions are defined as those 
hydraulic conditions and characteristics of Wittmann Wash that existed after the 
flooding that occurred on or about Labor Day, 1990. 

2.1 Pre-Fl ood Conditions and Results 

The Wittmann ADMS and the existing HEC-2 model were examined to identify 
and define the "pre-flood" conditions of Wittmann Wash. Other available and 
pertinent information examined were: 

o 1986 aeri a1 photographs (Cooper Aeri a1 ) 
o Flood Control District files 
o Analysis reports prepared by developer's engineering consultant 
o Wittmann Wash ADMS plan sheets W-2 and PC-2 

From examination of the HEC-2 data file, WITWASHZ.DAT, the ADMS assigned 
Manning's roughness coefficients ("n" values) of 0.06 to 0.07 for the left 
overbanks of cross sections 3.183 to 3.560. The assignment of these n values is 
due to the braided nature of the left overbank and to the significant amount of 
desert brush and trees. Roughness coefficients of 0.035 to 0.05 were assigned 
to the main channel of Wittmann Wash for the project reach. 

Figure 3 provides a location map of HEC-2 cross sections used in the ADMS 
as well as the 100-year floodplain and floodway limits. The figure also shows 
the extent of vegetation adjacent to Wittmann Wash and the proposed location of 
the RV-mobile home park. 



Reference 1 .  
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I TABLE 2. SUMMARY OF RESULTS FOR ADMS FLOODPLAIN CONDITIONS. 

I Simons. Li & Associates. Inc. 
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TABLE 3. SUMMARY OF RESULTS FOR ADHS FLOODWAY CONDITIONS. 
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Table 1 provides a summary of the hydraulic parameters assigned to each 
cross section of the project reach. The table includes contraction and expansion 
coefficients, distances between cross sections, and Manning's roughness 
coefficients. Table 2 provides a summary of results for the 1986 ADMS floodplain 
profile, and Table 3 provides the results for the floodway profile. Figure 3 
delineates the limits of the 100-year floodplain and resulting floodway as 
defined in Table 2. Figure 4 provides a plot of the floodplain and floodway 
water surface profiles for the pre-flood (1986) conditions. 

The results of the ADMS modelling study show a 100-year floodplain width 
for the project reach to range from 300 feet just downstream of the Grand Avenue 
bridge (cross section 3.702) to 1400 feet at the widest part of the floodplain 
(cross section 3.443). The floodplain corresponds to the 100-year discharge of 
2,202 cubic feet per second (cfs). The width of the floodway ranges from 96 feet 
at the Grand Avenue bridge to 530 feet at cross section 2.942. Between cross 
sections 3.650 and 2.942 the floodway remains fairly consistent between 300 feet 
to 530 feet. 

Mean channel velocities, flow depths, and flow areas are given in Table 2 
and 3. The flow depths are greatest just downstream of the Grand Avenue bridge 
and gradually decrease downstream as the floodplain widens and more flow area is 
made available. The shallowest depth and widest part of the floodplain occurs 
at cross section 3.443. 

2.2 Post-Flood Conditions and Results 

Two HEC-2 computer models were used to simulate post-flood conditions. The 
development of two post-flood hydraulic models a1 lowed comparison and evaluation 
of pre-flood conditions with post-flood conditions, both with and without the 
approved 100-year floodway. The first model, SLAFWYI .DAT, simulated the 
hydraulic conditions of the Wittmann Wash 100-year floodplain and floodway using 
the 1990 aerial topography and digitized cross sections. The model was 
constructed to aid in the delineation of the post-flood condition 100-year 
floodplain and floodway. 
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The second p o s t - f l o o d  model, WLBFWYl.DAT, was developed us ing t h e  pos t -  

f lood f l o o d p l a i n  and t h e  p r e - f l o o d  floodway encroachments. Pre- f lood 

encroachments were used s ince  t h e  ADMS floodway i s  t h e  approved 100-year floodway 

de l  i nea t i on .  Th i s  approach a l lowed an eva lua t ion  o f  changes between t h e  r e s u l t s  

of model WLBFWY1.DAT and t h e  r e s u l t i n g  water-sur face p r o f i l e  o f  t h e  ADMS study. 

Data from f i e l d  i n v e s t i g a t i o n s  and 1990 mapping and cross sec t ions  were 

used t o  determine t h e  h y d r a u l i c  cond i t i ons  and t h e  probable ex ten t  o f  f l ood ing .  

Pos t - f l ood  (1990) a e r i a l  topographic mapping and d i g i t i z e d  cross sec t ions  were 

furnished by t h e  Flood Contro l  D i s t r i c t .  The cross sec t ions  prov ided were a t  the  

same l o c a t i o n s  as t h e  ADMS cross sect ions.  Th is  al lowed d i r e c t  comparison o f t h e  

two i n v e s t i g a t i o n s  f o r  changes i n  c ross  sec t i on  con f i gu ra t i on  (See Appendix A ) .  

The d i g i t i z e d  c ross-sec t ions  were mod i f ied  t o  reduce t h e  number o f  GR data 

p o i n t s  (more than 100 p o i n t s  were prov ided f o r  each cross sec t ion) .  The HEC-2 

computer program accepts a  maximum o f  100 p o i n t s  per  cross sec t ion .  The 

d i g i t i z e d  sec t ions  were a l so  mod i f ied  t o  smooth out  and remove i n e f f e c t i v e  f l o w  

areas from t h e  cross sec t ions .  

Manning's roughness c o e f f i c i e n t s  were assigned a t  each cross sec t i on  f o r  

the  l e f t  and r i g h t  overbanks, as w e l l  as t h e  main channel. The assignment o f  

roughness c o e f f i c i e n t s  was based on f i e l d  observat ions and from examination o f  

p o s t - f l o o d  a e r i a l  photographs. The NH record  was used a t  several cross sec t ions  

t o  adequately desc r ibe  t h e  l a t e r a l  roughness i n  t h e  sec t ion .  The changes i n  

cross sec t i on  l a t e r a l  c o e f f i c i e n t s  r e f l e c t  observat ions o f  f i e l d  cond i t i ons  

(removal o f  vege ta t i on  and depos i t i on  o f  sediment on f l o o d p l a i n ) .  

Cross sec t ions  3.737 and 3.759 were adjusted by use o f  the  v a r i a b l e  PXSECR 

(X1 record, f i e l d  8) t o  d e f i n e  t h e  cross sect ions t o  be perpendicular  t o  the  

a n t i c i p a t e d  f l o w  path. The two cross sect ions,  as shown on ADMS p lan  sheet W-2 

and t h e  1990 a e r i a l  topography, are no t  o r i en ted  i n  such a  manner as t o  have t h e  

cross sec t ions  perpend icu la r  t o  the  f l o w  l i n e .  The d is tances between adjacent 

GR s t a t i o n s  are m u l t i p l i e d  by t h e  PXSECR f a c t o r  t o  narrow t h e  cross sec t i on  

(Reference 6). 
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Summaries of  t h e  hydraul ic  input  parameters and r e s u l t s  a r e  presented i n  

several  t a b l e s  and f i g u r e s .  The t a b l e s  and f i g u r e s  provided a r e  a s  follows: 

o Table 4. Summary of  Hydraulic Parameters f o r  Post-Flood Model 
SLAFWY 1 . DAT 

o Table 5. Floodplain Resul t s  f o r  Post-Flood Model SLAFWYI .DAT 
o Table 6. Floodway Resu l t s  f o r  Post-Flood Model SLAFWY1.DAT 
o Tab1 e 7. Floodplain Resul t s  f o r  Post-Flood Model WLBFWY1 .DAT 
o Table 8. Floodway Resul t s  f o r  Post-Flood Model WLBFWY1.DAT 
o Figure 5. Post-Flood Water Surface P r o f i l e s  

2.3. Analyses of Resul t s  

This  s ec t ion  compares and analyzes t h e  post-f lood model r e s u l t s  with t h e  

ADMS r e s u l t s  f o r  t h e  p r o j e c t  reach.  The primary aim of  t h e  d iscuss ion  i s  t o  

provide explanat ions  and poss ib l e  reasons f o r  changes and d i f f e r e n c e s  between t h e  

two hydraul i c  i n v e s t i g a t i o n s .  Due t o  d i f f e r e n c e s  i n  modeling techniques between 

t h e  two s t u d i e s  and t o  t h e  changes in t h e  physical  c h a r a c t e r i s t i c s  of  Wittmann 

Wash, between 1986 and 1990, some explanat ions  o f fe red  w i l l  be sub jec t ive  and 

specu la t ive  i n  na ture .  

2.3.1. Topographic and Cross-Section Comparison 

As discussed previous ly ,  t h e  1990 d i g i t i z e d  c ross  s e c t i o n s  were provided 

by t h e  Flood Control D i s t r i c t  a t  t h e  same l o c a t i o n s  a s  in  t h e  ADMS. Cross 

sec t ion  p l o t s  a r e  provided i n  Appendix A ( sepa ra t e  cover) t o  i l l u s t r a t e  each 
c ross  s e c t i o n  under 1990 conf igu ra t ions  and under 1986 ADMS conf igu ra t ions .  The 

p l o t s  show f o r  each c r o s s  s e c t i o n  where d i f f e r e n c e s  occur a s  well a s  s h i f t s  in  

t h e  main channel and channel thalweg. 

The 1990 c ross  s e c t i o n s  3.500, 3.581, and 3.650 show a drop in channel 

i n v e r t  ranging from 1 t o  4 f e e t .  Cross sec t ion  3.650 shows a channel widening 

occurr ing a s  well a s  a drop.  These t h r e e  c r o s s  s e c t i o n s  span t h e  proposed mobile 

home park. From d i scuss ions  with Flood Control D i s t r i c t  personnel ,  t h e  mobile 

home park developer  may have cont r ibuted  t o  t h e  lowering o r  channel iza t ion  of  t h e  

wash due t o  t h e  c l e a r i n g  and grubbing opera t ions .  To what ex ten t  t h e  developer 

a l t e r e d  t h e  channel in  t h i s  sub-reach cannot be p o s i t i v e l y  a sce r t a ined .  



TABLE 4. SUMMARY OF HYDRAULIC PARAMETERS FOR POST-FLOOD MODEL SLAFWY1.DAT. 



TABLE 5. SUMMARY OF FLOODPLAIN RESULTS FOR POST-FLOOD MODEL SLAFWY1.DAT. 

Page 1 5  

Simons. Li & Associates, Inc. 
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TABLE 6. SUMMARY OF RESULTS FOR FLOODWAY POST-FLOOD MODEL SLAFWY1.DAT. 
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I TABLE I .  SUMMARY OF RESULTS FOR FLOODPLAIN POST-FLOOD MODEL WLBFWYWYL.DAT. I/ 



TABLE 8. SUMMARY OF RESULTS FOR FLOODWAY POST-FLOOD MODEL WLBFWY1.DAT. 
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The increased channel depth can be a t t r i b u t e d  t o  a  combinat ion o f  two 

e f f e c t s .  Chronological ly ,  t h e  f i r s t  e f f e c t  was due t o  t h e  c o n t r i b u t i o n  from the  

grubbing operat ions.  The second e f f e c t  can be 1  inked t o  t h e  degradat ion a c t i o n  

o f  storm f lows cours ing through Wittmann Wash. The storm f lows may have had a  

cascading e f f e c t  on t h e  channel bed, where t h e  r e l a t i v e l y  f a s t  moving water 

degraded f u r t h e r  t h e  a l ready  excavated channel. How much each e f f e c t  con t r i bu ted  

t o  the  t o t a l  r e s u l t i n g  depth can no t  be determined. 

Minor d i f f e rences  i n  c ross  sec t i on  c o n f i g u r a t i o n  between t h i s  i n v e s t i g a t i o n  

and t h e  ADMS study can be a t t r i b u t e d  t o  t h e  use o f  d i g i t i z e d  cross sec t ions  (1990 

mapping) versus cons t ruc t i ng  cross sect ions d i r e c t l y  from t h e  1986 a e r i a l  

topographic mapping. The d i g i t i z e d  cross sec t ions  d i s t i ngu i shes  r idges ,  banks, 

b ra id ing ,  r u t s ,  and o the r  f ea tu res  i n  more d e t a i l  than cross sec t ions  constructed 

by sca l i ng  and i n t e r p o l  a t i on .  

A transparency o f  t h e  1990 topographic map o f  t h e  Wittmann Wash p r o j e c t  

area was o v e r l a i n  upon t h e  1986 ADMS p lan  sheet W-2. Plan sheet W-2 shows 1986 

topography as we l l  as the  ex ten t  o f  channel and overbank vegeta t ion  a t  t h a t  t ime. 

Overlaying the  1990 topography on t h e  1986 topography prov ided t h e  oppor tun i t y  

f o r  d i r e c t  observat ion o f  changes i n  land form and vegeta t ion  c h a r a c t e r i s t i c s  

over the  f o u r  year  per iod.  

The obvious phys ica l  changes i n  t h e  Wittmann Wash p r o j e c t  area was t h e  

extensive removal o f  vegeta t ion  and the  grading of t h e  l e f t  overbank area between 

cross sec t ions  3.650 and 3.268. The c l e a r i n g  and grubbing o f  t h e  vegeta t ion  and 

the  rough grad ing  o f  t h e  l e f t  overbank had t h e  e f f e c t  o f  reducing Manning's 

roughness c o e f f i c i e n t .  The roughness c o e f f i c i e n t  used i n  t h e  1986 ADMS was 0.07 

as compared t o  0.06 f o r  t h e  1990 study. 

Another no tab le  change i n  Wittmann Wash was t h e  channel breakout between 

cross sec t ions  3.581 and 3.500 t h a t  occurred as a  r e s u l t  o f  t h e  1990 Labor Day 

f loods.  The breakout occurred approximately midway between t h e  c ross  sec t ions  

and i s  i l l u s t r a t e d  i n  Photograph 1. 

sla Simons, Li & Associates, Inc. 
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The channel breakout may have been caused by a combination of  i n t e r r e l a t e d  

f a c t o r s .  The f i r s t  f a c t o r ,  d i scussed  above, was t h e  physical excisement and 

degradat ion of  t h e  channel.  The second f a c t o r  was t h e  presence of  a fence l i n e  

t h a t  spanned t h e  width of Wittmann Wash a t  o r  near  t h e  channel breakout.  The 
remaining components of  t h e  fence  may be seen in Photograph 2. 

The c o n t r i b u t i o n  of  t h e  fence  on t h e  channel breakout may have been t h a t  

t h e  fence captured  a l a r g e  amount of  d e b r i s  from t h e  stream flow. The captured 

d e b r i s  cons i s t ed  o f  t r e e  limbs, branches, s t i c k s ,  tumbleweeds, g r a s s e s ,  and 

a s so r t ed  municipal paper and p l a s t i c  products .  The d e b r i s  which caught up i n  t h e  

fence could have g radua l ly  blocked most o f  t h e  e f f e c t i v e  flow area  f o r  t h e  

channel.  

The blockage may have been s u f f i c i e n t  enough t o  reduce conveyance within 

t h e  channel a t  t h a t  po in t  and upstream of  t h e  fence.  As a r e s u l t  of  t h e  

blockage, flow depths  immediately upstream of t h e  fence increased t o  t h e  ex ten t  

t o  overtop t h e  r i g h t  bank of Wittmann Wash. As more flows overtopped and were 

d ive r t ed  t o  t h e  r i g h t  overbank, t h e  flows gradual ly  sought another a v a i l a b l e  

braided channel.  As storm flows continued i n  Wittmann Wash, i t  i s  l i k e l y  t h a t  

t h e  fence  was g radua l ly  destroyed removing t h e  channel blockage. 

The 1650 f o o t  contour l i n e  i n  t h e  r i g h t  overbank area between c r o s s  

s e c t i o n s  3.183 and 3.268 appears t o  have been s h i f t e d  southward. The s h i f t  i s  

approximately 100 f e e t  and may have been due t o  t h e  cons t ruc t ion  of  a small d ike  

north of Lone Mountain Road. The material  f o r  t h e  d ike  appears t o  have been 

scraped and hauled from t h e  ad jacent  1 and. 

The 1990 top0 i n d i c a t e s  t h a t  t h e  1670 contour l i n e  a t  c ros s  sec t ion  3.650 

and t h e  main channel has been pushed f u r t h e r  away (west) from t h e  channel i n  t h e  
r i g h t  overbank and extended downstream in t h e  l e f t  overbank. The s h i f t  was 

l i k e l y  due t o  t h e  c l e a r i n g  and grubbing a c t i v i t y ,  with some minor con t r ibu t ion  

due t o  e ros ion  caused by t h e  overtopping of t h e  r i g h t  bank during t h e  r ecen t  

f lood events .  

Simons. Li & Associates, Inc. 
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PHOTOGRAPH 1. Wittmann Wash Channel Breakout. 
(NOTE: Arrow i s  po int ing  t o  loca t ion  o f  pre - f lood 
channel. Breakout occurred a t  r i g h t  s ide o f  photo. 
Predominant post-f lood flows from l e f t  t o  r i g h t ) .  

PHOTOGRAPH 2. Flood Damaged Fence Line. 
(NOTE: Fence post located i n  middle o f  breakout looking 
downstream a t  post-f lood channel ) . 

L J  
sla Simons. Li &Associates. Inc. 
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2.3.2. Comparison o f  Resu l ts  

A  comparison o f  t h e  r e s u l t s  o f  t h e  two s tud ies  ( t he  p o s t - f l o o d  versus the  

p r e - f l o o d  study) examined d i f f e r e n c e s  i n  h y d r a u l i c  parameters such as water 

sur face e levat ions ,  f l o w  v e l o c i t i e s ,  f l o w  d i s t r i b u t i o n ,  and f l o w  depth. The 

comparison was aided by compi l ing  numerous t a b l e s  and f i g u r e s  t o  h i g h l i g h t  and 

evaluate t h e  changes. 

The f i r s t  comparison between t h e  ADMS study and t h i s  i n v e s t i g a t i o n  examined 

changes i n  t h e  f l o o d p l a i n  c h a r a c t e r i s t i c s .  Table 9 summarizes, by cross sect ion,  

se lected hyd rau l i c  parameters t h a t  cha rac te r i ze  t h e  1990 and ADMS f l oodp la ins .  

Table 10 l i s t s  t h e  d i f f e rences  i n  t h e  va r iab les .  

The l a r g e s t  change i n  computed water sur face e l e v a t i o n  occurs a t  cross 

sec t i on  3.759. This  change can be a t t r i b u t a b l e  t o  an increase i n  t h e  roughness 

c o e f f i c i e n t  f o r  t h e  channel from 0.015 t o  0.030. Cross sec t i on  3.759 i s  loca ted  

a t  the  downstream face o f  t h e  Grand Avenue br idge.  The ADMS study assigned a  

channel c o e f f i c i e n t  o f  0.015 which would be rep resen ta t i ve  o f  a  concrete l i n e d  

channel. This  study assigned a  value o f  0.03 f o r  t h e  channel roughness 

c o e f f i c i e n t  based on f i e l d  observat ions. 

Sect ion 3.759 a l so  had t h e  l a r g e s t  change i n  average f l o w  v e l o c i t y .  The 

change i n  f l o w  v e l o c i t y  can, again, be a t t r i b u t a b l e  t o  t h e  change i n  the  

roughness c o e f f i c i e n t  a t  t h e  sec t i on  and t o  t h e  use o f  t h e  v a r i a b l e  PXSECR 

(discussed p rev ious l y ) .  

F igure  6 prov ides a  p l o t  o f  t h e  channel thalweg and water sur face p r o f i l e s  

f o r  t h e  p r e - f l o o d  and pos t - f l ood  models o f  Wittmann Wash. The f i g u r e  d i s t i n c t l y  

shows between cross sec t ions  3.500 and 3.581 t h a t  t h e  channel thalweg has lowered 

i n  e leva t ion .  Between c ross  sec t ions  3.268 and 3.443 t h e  thalweg has been r a i s e d  

i n  e l e v a t i o n  s l i g h t l y  due t o  t h e  s h i f t i n g  o f  t h e  channel and p o s s i b l y  due t o  

aggradat ion. It i s  unknown whether o r  n o t  man's a c t i v i t y  ( c l e a r i n g  and grubbing) 

had a  d i r e c t  bear ing on t h e  channel i n v e r t  w i t h i n  t h i s  sub-reach. 

sla Simons Li & Associates Inc. 
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TABLE 10. DIFFERENCES I N  FLOODPLAIN CHARACTERISTICS. 
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~ ~ ~ - - . . - t ~ ~ ~ t ~  1990 Thalweg Profile - 1990 Water Surface Profile -.--- ADMS Thalweg Profile 
- - - - ADMS Water Surface Profile 

Distance Upstream of Section 2.942 (x 10) 

Figure 6. Channel Thalweg and Water 
Surface Profile Comparison. 
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Figure 6 shows that the 100-year computed water surface elevations for 1990 
have increased slightly over the ADMS study. It should be noted for 
clarification purposes that the two studies have slightly different thalweg 
alignments. The impact of the different thalweg alignments is most noted in the 
upstream cross sections of Figure 6. The data points between the two 
investigations are offset slightly because of the differing alignments. 

For each cross section, Table 10 lists the differences in floodplain widths 
between the two investigations. The greatest increase in floodplain width occurs 
between cross sections 3.268 and 3.443. Changes in floodplain widths can be 
attributed primarily to changes in the floodplain physical characteristics. 

The floodplain map located in the map pocket of this report delineates both 

the ADMS floodpl ain/floodway and the 1990 floodplain/floodway. The floodplain 
map shows where differences occur in the floodplain widths between the two 
delineation studies. Generally speaking, the 1990 100-year floodplain follows 
the same areal extent as the ADMS 100-year floodplain. 

I '  sla Simons. Li & Associates. Inc. 
w i w r  ltcsnurrrs n civil iisli,s,-rrii~i! c s s ~ a ~ t a ~ ~ ~ ~  
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111. FLOOD CONTROL ALTERNATIVES 

This section presents an engineering and economic evaluation of flood 
control alternatives to alleviate the flooding problems experienced on Wittmann 
Wash within the project reach. Qualitative and semi-quantitative evaluations of 
the alternatives developed have been made to provide general performance and cost 
comparisons. 

3 .1 .  Flood Control A1 ternatives 

3 . 1 . 1 .  Alternative A 

Flood control Alternative A provides for the construction of a flood 
control training dike located at the right bank between cross sections 3 .443  and 
3 .581 .  The training dike would be constructed of material which would minimize 
erosion, within constraints, and maximize dike stability. A1 ternative A would 
also require minor regrading of the left (east) bank and left overbank area in 
the upper portions of the project reach. The regarding effort would reshape the 
1990 topographic contours to the pre-flood conditions and topography. 

Figure 7 illustrates the location of the low-flow training dike within 
the Wittmann Wash project reach. Figure 8 presents a typical section of the 
dike. The training dike would function to contain low flows up to the magnitude 
of the 10-year frequency within the re-established wash channel and train 
Wittmann Wash to return low flows to the pre-flood channel downstream of the 
re1 ease point. 

3 . 1 . 2 .  Alternative B 

Flood control Alternative B consists of providing a 100-year flood control 
levee in the right overbank area of the project reach. The alignment of the 
levee would parallel the pre-flood 100-year limits and would incorporate a 
freeboard of 0.5 feet. Alternative B would also include the training dike as 
described in Alternative A. 
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1990 Floodway Limits 

Figure 7. Alternative A Location Map 
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Figure 8. Low-Flow Training Dike 
Typical Section 
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F igure  9 i l l u s t r a t e s  the  l o c a t i o n  o f  A l t e r n a t i v e  B f l o o d  c o n t r o l  fea tures .  

F igure  10 presents a  t y p i c a l  sec t i on  o f  t h e  levee. The t y p i c a l  sec t i on  f o r  t h e  

t r a i n i n g  d i ke  was presented i n  F igure  8. 

3.1.3. A l t e r n a t i v e  C 

Flood c o n t r o l  A l t e r n a t i v e  C cons i s t s  o f  channe l iz ing  t h e  main channel o f  

Wittmann Wash t o  prov ide  g rea te r  conveyance w i t h i n  t h e  channel. The banks would 

be pro tec ted  w i t h  r o c k  r i p - r a p  s i zed  according t o  expected channel v e l o c i t i e s .  

The main channel would be loca ted a t  i t ' s  p r e - f l o o d  l o c a t i o n  (See Figure 11). 

F igure  12 presents a  t y p i c a l  cross sec t i on  f o r  t h e  channel ized p o r t i o n  o f  

Wittmann Wash. Downstream o f  cross s e c t i o n  2.942 the  channel would t r a n s i t i o n  

back t o  the  e x i s t i n g  na tu ra l  channel. 

3.2. Impact o f  A l t e r n a t i v e s  

The f o l l o w i n g  summarizes t h e  h y d r a u l i c  impacts o f  each o f  the  f l o o d  c o n t r o l  

a l t e rna t i ves .  The impacts are evaluated i n  a  q u a l i t a t i v e  as we l l  as i n  a  

q u a n t i t a t i v e  manner. 

3.2.1. A l t e r n a t i v e  A. 

The low- f low t r a i n i n g  d ike,  as shown i n  F igure  7, would span the  break out  

sec t i on  o f  t h e  r i g h t  channel bank. The d i k e  would t r a i n  t h e  channel t o  re lease 

low f lows t o  t h e  p r e - f l o o d  channel a t  t h e  re lease p o i n t  (upstream o f  cross 

sec t i on  3.355). 

The t r a i n i n g  d i k e  s i z e  and c o n f i g u r a t i o n  was based on conduct ing a  b a n k f u l l  

capac i ty  ana lys is  of Wittmann Wash f o r  t h e  reach j u s t  downstream o f  the  Grand 

Avenue br idge. The banks of t h i s  reach appeared, from f i e l d  inspect ions,  t o  be 

r e l a t i v e l y  de f ined and more s t a b l e  than t h e  reach i n c o r p o r a t i n g  the  proposed 

d ike.  The HEC-2 computer program was used t o  determine, by i t e r a t i o n ,  t h e  

approximate b a n k f u l l  capac i ty  o f  t h a t  reach. Th is  capac i t y  i s  est imated t o  be 

750 c f s  which corresponds t o  the  10-year d ischarge frequency as i d e n t i f i e d  i n  the  

Wittmann ADMS (Q,, = 749 c f s ) .  
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. 1990 Floodplain Limits 

. . . . . . . . 1990 Floodway Limits 

Figure 11. Alternative C Location Map 
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Varies 125 - 250 ft 

t. 
Grade-out varies 1 - 2 

urnped Rock Bank Protection 

D50 approx. 1.5 ft 
3 ft toe-down 

s la S~MONS, Li g ASSOC~ATLI. INC. 

Figure 12. Alternative C Typical Section 
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Normal flow hydraulic computations were performed to estimate the hydraulic 
characteristics of Wittmann Wash at the location of the proposed dike. Tables 
11 and 12 summarize the results of the normal flow characteristics for the 
flowrates of 220 and 750 cfs, respectively. The 220 cfs flowrate was estimated 

to be the 2-year discharge based on plotting the 10, 25, 50 and 100-year peak 
discharges on probability paper. The hydraulics were determined assuming a wash 
bottom width of 20 feet. 

The size of the dumped rock rip-rap (D,,) for the levee protection was 
determined to be approximately 1.5 feet (18 inches). This rip-rap size should 
be sufficient to withstand the channel velocities for the 10-year frequency (7.61 
ft/s based on normal flow hydraulics) . The size of the rip-rap should be capable 
of withstanding the expected 100-year channel velocities based on results from 
the hydraulic models. 

The training dike should adequately handle a storm with a 10-year frequency 
(Q = 750 cfs). The determination of which frequency storm would wash the 
training dike out would involve an extensive analysis. For definition purposes, 
any frequency greater than the 10-year event that would cause overtopping of the 
dike could be considered a failure. However, this does not mean that the dike 
itself would fail. An analysis to determine the specific frequency of storm 

required to wash the dike out would include, but not be limited to, determination 
of the maximum permissible velocity for dumped rip-rap bank protection, scour 
analysis for channel bends, and general scour and long term degradation analyses 
for Wittmann Wash. If such a storm event were to occur, the natural channel 
banks of Wittmann Wash would most likely fail long before the training dike. 

As stated previously, minor regrading of the project area would be 

necessary to return Wittmann Wash to its pre-flood conditions. The extent of the 
regrading limits was based on examination of pre-and post-flood topographic 
mapping. The regrading would be located primarily between cross sections 3.737 

and 3.183, which is essentially the Groom and Peters parcels. A small amount of 
fill would be required particularly in filling in break out areas, filling in on 
the back side of the proposed dike, and regrading the left (east) bank of the 
wash. 

sla Simons, Li & Associates. Inc. 
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TABLE 11. ALTERNATIVE A NORMAL FLOW HYDRAULICS 

DESIGN PARAMETERS 

Discharge - - 220 c f s  
n - v a l u e  - - 0.03 

Bottom w i d t h  = 20 ft 

Slope - - 0.0073 ft/ft 

S i d e  Slope = 3 : l  

NORMAL FLOW RESULTS 

Depth 
V e l o c i t y  
Froude no.  
C r i t i c a l  dep th  

H y d r a u l i c  dep th  
Top w i d t h  

S e c t i o n a l  a r e a  

Wetted p e r i m e t e r  
H y d r a u l i c  r a d i u s  

1.68 ft 
5.23 f p s  

0.78 

1.44 ft 

1.4 ft 
30.08 ft 

42 sq ft 

30.6 ft 
1.37 ft 



- 

TABLE 12. ALTERNATIVE A NORMAL FLOW HYDRAULICS 

DESIGN PARAMETERS 

Discharge - - 750 c f s  

n -va lue  - - 0.03 

Bottom w i d t h  - - 20 ft 

Slope - - 0.0073 ft/ft 

Side Slope - - 3 : l  

NORMAL FLOW RESULTS 

Depth - - 3.3 f t  

V e l o c i t y  - - 7.61 fps  

Froude no. = 0.85 

C r i t i c a l  depth - - 3.01 f t  

Hydrau l i c  depth - - 2.48 ft 

Top w i d t h  - - 39.8 f t  

Sec t iona l  area - - 98.5 sq ft 

Wetted per imeter  = 40.9 ft 

Hyd rau l i c  rad ius  = 2.4 ft 
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The locations and limits of the regrading areas are shown on the 
preliminary map (base map furnished by the Flood Control District) as Figure 13. 
Most of the regrading effort is on the east bank and east overbank. This 
regrading entails pulling contour lines back away from the channel. 

The approximate quantity of fill required for regrading is 3,000 cubic 
yards. Fill placement is indicated on Figure 13. It is not anticipated that the 
regrading effort will produce any appreciable amount of suitable fill. Fill 
material will need to be imported. 

3.2.2. Alternative B 

A summary of the hydraulic characteristics for Alternative B are summarized 
in Table 13. Table 14 provides a difference comparison of hydraulic parameters 
between Alternative B and the 1990 floodplain characteristics. 

A1 ternative B (100-year flood control levee) would substantially reduce 
the 1990 floodplain width. The resulting change in water surface elevation is 
greatest (0.2 foot) just downstream of the Grand Avenue bridge. 

3.2.3. Alternative C 

The primary hydraulic impact of Alternative C would be to reduce the 100- 

year floodplain and floodway to the channel limits shown in Figure 11. The 
hydraulic characteristics of Alternative C were estimated using normal flow 
calculations. Calculations for a 100 foot and '226 foot bottom width at both 
design and equilibrium slopes are given in Appendix E. 

The results indicate that for a 100-year flowrate of 2200 cfs, a design 
slope of 0.0086 ft/ft would produce re1 atively higher flow velocities. These 
velocities would warrant bank and channel stabilization measures. Bank and 
channel stabilization measures were not investigated as part of this alternative. 

sla Simons, Li & Associates, Inc. 
W i i l c i  l lrrl!l lr~rs & Civi l  El!ci#!nl$nE Cnnst>lta#i ls 



Scale: 1 " = 200' (approx) I I 
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boundary limits furnished by 
Flood Control District of Maricopa County 



TABLE 13. ALTERNATIVE B FLOODPLAIN CHARACTERISTICS. 

3.737 1675.03 0 2200 2 0.72 8.41 0.75 1088 1173 86 

3.759 1675.95 0 2202 0 0 5.74 0 1026 1121 95 
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3.3. Economic Comparison 

Tables 15, 16, and 17 provide construction cost estimates for each of the 
flood control alternatives. The cost estimates were developed assuming readily 
available construction materials, located within a relatively close hauling 
distance. A 10 percent contingency was added to allow for a measure of 

uncertainty. 

3.4. Recommended A1 ternative 

Based on the foregoing analyses and cost estimates, Alternative A is 
recommended as the flood control measure to be implemented at Wittmann Wash. 
Alternative A was selected for it's ease of construction, lower construction 
cost, and minimal effort to return Wittmann Wash to it's pre-flood channel and 
hydraulic conditions. 

It is anticipated that the training dike should will the Wittmann Wash 
floodplain within the study reach to the Wittmann ADMS pre-flood conditions. 
This expectation is predicated on the following: (1) the Wittmann ADMS 
hydrologic analysis of peak discharges for Wittmann Wash are valid and are 
representative of the pre-flood basin characteristics; (2) the Wittmann ADMS 
floodplain delineation of Wittmann Wash is valid and representative of the pre- 
flood basin hydraulic characteristics; and (3) the training dike will return the 
alignment of the post-flood thalweg to its pre-flood thalweg alignment within the 
study reach. 
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TABLE 16. ALTERNATIVE B COST ESTIMATE 

TABLE 15. ALTERNATIVE A COST ESTIMATE 

ITEM DESCRIPTION 

ITEM DESCRIPTION 

Earthwork * 

Dumped Rock Levee P ro tec t i on  

Subtota l  

10% Contingency 

To ta l  Estimated Const ruc t ion  Cost 

Earthwork * 
Dumped Rock Levee P ro tec t i on  

Subtota l  

10% Contingency 

To ta l  Estimated Const ruc t ion  Cost 

* Inc ludes f i l l  ma te r ia l  f o r  regrad 

Inc ludes f i l l  ma te r ia l  f o r  regrading 

UNIT 

CY 

CY 

- - 

UNIT - 
CY 

C Y  

- - 
19 

QUANTITY 

QUANTITY 

4,689 

1,111 

UNIT 

PRICE AMOUNT 

UNIT 

PRICE 

$ 4.00 

$ 20.00 

I sla Simons, Li &Associates, Inc. 
WIlcr , , irnurrrr *i ,:,".I E,,CI"F"rlnil Co.ii,l,a,,,s 

I 

AMOUNT 

$ 18,756.00 

$ 22,220.00 

$ 40,976.00 

$ 4,097.00 

$ 45,000.00 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I i 

TABLE 17. ALTERNATIVE C COST ESTIMATE 
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sia Simons, Li & Associates, Inc. 
\*atcr ~ a ~ ' s c l ~ ~ r ~ ~ ' s  * <:,v,, F~r>a~#>t~cr##7#  C,,,,S,,,,'>,,,S 

- 

ITEM DESCRIPTION 

Earthwork 

Dumped Rock Levee Protection 

Gabion Grade Control Structures 

Subtotal 

10% Contingency 

Total Estimated Construction Cost 

7 

UNIT 

CY 

CY 

CY 

QUANTITY 

50,819 

7,761 

1,308 

UNIT 
PRICE 

$ 4.00 

$ 2 0 . 0 0  

$ 6 0 . 0 0  

AMOUNT 

$ 203,276.00 

$155 ,220 .00  

$ 78,480.00 

$ 436,976.00 

$ 43,697.60 

$ 480,673.60 
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APPENDIX A. WITTMANN WASH 
FLOODPLAIN CROSS-SECTIONS 
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Figure A-3. Cross Section 3.183 
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Figure A-7. Cross Section 3.500 
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Figure A-9. Cross Section 3.650 
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Figure A-10. Cross Section 3.702 
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APPENDIX B. SLAFWY1.DAT HEC-2 
INPUTIOUTPUT LISTING 
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Simon.?., Li 6 Asso:late3, Inc. 

I J 2 N W  IPLOT PRNS XSECV XSEW M ALLCC IEN H I M  ITRAM 

1 0 -1 0 0 0 -1 0 0 0 

36 IHLEQ ICOPY SUBDlV STRTCG MILE 

1 1  
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Simons, Li & A ~ s o c , ~ ~ ~ s ,  Inc. 



Sim 
PAGE 3 

ons, Li & Assoc.stes, Inc. 
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Simons, Li & Associates, Inc. 
1661.1 2613.0 
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HL 
OLE5 BANK E L N  Simon§, Li & Associates, Inc. 

SECNO DEPM WL CRIWS %ELK Kj t N  

Q plC8 @X QRCB ALC8 ARCB VOL TWA LEFT/RIGHT 
TIME VLCB MI MXB M L  ME R WTN ELMIN SSTA 

I 
SLOPE XlCBL XLCH XLCBR ITRIAL IOC ICCNT CORAR TOhJlO ENCG1 

I 1 = 1. newT mmm L o .  w u  1 s  c m . m  a A wn. s 
PROFILE MPE. HIM CN VARY FRavl REACH TO REACH. SEE WCLFlENTATlCN FOR 

lrnAlE. 
CRITICAL E P M  TO BE CALCUIATED AT ALL C W  SECiICNS 

I W .I00 C W  .300 
*SECNO 3.056 
3280 CRCGS SECTICN 3.06 EXTENDED .2? FEET 



PAGE I 

SHNO DEPTH CWSR CRIWS WSnK EG HV HL OUFS 8 N K E W  Simons, Li & Associates, Ine 1 Q pLC8 41333 ALCB AN VOL TM LEFVRICSII 
T I #  MCB YCH VRCB L Mi KX1R WTN ELMIN SSTA 

I 
SLWE XLCBL XLCH XLCBR ITRIAL IIX: IWT COPAR TOPWID €NET 

b 8 0  C86i SETIN 3.21 MENDED .15 FEET 

GES YCTlCN 3.36 MI€NHPLO .68 FEET 

280 CRCGS SECTICN 3.44 MIENDED .14 FEET 

3.643 1.14 1660.94 1660.14 .OO 1661.04 . I0  3.85 .OO 1660.10 
2202. 1133. 166. 903. 602. 36. 362. 51. 12. 1660.60 ) 2 8  1.88 6.55 2.64 0 0 3 5  0 4 1  0 0 0  1659.20 1031.00 

.009031 360. 460. 440. 4 14 0 .OO 1581.60 2666.60 

f265 DIVIDED FLW 
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SMX) C8nl MEL c R l N  K E L K  EG HV HL MOSS 8ANK E L N  l Q Simons, Li & A;jocia~os, mc, 
plce w PRC~ A L C ~  ACH ARCB v TWA kFr/RrmT 

TIME 103 WXI VRCB XNL Wi M R  IIM ELMIN SSTA 

I 
SLC9E NCBL XLCH XCCBR ITRIAL ID2  I W T  CO%R T W I D  E N H  

1185 M I N I M  SPECIFIC ENEffiY 
3120 CRITICAL DEPTH ASSUMED 

3.581 4.22 1668.32 1668.2  
2202. 393. 1045. 163. 1 3 1.48 6 6 5  1.93 

.005991 410. 400. 380. 

1.38 FEET 

I 1185 M I N I M  SPECIFIC ENW 
3120 CRITICAL MPTH ASSUMED 

3.102 4.98 1613.48 1613.48 .OO 1614.04 .56 1.80 -.OO 1612.60 
2202. 151. 1414. 631. 71. 193. 289. 15. 102. 1613.60 

.31 2.05 1.31 2.19 ,060 ,035 ,060 ,000 1668.50 1021.18 
I 0 0 6 8 3 4  330. 270. 220. 0 12 0 .OO 430.32 1465.00 
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SEW MPlH ChML C R I B  WSEU( EG W 1 Q 

HL OLE 8bNK LEV Simons, Li C Associates, I ~ c .  
WCB QX @t% ALCB ACH ARC8 W)L TWA LEWRICHT 

TIME MCB W)1 VRCB kYL Mi kYR hlN W I N  SSTA 

I 
%OPE XLCBL XLCH XLCBR ITRIAL IDC: ICCNT CORAR TOPWID ENDST 

3301 W WiEO FXX(E MPN WINS 

I *sM 3.759 
3301 HV WWD Wh WINS 

'3302 W I N G :  WEYX WE GrIE CF I C a P T B L E  W. W A T I b  1.10 



S I W ,  LI & ASWIATES, IN. 
WIWASY ANALYSIS R#l FCCMC (PAZX13) 
S L A W 1  .DAT 

11 lCMX It@ NIM IDIR S T  METRIC HVlUI Q I\ML FQ 

-10 3 0 0 0 0 0 0 1635.93 0 

1 J 2  NPW IPLOT PRNS *FI XYUI A ALLCC IBW MNIM ITFACE 

PAGE 10 

Simons, Li Ik Associafas, Inc. 
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S E W  DEPTH W L  CRIffi WSELK EG MI HL OLCGS BPNKELEV 1 Q %a AUYI AM ARCB WL 1 ~ 4  LEFTIRIMT Simon% Li & Associatns, Inc. 
TIME VLCB WH VRCB L Mi R klN ELMIN SSTA 

3410 PlCROACHMENT S T A T I W  1730.0 1990.0 TYPE= 1 T M =  260.000 1 3.268 2.44 1653.44 1653.10 1652.64 1653.89 4 5  5.06 0 4  1651.60 
2202. 309. 1349. 545. 81. 215. 162. 21. 13. 1651.60 

. l l  3.56 6.29 3.37 .060 ,040 .060 .OOO 1651.00 1730.00 1 ,010621 4 8 .  450. 410. 4 14 0 .OO 260.00 1990.00 

I 1490 M( CAR0 USED 
*SEW 3.355 
3280 CRCGS SECTIMl 3.36 WENDED 1.54 FEET 

3470 ENCROACHMWT S T A T I W  1740.0 2050.0 TYPE= I TARGET= 310,000 
3.355 2.74 1651.94 1651.48 1651.08 1658.28 .34 4.38 .01 1656.50 ( 2202 8 8 0  820. 501. 251. 132. 1 5 4  26. 1 6  156.60 

.14 3.51 6.22 3.25 ,060 ,035 .060 ,000 1655.20 1140.00 

1490 MI CARD USED 

I *SKNO 3.643 
3280 CRCGS SECTICN 3.44 W P l D E D  .I9 FEE1 

3410 E!KWKMNT S T A T I W  1120.0 2080.0 P/PE= 1 TARGET= 360.000 
3.443 2.69 1661.89 166i.M l660.94 1662.20 3 1  3.91 0 0  1610.10 
2202. 153'1. 459. 206. 436. 65. 18. 32. 19. 1660.60 

.16 3.53 1.06 2.62 ,060 ,035 .060 ,000 1659.20 1120.00 1 .MOO64 360 4 6 0  440. 4 15 0 .OO 360.00 2080.00 

3.500 
3280 CRCGS SECTlCN 3.50 WENDED .I2 FEET 

I 7185 MINIMlM SPECIFIC ENERGY 
3120 CRITICAL DEPm ASBED 

3410 ENCROACHMENT STATICNS. 1585.0 1885.0 NPE= 1 TARGET= 300.000 1 3.500 4.12 1665.22 1665.22 1664.48 1665.99 .I1 2.25 5 1664.90 
2202. 381. 1160. 56. 185. 225. 30. 35. 22. 1664.80 

.18 2.09 1.81 1.81 .060 ,035 .060 ,000 1661.10 1585.00 1 .001178 340. 290. 320. 0 11 0 .OO 300.00 1885.00 





PAM 14 

KOSS BhNK EL@ 
Li dr Assocjates, rnc. 

$i%M DEPlH aJSn CRl ls  WK EG HV 1 .  HL 
pcce QRCs ALCB ACH ARCB W L  TWA LEFTJRIWT 

T I E  KC6 VM VRCB XNL CHR IIM ELMIN SSTA 

I 
SLOPE XLCBL XLCH XLCBR ITRIAL I t C  lCCNT CORAR T W I D  DIN 

I 3302 WING: W N C E  WE CUTSIDE OF ACCEPTABLE W, KRATIO = 1 .a6 

I*"" 3.159 
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Zir~lons, Li & Associates, lnc. 

I ERROR KKi - 01,02,03 
MOOlFIcATICN - 

I 
NOTE- ASTERISK (*) AT LEFT W CRCMSECTICN NUFBER INDICATES MESSAGE I N  WRY OF ERRORS LIST 

SEW M E L  DEPTH E M I N  VLCB VCH VRCB HL OLCGS lO*KS @ X L  SSTA ENffiT 

2.942 1635.50 3.10 1632.40 3.20 5.48 4.63 .OO .00 245.41 .OO 1582.00 2424.00 
2.942 1635.93 3.53 1632.40 3.06 4.66 4.21 .OO .OO 121.25 .OD 1130.00 2260.00 

L 3.056 lOl .61 3.11 1638.50 2.29 2.41 1.65 5.88 .03 63.50 10.11 1312.00 2548.52 
3.056 1641.88 3.38 1638.50 3.46 3.29 2.59 5.88 .01 93.02 10.11 1600.00 2000.00 
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Simon% Li & Associaters, Inc. 

I SECNO M E L  DEPTH ELMIN VLCB WM Vm HL O L E  1VKS W I S L  SSTA ENCGT 

* 3.759 1615.92 5.22 1670.70 .OO 5.19 .OO .11 .21 22.48 12.00 1025.95 1120.19 
3.159 1616.23 5.53 1610.10 .OO 5.31 .OO .ll .09 11.11 12.00 1025.40 1120.00 

I 





I 
SUIIIW(Y OF ERRORS PND SPECIAL NOTES 

IWIffi $Kt@ 3.056 PROFILE= I m M b N C E  OIWI UiTSlBE W T M L E  W 

I W l C N  SEW+ 3.500 PROFILE: 1 CRITICAL DEPTH &%WED 
W T l C N  $Kt@ 3.500 PROFILE= 1 M I N I M  SPECIFIC ENERGY 
CAUTION S€O@ 3.500 PROFILE- 2 CRITICAL DEPTH ASSUmD 
CAUTlCN SECNO; 3.500 PROFILE= 2 M I N I M  SPECIFIC ENERGY 

I T U n C N  lBD 3.581 PROFILE= I CRITICAL WTH 
CAUTlCN SECNO. 3.581 PROFILE= 1 M I N I M  SPECIFIC ENERGY 

I M I C N  SECNO. 3.581 PROFILE. 2 CRITICAL EPTH I\SSLMEO 
CAUTICN lBD 3.581 PROFILES 2 M I N I M  SPECIFIC ENERGY 

I M I C N  SECNO; 3.702 PROFILE= 1 CRITICAL DEPTH M D  
CWTICN SECNO. 3.102 PROFILE= I MINIMM SPECIFIC E N W  
CWTICN S€O@ 3.102 PROFILE 2 CRITICAL DEPTH ASSUFlED 

I W T l C N  S€O@ 3.102 PROFILE- 2 M I N I M  SPECIFIC HEN 

m ~ ~ l f f i  S E W  3.731 PROFILE= 2 CCNVEYANCE CHAM CUTSIDE ACCEPTABLE RBNGE 

PAGE 18 

Simons, Li & Associates, Inq, 



I 
NMCWAY DATA, SLANFIl .MT 

- F L W Y  - WATER SURFACE ELEVATICN 
STATICN WIDTH SECTlCN WN WITH WIWT DIFFERENCE 

I AREA VELCClN F L W Y  F L W Y  
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Simons, Li 81 Associates, Inc. 



APPENDIX C. W-WASH2A.DAT HEC-2 
INPUTIOUTPUT LISTING 
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Sirnons, Li & Associe?tes, Inc. 

I 
H E M  RELEASE DATED SEP 88 UPDATED SEPT 1989 

ERROR CORR - 01,02.03 

1 2  1 0 0 - Y W  STm NENT 
U ' S  100-YR FLCODPLAIN RUN 

1 NINV IDIR STRT KlR, H i l N S  Q W L  FQ 

J2 NPROF IPLOT PRFYS XSECV XSECH M A L L K  IN CHNIM ITFACE 

1 I3 VARIIBLE mOn FO? SLRY PRINTWT 



PAGE 2 

ci ,:,. ' t : :  fi , . . , - , r .  ;.: .,., *.,.,. . , . . -,,..> : . , D L L  .,-., f?C" 

J1 ICHECK INQ NlNV I D I R  STRT METRIC HVINS Q E E L  FQ 

3 0 0 0 0 .5 0 1630.29 0 

I 32 NPROF IPLOT PRFVS XSECY XSEM FN A L L K  IBW M N I M  ITRACE 

15 0 -1 0 0 0 -1 0 0 0 
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Simcns, l i  & Associates, 1nC. 

I HEM RELEASE DATED SEP 88 UPDATED SEPT 1989 

ERROR CORR - 01,02,03 

1 WE- ASTERISK i*) AT LEFT OF C W S E C T I O I  MUBER INDICATE E W G E  I N  SJFMRRY OF E L L S  LIST 

I 
S E W  @EEL V L B  VCi VK8 plB @I QW DEPTH TOWID SSTA ENCGT 
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SECNO WEL VLCB VCi  'IROB QLCB W QROB DEPM TOPWID STA HGST 



O L E  EMIN 10*KS K%L XLCH SHEAR FRCH 



I W I N G  %cm 
WARNING SErnG= 

I CAUTION %cm 
CAUTION S E W  
WARNING %ON@ 

I WARNING SEW= 
W I N G  s w  

3.500 PROFILE= 1 WNE(IWCE CHANGE CUTSIE ACCEPTABLE W G E  
3.500 F W I L E =  2 CCFIVEYMCE W G E  W T S l E  ACCEPTABLE W E  

3.581 PROFILE: 1 CCNVEYIWCE MANGE OUTS[OE ACCEPTABLE W G F  
3.581 PROFILE= 2 CCFIVEYANCE CHANGE alTSIOE ACCEPTABLE W G E  

3.702 PROFILE= 1 CRITICAL DEPTH ASSUMLED 
3.702 PROFILE= 1 MINIMJN SPECIFIC WERGYY 
3.102 PROFILE= 2 CCFIVEYNCE CHFJJGE OUTSIE ACCEPTABLE M E  

3.759 PROFILE= 1 CCNVEYME CHANGE WTSlDE ACCEPTABLE W G E  
3.759 PROFILE= 2 CaVVEYNCE W G E  OUTSIDE ACCEPTABLE W G E  
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1 q.@lWAY DATA, W 4 W i 2 A  bb' 
PROFILE NO 2 

- F L C O W  ------- WATER SURFACE ELNATICN I STATICN YlOlH i B T l O i  M E N  1 W I W T  DIFFERWE 
AREA VELCClN F L C O W  

PAGE 1 
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APPENDIX D. WLBFWY1.DAT HEC-2 
INPUT/~UTPUT LISTING 
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I 
T I  S I M ,  L 1  & PSSCCIATES, INC. 
72 WITWASH FLCOCWAY ANALYSIS FIX F C m  (PAZfC13) 1 73 Am F L W Y  E M P A R I W  

J1 ICHECK IN0  NINV I D l R  STRT METRIC HVlNS Q K E L  FQ 

J6 IHLEQ I W Y  SUBDIV STRTffi M I L E  

I I 



1 "I"":" 
GR 1641.0 

PAGE 2 
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Sirnons, Li & Associanes, I n c  
SEW WTt aJjEL C R I B  B E M  EG tN 

l o  
HL O L E S  BPNK EL& 

w.@ r;oi DRCA ALCR A l Q  AROB VOL TWA LEFTJRiMT 
TINE VLCB W11 VRCB XNL . W XNR WTN ELMIN SS iA  

I 
SLOPE XLCBL XLCH XLCBR ITRIAL ICC ICCNT WlRAR TOPWID ENCGT 

. 

I IHLEo = 1. mE*iFmE F R I c T I r n  im iaL, Is cmurm rs A i u o l m  rr 
PfiOFlLE TYPE. WllM CAY VARY FRCM REACH TO RUIaC. SEE W M E N T 4 T I O N  FOR 

I ""'". 
CRITICAL MPTH TO BE CALCULATED A1 ALL CROSS SECTICNS 

I CCHV= ,100 CMV= .300 
rSECN0 3.056 
3280 CRC6S SECTlCN 3.06 MENDED .27 FEET 



SK;NO DEPM CWSEL CRIK &ELK EG HV HL OCCGS BbNKELEV 1 c pi@ @Ji OR03 ALCB A C i  ARCB VOL TWA LEFIIRIWI 
TIME MCB W VRCB L XdR WM ELMIN SSTA 

I 
SLOPE XLCBL XLCH XLCBR ITRIAL IK IWNT @FAR TOPWID ENM 

( 3280 CW SECTICN 3.27 W E N W  .15 FEET 

- 
1490 Mi CAR0 USED 

1 3280 C K S  WlICN 3.36 WENUEO .68 FEET 

3280 CkW WTICN 3.44 MENDED . I4  FEET 

I 3.443 1.74 1660.94 l660.N .DO l66l.M .I0 3.85 .OO 1660.70 
2202. 1133. 166. 903. 602. 36. 342. 51. 12. 1660.60 

.28 1.88 4.55 2.64 .060 ,035 ,047 ,000 1659.20 1031 . O O  
4 I4 0 .DO 1581.60 2666.60 

PAGE 7 
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I l /16/91 13: 1 :58  PAGE 8 

Simonsl Li & Assoaates, lnc, 
S E ~ O  MPTH W E L  CRIW WELK EG l Q tiV HL ME! 8NK ELN 

@a @ QRCs ALCU AOI AM VOL 'MA LIEFT/Rl@!r 
TIME MCB V a l  VRcs L MU %4R W'N ELMIN SSTA 

I 
SLWE XLCBL XLCH XLCBR ITRIAL 1% I W T  CMiAR TOPWID Nffil 

3280 CROSS SECTLCN 3.50 D(IENDE0 

1 I 1 8 5  M I N I M  SPECIFIC [NEffiY 
3120 CRITICAL DEPTH ASSUMED 

3.500 3.38 1664.48 1664.48 1 2 2 0 2  936. 1 0  196. 
.30 1.10 6.13 1.20 

1 FLW 

I 1185 MINIMJM SPECIFIC ENEffiY 
3120 CRITICAL DEPTH ASRlMEO 

3.581 4.22 1668.32 1668.32 
2202. 393. 1045. 763. 

.33 1.48 6.65 1.93 I 00599, 410. 4 0 ,  m. 

I 7185 M I N I M  SPEClFIC ENERGY 
3120 CRITICAL DEPTH ASSUMED 

3.102 4.98 1673.48 1613.48 
2202. 151. 1414. 631. 

.37 2.05 7.31 2.19 
,006834 330. 2 1 0  220, 

1.38 FEET 

.48 F E R  



1 1/16/91 13 :7 :58  PAGE 9 

Simon% Li & A ~ c o c j ~ e ~ ~ ,  lnc. 
S E W  DEPTH CWSEL C R I K  E L K  EG HV 

I 0  

HL R E  BPNK E L N  
QLCB @Y OW AL@ A C i  ARoe VOL TWA LEFI/RIWi 

T I  V L m  WXI VRCB WL 'Ml MR wM ELMIN SSTA 

I 
SLWE XLCBL XLW XLCBR ITRIAL  ICC IWT CORAR TOW10 ENDST 

3301 HV CHPNGEO MRE MPN HVINS 

- 
3301 HV CHANGED MK(E THPN HVINS 

I 
3302 ~MING: WNVEYANCE WGE CUiSIDE OF ACCEPTABLE WE, KRATIO = 1.70 



PAGE 10 

Simans, Li & Associates, Inc. 

I TI SIMSIS, L1 & ASSCCIATES, INC 
(2 WITWPSII FLO[llklAY NALYSIS KIR FCailC (PAI-MCI1) 

73 AM? FLCOCWAY CCMPAR1SM.I 

I JI IMECK 1NQ NIW I D I R  S T l l  METRIC H I  Q %EL FQ 

0 3 0 0 0 0 0 0 1635 93 0 

1 J2 NPW IPLOT PW5 XECV fiEM R ALLK IN MNlM ITRACE 

I 15 0 -1 0 0 0 -1 0 0 0 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



1 1/16/91 ": I:'" 

S N  DEP'M W E L  CRIWS WSELK EG HV HL @LIE3 BANKELN 

l o  @LC8 I;CH QRCR ALGB A#! ARCR VOL TWA LEFT/RIGHT 
TIME VLCB V W  VRCB M L  M? M R  ELMIN SSTA 

I 
SLOPE XLCBL XLCH XLCBR ITRIAL ID: I O X T  W R  TOPWID E N K T  

, , & 

1 IHLEQ = 1 THEREFORE F Q l C T 1  LIE3 ill) I S  CALCUUIEO 15 A i U r C T l G i  OF 
PROFILE TYPE, WlICH CAN VARY FRCM REAM TO REAM. SEE C K L K N T A T I a J  FOR 

I mlLs. 
CRlTICAL DEPTH TO BE CALCULATED AT ALL C K X  SECTIMS 

- 
3410 ENCFOACHMENT S T A T I W  1130.0 2260.0 TYPE= 1 TARGET= 530.000 

2.942 3.53 1635.93 1635.63 1635.50 1636.18 .25 .OO .OO 1635.00 ( 2215, 860. 828. 5,. 2 .  1 1 8  131. 0. 0. 1635.00 
.OO 3.06 4.66 4.21 ,050 ,050 ,050 ,000 1632.40 1730.00 

- 
3470 B j C f i O A M T  S T A T I W  1510.0 2010.0 TYPE= 1 TARGET= 500.000 

3.056 3.31 1641.81 1641.24 1641.61 1641.96 .15 5.11 .01 1640.80 1 2 2  1609. 503. 90. 514. 161. 31. 8. 6. 1640.70 
.05 3.13 3.13 2.46 ,060 ,060 ,060 ,000 1638.50 1510.00 

I 3410 B4CfiOAWMENT S T A T I W  1600.0 2000.0 h P B  I TAKET= 400.000 
3.183 3.14 1648.14 1641.65 1647.59 1648.36 .21 6.38 .02 1641.00 
2202. 1303. 681. 212. 312. 160. 16. 18. 13. 1647.00 

.10 3.50 4.29 2.80 ,060 ,050 ,060 ,000 1645.00 1600.00 
5 14 0 .00 400.00 2000.00 

PAGE 11 
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( l / I 6 9 l  .: I:. PAGE 13 

Simons, Li & Assoa::'ces, Inc. 
S E N 0  M P l H  W L  C R I K  K E L K  EG l u 

HV HL OLOSS 8bNK E L N  
QLCs QCH QR08 ALCB ALY AKB VO! N4 ILTIIRIW- 

TIME VLCB V M  VRCB XNL YNOii XNR WTb ELMIN SSTA 

I SLOPE MCBL X L M  XLCBR [TRIAL ICC I C W T  CORaR TOPWIO ENDST 

I 3280 CRCGS SECTICN 3.58 EXTENDED .23 FEET 

7185 MINIMJM SPECIFIC ENERGY 
3120 CRITICAL OEPM M E 0  

7 A S T A T  1420.0 1820.0 TYPE= I T A R S 1  4DO.MO 
3.581 4.63 1668.73 1668.13 1668.32 1669.34 .61 2.86 -.I2 1668.80 
2202. 403. 1382. 917. 177. 180. 181. 46. 34. 1668.00 1 .23 2.21 1.69 2.30 060 ,035 060  000 l664lO IQO.00 

.007162 410. 400. 380. 0 12 0 .00 396.31 1820.00 

I 3265 DIVIUEO FLCN 

3280 CRCGS SECTICN 3.70 EXTENOEO .56 F E f l  

I 1185 MINIMJM SPECIFIC ENERGY 
3720 CRITICAL M P T t  A W E 0  



SKM DEPTH W L  CRlWS WSRK EG hV HL I Q 

OtOSS BPNK ELN 
OL@ cal QM AL@ AM AN VOL MA LEfT/RI&T 

TIME K C 8  WX1 VRCB L mJCi MR wM ELMIN SSiA 

I 
SLOPE XLCBL XLCH XLCBR ITRIAL ICC I W T  COMR TOPWID ENCGT 

I 3301 HV CHANGED M THAN HVINS 

1 3302 WANING: W P N C E  WE CUTSIDE OF ACCEPTABLE W E ,  KMTIO = 2.01 

Sirnons, 
PAGE 
L i  & 

14 
Associates, 



Simons, Li P@E~k!%ocrates, Inc, 

I 
NOTE- ASTERISK (*) AT LEFT OF CW.5-SECTICN NUMER INDICATES MESSAGE I N  SUFMARY OF ERRORS LlST 

I 
SEW M E L  DEPTH ELMIN VLCB VCH VK8 HL OLCGS 10% WL SSTA ENCGT 

2.942 1635.50 3.10 1632.40 3.20 5.48 4.63 .OO . O O  245.41 .OO 1582.00 2424.00 
2.942 1635.93 3.53 1632.40 3.06 4.66 4.21 .OD . O O  121.25 .OO 1730.00 2260.00 

I* 3.056 l64l.61 3.11 l6'38.50 2.29 2.41 1.65 5.88 .03 63.50 10.11 1312.00 2548.52 
3.056 7641.81 3.31 1638.5C 3 . i3  3.13 2.46 5.77 . G I  93.13 ; i . i 7  1510.00 i0;6.03 



PAGE I 6  
Simons, Li & Associates, Inc. 

I SECNO CWSEL OEPTH ELMIN VLCB VW VIKB HL O L E  10*KS W S L  SSTA WC61 

* 3.759 1615.92 5.22 1610.10 .OO 5.19 .OO . I 7  .21 22 .48  12.00 1025.95 1120.19 

I 
* 3.759 1616.42 5.72 1670.70 .OO 5.13 .OO .12 . 2 1  15.39 12.00 1025.07 1121.03 





I 
W R Y  OF ERR% bND SPECIAL NOTES 

W 1 1 6  EClG 3,056 P W I i E =  1 mMiM CHANGE CUTSIDE ACCEPTABLE W M E  

I CAUTION S E W  3.500 PROFILE= 1 CRITICAL OEPTP ASSUMED 
CAUTION SECNO. 3.500 PROFILE= 1 MINlMjM SPECIFIC ENERGY 
CAUTION S E W  3.500 PROFILE= 2 CRITICAL DEPTH ASSUmD 
CAUTION S E W  3.500 PROFILE= 2 MlNIMjM SPECIFlC ENERGY 

CAUTION S E W  3.581 W I L E =  1 CRITICAL DEPTH ASSUNRD 

I 
CAUTION SECNO. 3.581 PROFILE= 1 MINIMJM SPEClFIC ENERGY 
CAUTION S E W  3.581 PROFILE= 2 CRITICAL DEPTH h S W E D  
CAUTION EClG 3.581 PROFlLE= 2 MINIMJM SPECIFIC ENERGY 

I CAUTION S E W  3.702 PROFILE= 1 CRITICAL DEPTH ASSUMED 
CAUTION SECNO. 3.102 W I L E =  1 MlNIMJM SPECIFlC ENERGY 
CAUTION SEONO. 3.702 PROFILE= 2 CRITICAL DEPTH ASSUmD 

I CAUTION SX= 3.702 PROFILE= 2 MlNlfVM SPECIFIC ENERGY 

WARNING S E W  3.159 PROFICE: 1 CCNVEYANCE CHANGE CUTSIDE ACCEPTABLE RPNGE 

I 
W I N G  EClG 3.159 PROFILE= 2 W A N C E  CHANGE (LITSIDE ACCEPTABLE RANGE 

PAGE 18 
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I 
FLCCWAY DATA. A N  F L W Y  CCMPARISON 

-- FL030WAY ----- WER SJRFACE ELEVATION 
STATION WIDTH SECTICN MW WITH WIMCUT DIFFERENCE 

I AREA VELCClN FLWOWAY FLOQCWAY 

PAGE 19 
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APPENDIX E. ALTERNATIVE C 
NORMAL FLOW HYDRAULICS 



TABLE E-1.  ALTERNATIVE C NORMAL FLOW HYDRAULICS 

DESIGN PARAMETERS 

Discharge - - 2200 c f s  
n -va lue  = 0.03 
Bottom w i d t h  - - 

- 
100 ft 

Slope - 0.0086 ft/ft 
Side Slope = 3 : l  

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

NORMAL FLOW RESULTS 

Simons. Li & Associates, Inc. 
\"ilii. lirr.lLlni.\ n c1111 1:l>Zi11<.1.11112 ~'Ill,,ililill,ll 

I 

Depth - - 
- 

2.52 ft 
V e l o c i t y  - 8.1 fps  
Froude no. - - 0.93 
C r i t i c a l  depth - - 2.41 ft 
Hydraul i c  depth - - 2.36 ft 
Top w id th  - - 

- 
115.2 ft 

Flow area - 271.6 sa ft 
Wetted per imeter  = 116 f i  
Hyd rau l i c  r a d i u s  = 2.34 ft 



TABLE E-2. ALTERNATIVE C NORMAL FLOW HYDRAULICS 

DESIGN PARAMETERS 

D ischarge  - - 2200 c f s  
n - v a l u e  - - 0.03 
Bo t tom w i d t h  - - 

- 
226 ft 

S lope  - 0.0086 ft/ft 
S i d e  S lope - - 3: 1 

NORMAL FLOW RESULTS 

Depth  - - 1.56 ft 
V e l o c i t y  - - 6.1 f p s  
Froude no.  - - 0.87 
C r i t i c a l  dep th  - - 

- 
1.42 ft 

H y d r a u l i c  dep th  - 1.53 ft 
Top w i d t h  - - 235.4 ft 
Flow area - - 360.8 s q  ft 
Wetted p e r i m e t e r  = 235.9 ft 
H y d r a u l i c  r a d i u s  = 1.53 f t  



II TABLE E-3. ALTERNATIVE C NORMAL FLOW HYDRAULICS 

I 

DESIGN PARAMETERS 

2200 c f s  
n - v a l  ue 
Bo t tom w i d t h  100 ft 
S lope  - 0.0015 ft/ft 

NORMAL FLOW RESULTS 

Depth  - - 4.22 ft 
V e l o c i t y  - - 4.63 f p s  
Froude no. - - 0.42 
C r i t i c a l  d e p t h  - - 2.41 f t  
H y d r a u l i c  d e p t h  - - 3.79 f t  
Top w i d t h  - - 125.3 f t  
F low a rea  - - 475 sq ft 
Wet ted p e r i m e t e r  = 126.7 ft 
Hydrau l  i c r a d i u s  = 3.75 ft 



- 

TABLE E-4. ALTERNATIVE C NORMAL FLOW HYDRAULICS 

11 DESIGN PARAMETERS 
1 I 

Discharge - - 
- 

2200 c f s  
n -va lue  - 0.03 
Bottom w id th  - - 226 ft 
Slope - - 

- 
0.0015 ft/ft 

Side Slope - 3 : l  

NORMAL FLOW RESULTS 

Depth - - 
- 

2.63 f t  
V e l o c i t y  - 3.57 f p s  
Froude no. - - 0.39 
C r i t i c a l  depth - - 

- 
1 .42  ft 

Hyd rau l i c  depth - 2.55 ft 
Top w i d t h  - - 241.8 ft 
Flow area - - 616.1 sq f t  
Wetted per imeter  = 242.7 ft 
Hydrau l i c  r a d i u s  = 2.54 ft 



LEGEND . - - 

------- 1986 WITTMANN ADMS FLOODPLAIN L IMITS 
.llllllll 1986 WITTMANN ADMS FLOODWAY LIMITS --- -1990  FLOODPLAIN LIMITS 
=mm-mm 1990 FLOODWAY LIMITS 
****--0--* ADMS THALWEG DEVIATIONS 

FLOOD CONTROL DISTRICT 
OF 

MARICOPA COUNTY 

WITTMANN WASH 
1990 FLOODPLAINIFLOODWAY MAP 

DES. RLS CHK RAE I SHEET 1 OF 1 




