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PONDING CONDITIONS AT CAVE CREEK ROAD 

Cave Creek road c ros ses  over Cave Buttes  d ike  2 approximately 4400 f e e t  from 
t h e  aast , lend of the  d ike  ( f i g u r e  3 ) .  For e x i s t i n g  condi t ions ,  water t h a t  

a ponds t o  t h e  e a s t  of t h e  road-dike i n t e r s e c t i o n  can c ros s  t h e  road through a 
- 36 inch  p ipe  a t  the  road-dike i n t e r s e c t i o n  o r  through s i x ,  48 inch  p ipes  t h a t  

d r a i n  ,hxYnnamed wash c ros s ing  the  road approximately 900 f e e t  n o r t h  of t he  . * . , 
i n t e r s e c t i o n .  Cave creek  road improvements and sewer i n s t a l l a t i o n  w i l l  r a i s e  ' ' I  

t h e  road.by a s  much a s  5 f e e t  between t h e  d ike  and the  wash. The 48 i n c h  I ' i  

' .- < 

p i p e s  w i l l  be replaced by f i v e ,  8 '  X 1 2 '  box c u l v e r t s  and a 1 5 ' x  25 '  
e l l i p t i c a l  c u l v e r t  w i l l  be i n s t a l l e d  approximately 1 5 0 '  n o r t h  of t h e  road-dike 
i n t e r s e c t i o n .  These improvements w i l l  change the  drainage c h a r a c t e r i s t i c s  a£' 
t h e  ponding a rea .  . ' 

Flow. i n t o  t h e  ponding a r e a  comes from two sources:  1.) flow from smal l  waslies 
and overland flow t h a t  i s  captured by t h e  d ike  and 2 . )  overflow from t h e  box 
c t i l ve r t s  a t  t h e  unnamed wash. Because t h e  capac i ty  of t he  unnamed wash i s  
much smal le r  than  t h e  flows predic ted  t o  occur ,  it was modelled a s  i f  it 

, flowed d i r e c t l y  i n t o  t h e  ponding a rea  before  s p i l l i n g  through the  c u l v e r t s  ' 
. , 

. 

pondfng along t h e  d ike  was analyzed us ing  t h e  August, 1988 v e r s i o n  of t h e  U .  S. 
Army.Carps of Engineers HEC-1 computer program. The fol lowing s e c t i o n s  
desc r iPe  the  methods used t o  develop the  hydrologic  model f o r  t h i s  a n a l y s i s ;  
Suppcxting m a t e ~ i a l  and a d i s k e t t e  conta in ing  the  model can be found i n  t he  " 

' 

appendices t o  t h i s  r epo r t .  
% ,  

BkSIN.AND SUBBASIN DELINEATION 

B a ~ i n ' a n d  subbasin de l inea t ions  were done us ing  1990 a e r i a l  photography and 
7.5 minute USGS maps. A t o t a l  of 15  subbasins were used i n  t h e  model. These '-'- 

subbasjns  a r e  shown on the  watershed map. Because of t he  d i s t r i b u t a r y  flows 
i n  t h e  bas in ,  t h e  number of subbasins was he ld  t o  a minimum. Most of t h e  
subbasin concent ra t ion  po in t s  a r e  l oca t ed  a t  s p l i t  flow s i t e s  and along I _, * 

: ~ c o t t s d a l e  road.. Subbasins A and C correspond t o  subbasins used i n  a FEMA 
, f l o o d p l a i n  study f o r  t h i s  a rea .  The concent ra t ion  po in t s  of subbasins A and C 
were used by FEMA a s  appexes of a l l u v i a l  fans .  

The r a i n f a l l  used i n  t h i s  ana lys i s  was developed by the  U.S. Army Corps of 
Engineefs t o  p r e d i c t  t h e  s tandard p r o j e c t  f lood  f o r  t h e  des ign  of Cave Butbes . . , 
~am':( i976)  . The storm ,'developed by t h e  Corps has a 7 hour du ra t ion  ~ 9 t h  5 .b ' : I '  ' ' 

i nches  of t o t a l d r a i n f a l l  ( f i g u r e  4 ) .  From t h i s  storm the  Corps p red ic t ed  '3.27 
inches  of ' r a i n f a l l  excess .  The p a t t e r n  of r a i n f a l l  excess shown i n  f i g u r e  4 ' ' 

: 

was en te red  d i r e c t l y  i n t o i t h e  HEC-1 model and no r a i n f a l l  l o s s e s  were . .  . 
. . I , 

c e l c y l a t e d .  -- . . 

UNIT.HYDROGRAPH .AND.HYDROGRAPH GENERATION 

Runoff hydrograhps f o r  t h e  subbasins were generated from t h e  r a i n f a l l  excess  
. us ing  t h e  u n i t  hydrograph method. Unit  hydrographs f o r  t h e  subbasins  were 



determined by us ing  the  Phoenix v a l l e y  r eg iona l  S-graph and t h e  MCUHP2 
computer program. This S-graph was developed from streamflow d a t a  i n  t h e  
Phoenix a r e a .  The S-graph and t h e  method a r e  descr ibed  i n  t h e  FCD Hydrology 
Manual. The subbasin parameters and assumptions used t o  develop u n i t  
hydrographs f o r  t he  subbasins a r e  shown i n  t a b l e  1. 

STREAMFLOW ROUTING 

Flow was routed between concent ra t ion  po in t s  i n  t h e  HEC-1 model u s ing  t h e  
kinematic  wave rout ing  method. Because t h i s  method r e s u l t s  only i n  hydrograph 
t r a n s l a t i o n ,  and no hydrograph a t t e n u a t i o n ,  t h e  peak flows p red ic t ed  a t  
concen t r a t ion  po in t s  i n  t he  HEC-1 model may be h igher  than  would occur  i n  
r e a l i t y .  A s e n s i t i v i t y  a n a l y s i s  done on the  HEC-1 model showed t h a t  t h e  
p red ic t ed  ponding l e v e l  a t  t h e  road-dike i n t e r s e c t i o n  i s  no t  v e r y  s e n s i t i v e  t o  
changes i n  inf low hydrograph shape. 

The channel dimensions used f o r  kinematic  wave rout ing  a r e  based on equat ions 
developed by Dawdy (1979) t o  determine s t a b l e  channel geometry f o r  flow on 
a l l u v i a l  f ans .  The equat ions  and t h e  r e s u l t a n t  channel dimensions a r e  shown 
i n  t a b l e  2.  I n  order  t o  determine channel dimensions the  flow i n t o  t h e  
channel rou t ing  reach must be determined. This was done by running t h e  HEC-1 
model up t o  t h e  concent ra t ion  po in t  a t  t h e  t op  of t he  rout ing  reach and us ing  
t h i s  flow t o  determine channel dimensions. Channel dimensions a r e  t hen  
en te red  i n t o  the  model which i s  then  re run  t o  determine flow a t  t h e  t o p  of the  
nex t  rou t ing  reach downstream. A change i n  channel width w i l l  change t h e  
t r a v e l  time through the  reach. The drainage bas in  being s tud ied  c o n s i s t s  of 
p a r r a l e l l  rou t ing  reaches and i s  n o t  a branched channel system. Therefore,  
t h e  model i s  no t  very s e n s i t i v e  t o  t r a v e l  time through the  channel systems. 

HYDRAULICS OF THE PONDING AREA 

Outflow from the  ponding a r e a  a t  t h e  road-dike i n t e r s e c t i o n  occurs  through the  
1 5 '  x 25' e l l i p t i c a l  c u l v e r t . a n d  the  f i v e  8 '  x 1 2 '  box c u l v e r t s .  Flow in 
excess  of t h e  combined c u l v e r t  capac i ty  occurs  over  Cave Creek road a t  the box 
c u l v e r t  l oca t ion .  This i s  t h e  low p o i n t  of t h e  roadway. The fo l lowing  
assumptions were made i n  c a l c u l a t i n g  t h e  s tage-discharge r e l a t i o n s h i p  f o r  t he  
ponding a rea .  

1. I n l e t  c o n t r o l  was assumed a t  a l l  s t ages  f o r  t h e  15 '  x 25'  box c u l v e r t .  A 
maximum flow of 4000 c f s  was allowed through t h i s  c u l v e r t .  The equat ions  used 
t o  determine flow through the  c u l v e r t s  f o r  submerged and unsubmerged 
condi t ions  were developed by the  Federal  Highway Administrat ion (1985).  The 
equat ions  and c a l c u l a t i o n s  can be found i n  t h e  appendix. 

2. I n l e t  c o n t r o l  was assumed a t  a l l  s t ages  f o r  t h e  8 '  x 12 '  box c u l v e r t s ,  
The channel downstream of t he  c u l v e r t s  i s  no t  deeply entrenched and does not  
have any type  of bank p r o t e c t i o n  o r  s t a b a l i z a t i o n .  It i s  be l i eved  t h a t  i t  
w i l l  n o t  cause a s i g n i f i c a n t  backwater e f f e c t  a t  f u l l  flow cond i t i ons .  Also, 
t h e  des ign  r e p o r t  f o r  Cave Buttes  Dam i n d i c a t e s  t h a t  ponding behind t h e  dam 
w i l l  n o t  reach t h e  c u l v e r t  o u t l e t s .  Therefore,  it seemed reasonable t o  ignore 
t a i l w a t e r  i n  t h i s  a n a l y s i s .  



3 .  Discharge across  Cave Creek road was ca l cu la t ed  us ing  a  broad-cres ted  we i r  
equat ion.  The roadway p r o f i l e  i s  approximately t r i a n g u l a r  i n  shape wi th  the 
low po in t  being a t  t he  box c u l v e r t s .  I n  c a l c u l a t i n g  d ischarge ,  an average 
depth  above the  roadway (one-half t h e  depth a t  t he  low p o i n t )  was used a s  t h e  
a s  t h e  depth of flow over  t he  weir.  The top  width of water across  t h e  road was 
used a s  t he  width of t h e  weir.  

RESULTS 

The output  of t he  HEC-1 model i s  contained i n  t he  appendix. The fol lowing i s  
a  summary of the  c a l c u l a t e d  r e s u l t s :  

- peak flow i n t o  the  road-dike ponding a r e a  7500 c f s  

- peak flow captured along t h e  length  of t he  dike 4900 c f s  

- peak flow i n  t h e  unnamed wash 3850 c f s  

- maximum ponding e l e v a t i o n  behind the  d ike  1672.0 f t .  

- t o p  of d ike  1678.8 f t .  

- depth of flow over  Cave Creek road 0. f t .  

DISCUSSION 

The approximate ponding l i m i t s  and the  boundaries of t he  Flood Control  
D i s t r i c t ' s  right-of-way a r e  shown on p l a t e  2.  Although t h e  HEC-1 model 
i n d i c a t e s  t h a t  t he  maximum ponding e l e v a t i o n  i s  1670.8 f e e t ,  ponding from the  
p red ic t ed  flows would l i k e l y  reach an e l e v a t i o n  of 1672 f e e t ,  s i nce  t h i s  
e l e v a t i o n  must be reached before t h e  ponding a reas  behind the  box c u l v e r t s  and 
t h e  e l l i p t i c a l  c u l v e r t  func t ion  a s  a  s i n g l e  ponding a rea  ( a s  modelled i n  t h e  
HEC-1 runs ) .  P l a t e  2 shows t h a t  t he  FCD's right-of-way does n o t  inc lude  t h e  
e n t i r e  SPF ponding a rea .  The flooded a r e a  covers about 5.5 ac re s  and conta ins  
about  24 a c r e - f e e t  of water .  This volume of water i s  n o t  s i g n i f i c a n t  when 
compared t o  t h e  2470 a c r e - f e e t  of t o t a l  runoff .  The small  amount of s to rage  
volume i n  t h e  ponding a r e a  does very l i t t l e  t o  a t t e n u a t e  t he  peak inf low.  
Most of t h e  inf low quickly  d ra ins  t o  t h e  west s i d e  of Cave Creek road through 
t h e  box c u l v e r t s  and t h e  e l l i p t i c a l  c u l v e r t .  Because of t he  l a r g e  combined 
capac i ty  of t he  box c u l v e r t s , t h e  e l l i p t i c a l  c u l v e r t s  and the  roadway, t h e  
ponding l e v e l  i s  no t  very  s e n s i t i v e  t o  t h e  p red ic t ed  peak inf low.  Inc reas ing  
t h e  peak inf low from 7500 c f s  t o  12,500 c f s  w i l l  i nc rease  the  flooded a r e a  by 
6 a c r e s .  It should a l s o  be noted t h a t  runoff from smal le r  storms may a l s o  
have about t he  same ponding l i m i t s .  Likewise, i f  t h e  8.7 square mi les  of 
dra inage  a r e a  above Sco t t sda l e  road i s  excluded from t h e  a n a l y s i s ,  t h e  ponding 
l i m i t s  w i l l  no t  change s i g n i f i c a n t l y .  

The ponding behind t h e  dike causes very l i t t l e  a d d i t i o n a l  backwater a t  t h e  box 
c u l v e r t  l o c a t i o n  where t h e  unnamed wash c ros ses  Cave Creek road. As a  r e s u l t ,  



the changes caused by the dike to the natural limits of flooding along the 
unnamed wash are insignificant and will not be considered further. 

Flow that is intercepted along the length of the dike may create more of a 
flooding hazard than would occur if the dike was not present. The HEC-1 model 
predicts a peak flow of 4900 cfs along the dike. There is no channel along 
the dike to carry this flow efficiently to the culverts. There are also no 
well defined points of inflow along the dike. Therefore it is possible that a 
concentrated flow of 4900 cfs could backup at the point that it intercepts the 
dike and cause flooding north of the dike. Although a single concentrated 
flow was assumed to be the case in the HEC-1 model in order to calculate 
maximum ponding limits, it is probably not realistic. In reality, inflow 
along the dike is likely to occur as sheet flow and concentrated flow that 
intercepts the dike at multiple, unpredictable locations. For these types of 
flows, water ponding behind the dike, east of the ponding area shown on plate 
2, is not likely to exceed the current FCD right of way. 
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NEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY, 

DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT INFILTRATION 

KINEMATIC UAVE: NEW F I N I T E  DIFFERENCE ALGORITHM 

L I N E  

HEC-1 INPUT 

I D  HEC-1 MODEL FOR DRAINAGE AREA ABOVE CAVE BUTTES D IKE  # 2 
I D  

I D  - C.O.E. 7 HOUR RAINFALL EXCESS FOR THE SPF STORM (NO LOSSES CALCULATED) 

I D  - PHOENIX VALLEY S-GRAPH USED TO GENERATE RUNOFF FOR ALL SUBBASINS 

I D  - C.O.E. REGRESSION EQUATION USED TO DETERMINE SUBBASIN LAG 

I D  AVERAGE MANNING'S N OF 0.10 USED FOR K n  PARAMETER I N  THE REGRESSION EQ. 

I D  - CHANNEL DIMENSIONS FOR ROUTINGS BASED ON DAWDY (1979) ASSUMPTIONS: 

I D  WIDTH = 9.5Q**0.4, DEPTH = 0.07Q**0.4 

I D  - MANNING'S N OF 0 .025  ASSUMED FOR ALL CHANNELS 

I D  - RATING CURVE FOR PONDING AREA BEHIND CAVE CREEK ROAD I S  BASED ON IMPROVED 

I D  ROAD CONDITIONS AND NO PONDING ON THE WEST SIDE OF CAVE CREEK ROAD 

I D  - NO FLOW I S  DIVERTED OUT OF THE WATERSHED AT  THE SPL IT  FLOW SITES ALONG 

I D  THE WATERSHED BOUNDARY 

I D  

*DIAGRAM 
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A 

SUB-BASIN A 

3.558 

15 
3.27 

0.05 0.05 

0.1 0.1 

2.5 1.4 

0 0 

77. 77. 

541. 593. 

530. 477. 

126. 91. 
24. 24. 

KK r A  

KM ROUTE FLOW FROM A TO D 

KM CHANNEL DIMENSIONS BASED ON PEAK Q OF 3303 CFS 

RK 15000 0.02 0.025 TRAP 235 0 
* 

D 

SUB-BASIN D 

1.085 

0 0 0 

20. 20. 27. 70. 86. 102. 114. 127. 

212. 256. 236. 198. 174. 157. 136. 121. 

69. 48. 36. 34. 32. 20. 20. 16. 

6. 6. 6. 6. 6. 6. 6. 0. 

HEC-1 INPUT PAGE 2 

L INE 

KK cD 

KM COMBINE FLOWS FROM A AND D 

HC 2 
* 

KK r c D  

KM ROUTE FLOW FROM cD TO I 

KM CHANNEL DIMENSIONS BASED ON PEAK Q OF 3724 CFS 

RK 31000 0.017 0.025 TRAP 226 0 
* 

KK I 

KM SUB-BASIN I 

BA 1.982 

U I  37. 37. 37. 37. 110. 134. 157. 177. 



KK BOXIN 

KM INFLOW TO BOX CULVERTS UNDER CAVE CREEK ROAD 

KO 21 

HC 2 
* 

KK E 

KM SUB-BASIN E 

BA 0.8518 

U I  25. 25. 49. 92. 118. 136. 

U I  321. 288. 240. 211. 185. 160. 
U I  45. 42. 36. 25. 25. 12. 

U I  8. 8. 8. 0. 0. 0. 
* 

KK r E  

KM ROUTE FLOW FROM E TO J 

RK 13000 0.019 0.025 
* 

TRAP 130 0 

KK J 

KM SUB-BASIN J 

BA 0.8284 
U I  31. 31. 99. 137. 166. 193. 
U I  270. 231. 192. 160. 130. 83. 

U I  17. 9. 9. 9. 9. 9. 
* 

HEC-1 INPUT PAGE 3 

L I N E  

KK c J 

KM COMBINE FLOWS FROM J AND E 

HC 2 
* 

KK r J  

KM ROUTE FLOWS FROM J TO M 

RK 1150 0.017 0.025 
* 

TRAP 169 0 

KK M 

KM SUB-BASIN M 

BA 0.4337 

U I  17. 19. 61. 82. 98. 116. 

U I  135. 111. 92. 74. 46. 30. 



L I N E  

KK cM 

KM COMBINE FLOWS FROM r J  AND M 

HC 2 
* 

KK B 

KM SUB-BASIN B 

BA 1.085 

U I  37. 37. 102. 156. 192. 220. 258. 305. 406. 471. 

U I  376. 319. 276. 232. 196. 163. 115. 66. 63. 53. 

U I  37. 35. 11. 11. 11. 11. 11. 11. 11. 0. 
* 

KK r B 

KM ROUTE FLOWS FROM B TO C 

RK 9500 0.038 0.025 
* 

TRAP 149 0 

KK C 

KM SUB-BASIN C 

BA 2.112 

U I  44. 44. 44. 71. 148. 174. 207. 227. 248. 267. 

U I  296. 328. 359. 430. 521. 576. 496. 436. 392. 360. 
U I  331. 296. 269. 243. 219. 198. 161. 126. 84. 78. 

U I  73. 72. 58. 44. 44. 44. 20. 13. 13. 13. 

U I  13. 13. 13. 13. 13. 13. 13. 13. 0. 0. 
* 

KK CC 

KM COMBINE FLOWS FROM r B  AND C 

HC 2 
* 

HEC-1 INPUT 

KK r C 

KM ROUTE FLOWS FROM cC TO F 

RK 4500 0.016 0.025 TRAP 201 0 
* 

KK F 

KM SUB-BASIN F 

BA 0.1156 

U I  10. 39. 58. 93. 96. 65. 43. 19. 12. 5. 

U I 3. 3. 0. 0. 0. 0. 0. 0. 0. 0. 

KK cF  

KM COMBINE FLOWS FROM r C  AND F 
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L INE 

KK r c F  

KM ROUTE FLOWS FROM c F  TO H 

RK 8750 0.017 0.025 
* 

TRAP 202 0 

KK H 

KM SUB-BASIN H 

BA 0.3102 

U I  15. 29. 64. 83. 103. 135. 188. 149. 120. 95. 
U I  75. 49. 27. 23. 15. 9. 5. 5. 5. 5. 
* 

KK cH 

KM COMBINE FLOWS FROM r c F  AND H 

HC 2 
* 

KK L 

KM SUB-BASIN L 

BA 0.099 
U I  8. 32. 48. 74. 84. 57. 39. 19. 11. 6. 
U I 2. 2. 0. 0. 0. 0. 0. 0. 0. 0. 
* 

KK CL  

KM COMBINE FLOWS FROM cH AND L 

HC 2 
* 

KK dvl 
KM DIVERT FLOWS 

DT D I V  1 
D I  0 1000 50000 

DQ 0 0 0 
* 

HEC-I INPUT 

KK rdvl 
KM ROUTE CONTINUING FLOWS FROM dvl TO K 

RK 11000 0.018 0.025 TRAP 205 0 
* 

KK G 

KM SUB-BASIN G 

BA 0.2091 
U I  17. 67. 101. 156. 178. 120. 82. 39. 23. 12. 

U I  5. 5. 0. 0. 0. 0. 0. 0. 0. 0. 
* 
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L INE 

KK r G  

KM ROUTE FLOWS FROM G TO K 

RK 16250 0.019 0.025 TRAP 
* 

KK K 

KM SUB-BASIN K 

BA 0.7128 

U I  22. 22. 47. 82. 105. 

U I  282. 230. 196. 173. 148. 

U I  37. 34. 22. 22. 12. 

U I 7. 7. 0. 0. 0. 
* 

KK cK 

KM COMBINE FLOWS FROM rdvl ,  r G  AND K 

HC 3 
* 

KK dv2 

KM DIVERT FLOWS AT K 

DT D I V 2  

D I  0 1000 50000 

DQ 0 0 0 
* 

KK rdv2 

KM ROUTE CONTINUING FLOWS FROM dv2 TO N 

RK 4500 0.02 0.025 TRAP 
* 

KK N 

KM SUB-BASIN N 

BA 0.4515 

U I  18. 20. 63. 85. 102. 

U I  141. 116. 96. 77. 48. 

U I 5. 5. 5. 5. 5. 
* 

HEC-1 INPUT 

KK cN  

KM COMBINE FLOWS FROM rdv2 AND N 

HC 2 
* 

KK dv3 

KM DIVERT FLOWS AT N 

DT D I V  3 

D I 0 1000 50000 

DQ 0 0 0 
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KK rdv3 

KM ROUTE CONTINUING FLOWS FROM dv3 TO 0 

RK 7000 0.014 0.025 TRAP 236 0 
* 

KK 0 

KM SUB-BASIN 0 

BA 0.3436 

U I  18. 37. 77. 100. 125. 173. 212. 159. 127. 99. 

U I  74. 40. 29. 20. 15. 5. 5. 5. 5. 0. 
U I  0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
* 

KK D I K E I N  

KM TOTAL INFLOW TO THE EAST END OF CAVE BUTTES DIKE # 2 

KO 21 

HC 3 
* 

KK TOTAL 

KM TOTAL FLOW INFLOW TO PONDING AREA I F  WASH I S  DIVERTED TO POND 

KO 21 

HC 2 
* 

BASIN 

PONDING AREA AT THE INTERSECTION OF CAVE CREEK ROAD AND CAVE BUTTES 

DIKE # 2. RATING CURVE BASED ON IMPROVED ROAD CONDITIONS. 

21 
1 STOR 0 

0 0.37 0.74 1.32 2.32 3.86 5.94 8.60 11.9 16.0 

24.1 32.4 39.4 49.9 62.5 77.5 95.6 117 

0 217 600 1180 1890 2720 3650 4683 5800 6990 

8800 9900 10750 12500 15300 19300 24200 28600 

1660 1662.4 1663.4 1664.4 1665.4 1666.4 1667.4 1668.4 1669.4 1670.4 

1672.0 1673.2 1674 1675 1676 1677 1678 1678.8 



SCHEMATIC DIAGRAM OF STREAM NETWORK 

INPUT 

L I N E  ( V )  ROUTING (--->) DIVERSION OR PUMP FLOW 

0. (. ) CONNECTOR 

59 BOXIN ............ 

(<---) RETURN OF DIVERTED OR PUMPED FLOW 



------- > D I V  1 
dvl 

v 
v 

rdvl  

------- > D I V  2 

dv2 

v 
v 



DIKEIN.  

TOTAL. . . . . .  ...... 
v 
v 

BAS I N  

------- > D I V  3 
dv3 

v 
v 

rdv3 

(***) RUNOFF ALSO COMPUTED AT THIS LOCATION 



* BY THE COE I N  FEBRUARY 1981 * 
* REVISED 0 2  AUG 8 8  * 
* * 
* RUN DATE 12/07/1990 TIME 12:06:01 * 
* * 

* * 
* DODSON AND ASSOCIATES, INC. * 
* HYDROLOGIST AND C I V I L  ENGINEERS * 
* 7015  W TIDWELL SUITE 1 0 7  * 
* HOUSTON, TEXAS 7 7 0 9 2  * 
* (713 )  8 9 5 - 8 3 2 2  * 
* * 

HEC-1 MODEL FOR DRAINAGE AREA ABOVE CAVE BUTTES D IKE  # 2 

- C.O.E. 7 HOUR RAINFALL EXCESS FOR THE SPF STORM (NO LOSSES CALCULATED) 

- PHOENIX VALLEY S-GRAPH USED TO GENERATE RUNOFF FOR ALL SUBBASINS 

- C.O.E. REGRESSION EQUATION USED TO DETERMINE SUBBASIN LAG 

AVERAGE MANNING'S N OF 0.10 USED FOR K n  PARAMETER I N  THE REGRESSION EQ. 

- CHANNEL DIMENSIONS FOR ROUTINGS BASED ON DAWDY (1979 )  ASSUMPTIONS: 

WIDTH = 9.5Q**0.4, DEPTH = 0.07Q**0.4 

- MANNING'S N OF 0 .025  ASSUMED FOR ALL CHANNELS 

- RATING CURVE FOR PONDING AREA BEHIND CAVE CREEK ROAD I S  BASED ON IMPROVED 

ROAD CONDITIONS AND NO PONDING ON THE WEST SIDE OF CAVE CREEK ROAD 

- NO FLOW I S  DIVERTED OUT OF THE WATERSHED AT THE SPL IT  FLOW SITES ALONG 

THE WATERSHED BOUNDARY 

OUTPUT CONTROL VARIABLES 

IPRNT 5 PRINT CONTROL 

IPLOT 0 PLOT CONTROL 

QSCAL 0. HYDROGRAPH PLOT SCALE 

HYDROGRAPH TIME DATA 

NMIN 10 MINUTES I N  COMPUTATION INTERVAL 

IDATE 1 0 STARTING DATE 

I T I M E  0 0 0 0  STARTING TIME 

NQ 1 2 0  NUMBER OF HYDROGRAPH ORDINATES 

NDDATE 1 0 ENDING DATE 

NDTIME 1 9 5 0  ENDING TIME 

ICENT 19 CENTURY MARK 

COMPUTATION INTERVAL . I 7  HOURS 

TOTAL TIME BASE 19.83 HOURS 

ENGLISH UNITS 

DRAINAGE AREA SQUARE MILES 

PRECIPITATION DEPTH INCHES 

LENGTH, ELEVATION FEET 

FLOW CUBIC FEET PER SECOND 



STORAGE VOLUME ACRE-FEET 

SURFACE AREA ACRES 

TEMPERATURE DEGREES FAHRENHEIT 

@ *** FLOGRD - MAXIMUM NUMBER OF DX INTERVALS REACHED. MDX. 51  

TH IS  MAY AFFECT ACCURACY OF KW SOLUTION. TO REDUCE ERRORS SHORTEN CHANNEL ELEMENT = 3 

*** FLOGRD - MAXIMUM NUMBER OF DX INTERVALS REACHED. MDX= 51  

TH IS  MAY AFFECT ACCURACY OF KW SOLUTION. TO REDUCE ERRORS SHORTEN CHANNEL ELEMENT = 3 

* * 
5 9 K K  * BOXIN * 

* * 

61 KO OUTPUT CONTROL VARIABLES 

IPRNT 5 PRINT CONTROL 

IPLOT 0 PLOT CONTROL 

QSCAL 0. HYDROGRAPH PLOT SCALE 

IPNCH 0 PUNCH COMPUTED HYDROGRAPH 

IOUT 21 SAVE HYDROGRAPH ON THIS UNIT 

I S A V l  1 FIRST ORDINATE PUNCHED OR SAVED 

ISAV2 1 2 0  LAST ORDINATE PUNCHED OR SAVED 

TIMINT .I67 TIME INTERVAL I N  HOURS 

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

201 KK * D I K E I N  * 
* * 
************** 

203  KO OUTPUT CONTROL VARIABLES 

IPRNT 5 PRINT CONTROL 

IPLOT 0 PLOT CONTROL 

QSCAL 0. HYDROGRAPH PLOT SCALE 

IPNCH 0 PUNCH COMPUTED HYDROGRAPH 

IOUT 21 SAVE HYDROGRAPH ON THIS UNIT 

I S A V l  1 FIRST ORDINATE PUNCHED OR SAVED 

ISAV2 1 2 0  LAST ORDINATE PUNCHED OR SAVED 

T IMINT  .I67 TIME INTERVAL I N  HOURS 



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

205 KK * TOTAL * 
* * 
************** 

207 KO OUTPUT CONTROL VARIABLES 

IPRNT 5 PRINT CONTROL 

IPLOT 0 PLOT CONTROL 

QSCAL 0. .  HYDROGRAPH PLOT SCALE 

IPNCH 0 PUNCH COMPUTED HYDROGRAPH 

IOUT 21 SAVE HYDROGRAPH ON THIS UNIT 

I S A V l  1 FIRST ORDINATE PUNCHED OR SAVED 

ISAV2 1 2 0  LAST ORDINATE PUNCHED OR SAVED 

T IMINT  . I 6 7  TIME INTERVAL I N  HOURS 

B K K  BASIN 

2 1 2  KO OUTPUT CONTROL 

IPRNT 

IPLOT 

QSCAL 

IPNCH 

IOUT 

I S A V l  

ISAV2 

TIMINT 

VARIABLES 

5 PRINT CONTROL 

0 PLOT CONTROL 

0. HYDROGRAPH PLOT SCALE 

0 PUNCH COMPUTED HYDROGRAPH 

2 1  SAVE HYDROGRAPH ON THIS UNIT 

1 FIRST ORDINATE PUNCHED OR SAVED 

120 LAST ORDINATE PUNCHED OR SAVED 

. I 6 7  TIME INTERVAL I N  HOURS 



OPERATION 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT  

2 COMBINED AT 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

a ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT  

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

STATION 

A 

r A  

D 

c D  

r c D  

I 

BOXIN 

E 

r E 

J  

c J  

r J  

M 

cM 

B 

r B 

C 

c c  

r C 

F 

c F 

r c F  

H 

RUNOFF SUMMARY 

FLOW I N  CUBIC FEET PER SECOND 

TIME I N  HOURS, AREA I N  SQUARE MILES 

PEAK TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD 

FLOW PEAK 6-HOUR 24-HOUR 72-HOUR 

BASIN MAXIMUM TIME OF 

AREA STAGE MAX STAGE 



2 COMBINED AT 

HYDROGRAPH AT 

a 2 COMBINED AT  

DIVERSION TO 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT  

ROUTED TO 

HYDROGRAPH AT  

3 COMBINED AT 

DIVERSION TO 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

a 
HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

3 COMBINED AT 

2 COMBINED AT 

ROUTED TO 

c H  

L 

CL 

D I V  1 

dvl  

rdvl 

G 

r G  

K 

cK 

D I V  2 

dv2 

r d v 2  

N 

c N  

D I V  3 

d v 3  

r d v 3  

0 

D I K E I N  

TOTAL 

BASIN 



SUMMARY OF KINEMATIC WAVE ROUTING 

(FLOW I S  DIRECT RUNOFF WITHOUT BASE FLOW) 

INTERPOLATED TO 

COMPUTATION INTERVAL 

ISTAQ ELEMENT DT PEAK TIME TO VOLUME DT PEAK TIME TO VOLUME 

PEAK PEAK 

(MIN) (CFS) (MIN) ( I N )  (MIN) (CFS) (MIN) ( I N )  

r A  3 .33 2327.19 466.44 3.27 10.00 2310.28 460.00 3.26 

CONTINUITY SUMMARY (AC-FT) - INFLOW= 620.129 EXCESS= .000 OUTFLOW- 619.678 BASIN STORAGE= .384 PERCENT ERROR= .011 

CONTINUITY SUMMARY (AC-FT) - INFLOW- 749.725 EXCESS- .000 OUTFLOW= 744.350 BASIN STORAGE= 5.048 PERCENT ERROR= .044 

CONTINUITY SUMMARY (AC-FT) - INFLOW= 148.231 EXCESS= .000 OUTFLOW= 148.109 BASIN STORAGE= .098 PERCENT ERROR= .016 

r J  3 .37 1342.72 410.91 3.26 10.00 1342.71 410.00 3.27 

CONTINUITY SUMMARY (AC-FT) - INFLOW- 292.564 EXCESS= .000 OUTFLOW= 292.518 BASIN STORAGE= .018 PERCENT ERROR. .009 

r B 3 .43 972.85 400.20 3.26 10.00 972.74 400.00 3.27 

aTINUTINUITY SUMMARY (AC- IT)  - INFLOW= 188.813 EXCESS= .OOO OUTFLOW= 188.766 BASIN STORAGE. .029 PERCENT ERROR. .010 

r C 3 .33 2065.67 435.06 3.27 10.00 2061.15 440.00 3.27 

CONTINUITY SUMMARY (AC-FT) - INFLOW= 557.062 EXCESS= .000 OUTFLOW= 556.942 BASIN STORAGE= .067 PERCENT ERROR= .010 

r c F  3 .33 2069.56 449.70 3.26 10.00 2068.84 450.00 3.27 

CONTINUITY SUMMARY (AC-FT) - INFLOW.: 576.794 EXCESS= .000 OUTFLOW= 576.407 BASIN STORAGE= .302 PERCENT ERROR= .015 

r d v l  3 .32 2174.92 441.90 3.26 10.00 2171.72 440.00 3.26 

CONTINUITY SUMMARY (AC-FT) - INFLOW= 648.073 EXCESS= .000 OUTFLOW- 647.072 BASIN STORAGE- .a80 PERCENT ERROR= .019 

r G 3 .73 283.90 369.54 3.24 10.00 283.25 370.00 3.24 

CONTINUITY SUMMARY (AC-FT) - INFLOW= 36.258 EXCESS= .000 OUTFLOW- 36.166 BASIN STORAGE= .078 PERCENT ERROR. .040 



rdv2 3 .38 2792.00 424.22 3.26 10.00 2790.43 430.00 3.26 

CONTINUITY SUMMARY (AC-FT) - INFLOW= 807.160 EXCESS= .000 OUTFLOW= 806.494 BASIN STORAGE= .532 PERCENT ERROR= .017 

e rdv3 3 .37 3088.55 427.19 3.25 10.00 3080.94 430.00 3.25 

CONTINUITY SUMMARY (AC-FT) - INFLOW= 884.745 EXCESS= .000 OUTFLOW= 883.293 BASIN STORAGE= 1.261 PERCENT ERROR= .022 

*** NORMAL END OF HEC-1 *** 
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A. Introduction. 

APPENDIX A 
DESIGN METHODS AND EQUATIONS 

This appendix contains explanations of the equations and methods used to develop 
the design charts of this publication, where those equations and methods are not 
fully described in the main text. The following topics are  discussed: the design 
equations fo r  the unsubmerged and submerged inlet control nomographs, the dimension- 
less design curves for  culvert shapes and sizes without nomographs, and the dimen- 
sionless critical depth charts for  long span culverts and corrugated metal box cul- 
verts. 

B. Inlet Control Nomoera~h Eauations. 

The design equations used to develop the inlet control nomographs a re  based on 
the research conducted by the National Bureau of Standards (NBS) under the sponsor- 
ship of the Bureau of Public Roads (now the Federal Highway Administration). Seven 
progress reports were produced as a result of this research. Of these, the first 
and fourth through seventh reports dealt with the hydraulics of pipe and box culvert 
entrances, with and without tapered inlets. (4,7 to 10) These reports were one source 
of the equation coefficients and exponents, along with other references and  unpublished 
FHWA notes on the development of the nomographs. (56,57) 

The two basic conditions of inlet control depend upon whether the inlet end of 
the culvert is or is net submerged by the upstream headwater. If the inlet is not 
submerged, the inlet performs as  a weir. If the inlet is submerged, the inlet performs 
as an orifice. Equations are available for each of the above conditions. 

Between the unsubmerged and the submerged conditions, there is a transition zone 
for which the NBS research provided only limited information. The transition zone 
is defined empirically by drawing a curve between and tangent to the curves defined 
by the unsubmerged and submerged equations. In most cases, the transition zone is 
short and  the curve is easily constructed. 

Table 8 contains the unsubmerged and submerged inlet control design equations. 
Note that there are two forms of the unsubmerged equation. Form (1) is based on the 
specific head a t  critical depth, adjusted with two correction factors. Form (2) is 
an exponential equation similar to a weir equation. Form (1) is preferable from a 
theoretical standpoint. but form (2) is easier to apply and is the only documented 
form of equation for some of the inlet control nomographs. Either form of unsub- 
merged inlet control equation will produce adequate results. 

The constants for the equations in table 8 are given in table 9. Table 9 i s  
arranged in the same order a s  the design nomographs in appendix D, and  provides the 
unsubmergcd and subaerged equation coefficients for each shape, material, and edge 
configuration. For th: unsubmerged equations, the form of the equation is also noted. 



Table 8 
In le t  control design equations. 

UNSUBMERGED 1 

H W, He 
Form (1) ------- = ------ + K - 0.5. 

D D 

HW, M 

D 

SUBMERGED 3 

Definitions 

H W, Headwater depth above inlet control section invert, f t  
D Interior height of culvert barrel, f t  

Ec Specific head at critics1 depth (d, + vC2/2g), f t  
Discharge, f t3/s 

A Full cross sectional area of culvert barrel, f t 2  
S Culvert barrel slope, f t / f t  
K,M,c,Y Constants from table 9 

NOTES: 1 Equations (26) and (27) (unsubmerged) apply up to about Q/ADO.~ = 
3.5. 

2 For mitered inlets use +0.7S instead of -0.5s as the slope correc- 
tion factor. 

3 Equation (28) (submerged) applies above about Q/ADO.' = 4.0. 



SHAPE 
I CHART 

MATERIAL 

1 Circular 
Ccncrete 

2 Clrcular 
tlP 

UClDCllAPH 
SCALE - 

1 

2 
3 

1 

2 
3 

C w t a n t s  for  i n l e t  control &sign egrati-. 
L UNSVBMERGEO 

EWATlOl 

INLET EDGE OES" m rtmu K I( 

S+are  cdpe uihtJdual1 1 O.OC98 2.0 

Croon cnd u l h e e d r l l  .eon 2.0 

Groove cnd projecting .OW5 2.0 

Hb.6.11 
Mltrred to s l o p  
P r o j u t i m  

SUBMERGED 

C Y IefererKa 

/ 3 1 Circular 1 1 Beveled rim. 45' bevel8 1 .0018 2.50 .a300 .74 (57) 

 evel led rim. 33.7' bevrls* .0018 2.50 .0243 .d5 (57) 

30' t o  75' uingualt f lares - .026 1.0 .ON5 .81 (56) 

90' md 15' uinguall f (ares 1 .061 0.75 .WO .@I (561 

0' uinguall f lares .MI 0.75 .Ma .&? (8) 

45O ulnguall f la re  d=.WSO 2 3 1 0  .OW .80 (8) 

BOX 18' t o  ~ 3 . 7 ~  uinguall f la re  c!=.0&30 .0249 .lU (8) I 
10 Rectangular 1 W0 hesdvsll uf3/4* chanters 2 .515 .667 .03n .79 18) 

Box 2 W0 herdurll u14S0 bevels .495 .MI .0314 .82 (8) 

3 90' headuall ~133.10 bevels .466 .M7 .0252 .MS (8) 

Rutangular 

T o p  Bevels 

C II 8 0 x e  

45O mn-offset  u i m a l l  flares 
18.6' rcmof f re t  u i n w r l l  f lares 
18.4' m o f f s e t  uinguall f lares 

30' r k m d  barrel 

4S0 ui-l l  f l a w  - of fset  
33.7' u l n g u l l  f l a r n  . offset 
18.4' u i n g n l l  f l a m  - offset 

Thick w l l  projecting 
Thln wall projectin) 



Table 9 (continoed) 

Constants for i n l e t  cmt ro  r I sHIPE I I 
C U R T  AND K?KGQCPH 

NO. MATERIAL SCALE INLET EDGE OESCRIPTIW 

29 Horixmtal  1 Square edge with he&d l 
El l ipse 2 Grmw ed with headwall 
Car rere  3 Groom ed projecting 

Vert ical  SeJsrc edge wl th herc*all 
Croon md wlth he .du l l  

Car re te  Grmw md projecting 

34 P i p  Arch 1 90' headwall 

18" Corner 2 M l t e r e d  t o  s l o p  
U d i w  04 3 Projecting 

35 P i p  Arch 1 Projecting 

18" Corner 2 NO Beve(r 
Rndiur 04 3 33.7' Bewls 

56 Pip .  Arch 1 Projecting 
31" Corner No Bevels 
Rdiw M 33.P Bevels 

60.42 Arch U 1 w0 headwall 

2 M i t e r e d t o r l o p e  
3 Thin u a l l  projecting I Y I circular ( 1 I h m t h  t a p r e d  l n l r t  thront 

Roujh t a p r o d  l n l r t  throat 

I 56 1 e c t u  1 1 1 T n p e r w j  i n l e t  t h m t  

Rutangular Side tapred- less f a w r b l e  &ges 

S i c k  tapered-more favorable edges 

Rectangular 1 Siope tapred- less f m r n b l e  cckea 
Carre te  S l o p e  tscered-mre favorable rdgu 
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cc R W C ~  
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From : Dave Johnson 
Postmark: 1 November 1990 4:31 PM Delivered: 1 November 1990 4:31 PM 
S t a t u s :  Previously read 
Subjec t :  Cave Buttes  Dike #2 e a s t  of Cave Creek Road 
............................................................................. 
Message: A 

I want an a n a l y s i s  made of t he  c o n t r i b u t i n g  runoff t o  Cave But tes  
Dike #2 e a s t  of Cave Creek Road from Cave Creek Road upstream. The 

,,SPF flow must be routed t o  and along t h e  Dike t o  Cave Creek Road and - 
then  routed through and over t he  Road. The peak flows w i l l  then  be 
used t o  d e l i n e a t e  the  f looding l i m i t s  (ponding o r  conveyance) t o  , 

e x i s t i n g  D i s t r i c t  R/W. 
I n  a d d i t i o n ,  we need t o  e s t a b l i s h  the  condi t ions  along Dike #2 during 
t h e  PMF con t r ibu t ing  t o  Dike #2  East  of Cave Creek Road. I 
a n t i c i p a t e  t h a t  those flows w i l l  a l l  be d i v e r t e d  i n t o  t h e  Cave Buttes  
Reservoi r  without  overtopping of t he  Dike, however we need the  

.documentat ion r e f l e c t i n g  the  PMF condi t ion .  The i s s u e  of whether t h e  
combination Cave Creek Road/Dike t 2  e a s t  of Cave Creek Road 

. " s t r u c t u r e "  f a l l s  under ADWR Dam Safe ty  j u r i s d i c t i o n  w i l l  need t o  be 
reso lved ,  b u t  t h e  development of such d a t a  i s  s t i l l  necessary.  
I f  you have quest ions concerning da t a  f o r  t h e  Road o r  topo,  t a l k  t o  

n Rodriquez. 
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CC RWC 
CC JJT 

MESSAGE DISPLAY 

From : Dave Johnson 
Postmark: 1 November 1990 4:31 PM Delivered: 1 November 1990 4:31 PM 
Status : Previously read 
Subject: Cave Buttes Dike P2 east of Cave Creek Road 
............................................................................. 
Message: 
I want an analysis made of the contributing runoff to Cave Buttes 
Dike 12 east of Cave Creek Road from Cave Creek Road upstream. The 

S F  flow must be routed to and along the Dike to Cave Creek Road and 1 

then routed through and over the Road. The peak flows will then be 
used to delineate the flooding limits (ponding or conveyance) to 
existing District R/W. 
In addition, we need to establish the conditions along Dike 82 during 
the PMF contributing to Dike # 2  East of Cave Creek Road. I 
anticipate that those flows will all be diverted into the Cave Buttes 
Reservoir without overtopping of the Dike, however we need the 
documentation reflecting the PMF condition. The issue of whether the 
combination Cave Creek Road/Dike 12 east of Cave Creek Road 
"structuren falls under ADWR Dam Safety jurisdiction will need to be 
resolved, but the development of such data is still necessary. 
If you have questions concerning data for the Road or topo, talk to 
@I Rodriquez. 
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cc RWC: , ,. .-- : 
CC..- JJT . - :  

- 
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From: Dave Johnson 
Postmark: 1 November 1990 4:31 PM Delivered: 1 November 1990 4:31 PM 
S t a t u s :  Previously read 
Subjec t :  Cave Buttes Dike #2 e a s t  of Cave Creek Road 

Message: 
I want an a n a l y s i s  made of t h e  con t r ibu t ing  runoff t o  Cave Buttes 
Dike #-2 e a s t  of Cave Creek Road from Cave Creek Road upstream. The 

-SPF flow must be routed t o  and along t h e  Dike t o  Cave Creek ~ o a d m  
then  routed through and over t he  Road. The peak flows w i l l  then be 
used t o  d e l i n e a t e  the  f looding l i m i t s  (ponding o r  conveyance) t o  
e x i s t i n g  D i s t r i c t  R/W. 
I n  a d d i t i o n ,  we need t o  e s t a b l i s h  t h e  condi t ions  along Dike #2 during 
the  PMF con t r ibu t ing  t o  Dike # 2  East  of Cave Creek Road. I 
a n t i c i p a t e  t h a t  those flows w i l l  a l l  be d ive r t ed  i n t o  t h e  Cave But tes  
Reservoi r  without  overtopping of t he  Dike, however we need the  
documentation r e f l e c t i n g  the  PMF condi t ion .  The i s s u e  of whether t h e  
combination Cave Creek Road/Dike #2 e a s t  of Cave Creek Road 
" s t r u c t u r e "  f a l l s  under ADWR Dam Safe ty  j u r i s d i c t i o n  w i l l  need t o  be 
reso lved ,  b u t  the  development of such da t a  i s  s t i l l  necessary.  
I f  you have ques t ions  concerning da t a  f o r  t h e  Road o r  topo, t a l k  t o  

n Rodriquez. 
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* * 
* F L O O D  H Y D R O G 2 A P H  P A C K A G E  ( H E C - 1 )  * 
* B Y  T H E  C O E  I N  F E C ? G U A ! ? Y  1 9 . 5 1  * 
* R E V I S E D  C Z  A U C  8 3  * 

e * * 
* R U N  D A T E  1 1 / 0 1 / 1 F 9 0  T I M E  1 4 : 2 9 : 1 4  * 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* * 
* D O D S O N  A N D  A S S O C I A T E S /  I N C .  * 
* H Y D R C L O G I S T  A N D  C I V I L  E N G I N E E 2 S  * 
* 7 0 1 5  ki T I D W E L L  S U I T E  107  * 
* H O U S T O N /  T E X A S  77092  * 
ir ( 7 1 3 )  895 -8322  * 
* * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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* NO. ( . I  C O N N E C T O R  (<---I 2 E T U S N  O F  D I V E R T E D  O R  P U M P E D  FLOW * 

(***I R U N O F F  A L S O  C O K P U T E D  A T  T H I S  L O C A T I O N  * 



* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * x * * * * x * %  
* * 
* F L O O D  H Y D R O G R A P H  P A C K A G E  ( H E C - 1 )  * 
* SY  T H E  COE I N  F E Z F U A ? Y  1 2 5 1  * 
* R E V I S E D  C 2  AUG 3 5  * 
* X 

* R U N  D A T E  1 1 / 0 5 / 1 9 9 0  T IP :E  1 4 : 2 + : 1 . C  * 
* * 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* * 
j, D O D S O N  AND A S S C C I A T E S t  I N C .  * 
* H Y D 2 O L O G I S T  A N D  C I V I L  E N G I N E E R S  * 
* 7 0 1 5  W T I D W E L L  S U I T E  107 * 
* H O U S T O N /  T E X A S  7 7 0 9 2  * 
* ( 7 1 3 1  8 9 5 - 8 3 2 2  * 
* * 

S A S E  E O D E L  D E V E L 0 3 E 3  F R O M :  
S E r d E 2 A L  D S A I N b C F  ? L A M  F O R  P A R A D I S E  V A L L E Y  F A N  T E R R A C E  
C I T Y  O F  P H O E h I X  A R E A S  C 5 D 

R E V I S E D  f O 2  P M P  STOEP?  OF 7 . 5 5  I N C H E S  AND A U N I F O R M  L O S S  R A T E  O F  
G . 1 4 3  I N C H E S / H O U ? .  T.W. H I E S  7 - 1 1 - 9 0  

O U T F U T  C O N T R C L  V A S I A S L E S  
I F R N T  3 P S i N T  C O N T E O L  
I F L O T  O P L O T  C O N T S G L  
Q S C A L  G. H Y D R O G K A P H  P L O T  S C A L E  

H Y D K O G R A P H  T I X E  D A T A  
h T I N  5 M I N U T E S  I N  C O P I F U T A T I O h I  I N T E R V A L  

I D A T E  1 0 J A N 5 9  S T A R T I N G  D A T E  
I T I v I E  0000 S T A R T I N G  T I Y E  

N Q 2 4 0  N U R S E S  O F  H Y O Q O C P A P H  O R D I N A T E S  
EdDDATE 1 0 J A N 6 3  E N D I N G  D A T E  
N D T I X Z  1 9 5 5  E N D I N G  T I M E  
I C E N T  I c  C E N T U R Y  Y A R K  

C O X P U T A T I O N  I N T E s V 4 L  . O k  h O U g S  
T O T A L  T I Y E  3 A S E  1 9 . 9 2  t i O U ? S  

E N G L I S H  U M I T S  
D R A I N A G E  A ? E A  S G U A P E  h I L E S  
P A E C I P I T A T I O N  D E P T H  I N C H E S  
L E N G T H /  E L E V 4 T I O K  F E Z T  
F L O E  C U 5 I C  F E E T  P E 2  SECOND 
S T O R A G E  V C L U U E  A C 3 f - F E E T  
S U S F A C E  A S E A  A C R E S  
T E P I P E A A T U R E  D E G R E E S  F A H R F N Y E I T  

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

11 K K  * 1 4 3 0  * S U B  
* * 
* * * * * * * * * * * * * *  

R U N O F F  FRO? !  SU5 1 4 3 0  

10 I N  T I P I E  D A T A  FOA I Y P U T  T I V E  S E 2 I E S  
J X I Y I N  0 0  T I M E  I N T E B V A L  I N  M I N U T E S  

J X O A T E  1 0 J A N S 9  S T A g T I N G  D A T E  



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

G S T A R T I N G  T I F E  

1) S U S G A S I N  RUNOFF D A T A  

1 3  B A  S U B E A S I h  C H A R 4 C T E R I S T I C S  * T P i ? E A  1 3  S U B S A S I N  A P E A  

P R E C I P I T A T I O K  D A T A  * 
1 4  p a  STCRM 6 .69  B A S I N  T O T A L  P R E C I P I T A T I O N  

a 1 5  P I  I K C 2 E P E ; i T A L  P R E C I P I T P T I O N  PATTEi? ! !  
. C 3  . C73 . 0 3  .03 - 0 3  .03  . 0 3  .03 . 0 3  - 0 3  . C3 .03 . 29  . 2 8  .2!3 .28  - 2 8  . 2 S  . 2  9 .T8 - ?. 

@ . L c: . ilS . 2 E  . 2 &  

U N I F O R X  L O S S  R A T E  
ST R T L  .00 I N I T I A L  L O S S  
C N S T L  . 0 0  U N I F O R K  L O S S  Q A T E  
D T I X P  1 . I  9 P E R C E N T  I X P E 2 V I O U S  AREA 

K I N E M A T I C  !$AVE 
OVERLAND-FLOW E L E h E N T  FJO. 1  

L 2 4 0 .  O V E 2 L A N D  F L O K  L'NGTH 
S - 0 5 5 5  SCOPE 
N .ZOO ROUGHNESS C O E F F I C I E N T  

P 4 1 0 0 . 0  P E R C E N T  OF S U P B P S I N  
3 X [ti i FJ 5 V I N I M U F i  NUM3ER O F  DX I N T E R V A L S  

M A I N  C H A N N E L  
L 25800.  C H A N N E L  L E N G T H  
5 - 0 2 7 1  S L O P E  
N - 0 4 5  CHAMNEL ROUGHNESS C O E F F I C I E N T  

C A 1 . 4 3  C O P J T R I 2 U T I N C  AREA 
S H A P E  T 2 A P  C H A N N E L  S Y A P E  

1:' D 30.00 GOTTOM W I D T H  3 5  D I A R E T E R  
Z 3 .00  S I D E  S L O P E  

D X M I N  2 M I N I M U X  N U K 3 E R  OF DX I N T E R V A L S  
R U F S T Q  NO 2 O U T E  UPSTQEA 'A  HYDROGRAPH 

***  
COMPUTED K I N E M A T I C  P A R A M E T E R S  

V A D I A S L E  T I M E  S T E P  
( D T  SHOtdU I S  A  M I N I M U M )  

E L E It? E I"! T  A L P H A  iJ: D T  DX P E A K  T I M E  T O  VOLUVIE C I A X  I MUM 
P E A K  C E L E R I T Y  

( tb', I FJ 1 ( F T )  ( C F S )  ( M I N )  ( I N )  ( F P S )  

* 
C O N T I N U I T Y  SUl*?MAZY ( A C - F T )  - I N F L O b I =  . 0 0 0  E X C E S S =  510.870  OUTFLOW= 507.967  9 A S I N  STORAGE= - 0 7 8  P E R C E N T  E R R O 2 =  

* 
I N T E R P O L A T E D  TO S P E C I F I E D  C O M P U T A T I O N  I N T E R V A L  

HY DROGRAPH AT S T A T  I C N  1 4 3 0  * 



a 
T O T A L  R A I N F A L L  = 6 . 6 3 ~  T O T A L  L O S S  = .00, T O T A L  E X C E S S  = 6.69 

P E A K  FLOW T I M E  ~ ~ A X I M U I Y  A V E R A G E  FLOW 
( C F S )  ( H R )  6-Hi i .  24-HI?  72-Hi4 19.92-HR 

5587. 1.83 ( C F S )  1023.  3Q9.  309.  309.  
( I P J C H E S )  d . o L C  6 .655,  6.659 6 . 6 5 9  

( 4 C - F T )  507.  5 0 9 .  509. 509. 

C U X U L A T I V E  AREA = 1 . 4 3  S O  141 

* S U a i 3 A S I N  R U N O F F  D A T A  

S U 3 2 A S I R  C H A 2 A C T E R I S T I C S  
T P 9 E A  1.89 S U P 2 A S I Y  A R E A  

P R E C I P I T A T I O N  D A T A  

1 4  P B  STORZ 0.64 B A S I N  T O T A L  P Q E C I P I T A T I O N  

* 15 P I  I N C 3 E P ' E N T A L  P S E C I P I T A T I O N  P A T T E R N  
-03 .03 - 0 3  - 0 3  - 0 3  

U N I F O R M  L O S S  R A T E  
S T H T L  .00 I N I T I A L  L O S S  
C h S T L  .00 U N I F O q M  L O S S  ? A T E  
2 T I i ' i P  - 0 0  P E R C E N T  I : * !PESVIOUS A R E A  

K I N E X A T I C  W A V E  
O V E R L A N D - F L O ' d  

L 
S 
71 

P 4 
D X F I N  

M A I N  CHAAJNEL 
L 
s 
* I  

C  A 
S F A P E  

4 9 
Z 

D X ? { I N  
RUF STQ 

E L E M E N T  
240 .  

- 0 5 5 5  
. z o o  

100.C 
5 

24300.  
.0258 

,045 
1.89 
T R A P  

30.00 
3.00 

3 

4 0  

NO. 1 
O V E 2 L A & D  F L O V  L E N G T H  
S L O P E  
ROUGHNESS C C E F F I C I E N T  
F E R C E N T  OF S U S 3 A S I N  
M i h I X U f f  N U K 3 E R  O F  DX I N T E R V A L S  

C H P N N E L  LENGTH 
S L O P E  
C H A N N E L  ROUGHNESS C O E F F I C I E N T  
C O N T S I 3 U T I ? 4 G  4 R E A  
C H A N N E L  S H A P E  
SOTTOM W I D T H  0 2  D I A M E T E R  
S I D E  S L O P E  
: l I ~ I P i U ~  NUP'BE? OF DX I N T E R V A L S  
ROUTE U P S T R E A M  HYDROGRAPH 

*** 
CCPIPUTED K I N E Y 4 T I C  P A R 4 M E T E R S  

V A R I A B L E  T I K E  S T E P  



(DT SHOJr4 I S  A MINIMUM) * 
ELEPIENT ALPHA :I DT D X PEAK T I N E  T O  VOLUME MAXIMUM 

PEAK CELERITY 
( M I N I  ( FT) (CFS) ( M I N I  ( I N )  ( F P S )  

(I) 

e 
CONTINUITY SUKMARY ( A C - F T )  - IXFLOW= .000 EXCESS= 6 7 3 . 6 6 8  OUTFLOW= 670 .996  B A S I N  STORAGE= - 0 7 1  PERCENT E R R O R =  - 3 3 6  * 

INTERPOLATED T O  SPECIF IED COMPUTATION INTERVAL 

HYDROG?APH AT STATION 1 4 4 0  

TOTAL RAINFALL = ~ . 6 9 /  TOTAL LOSS = . 0 0 /  TOTAL E X C E S S  = 6.69 

PEAK FLOW T I P l E  KAXIMU?l AVERAGE FLOW 
(CFS) ( H R )  6-Hi4 24-H2 72-HR 19.92-HR 

7 3 8 1 .  1 - 8 3  (CFS)  1 3 5 1 .  40E. 408.  405.  * (INCHES) 6 .651 6 .667  6 .667  6 .667  
(AC-FT)  670.  5 7 1  . 671.  6 7 1 .  

e CUYULATIVE A R F A  = 1 . 3 9  S Q  I Y I  

* 2 7  HC H Y  D R O G R A P H  COP'ISINATIO?< 
I C O K ?  2 N U I Y ~ E R  OF HYDROGR9PHS TO COMEINE 

PEAK FLOW TIFiE KAXIMUb? A V E R A G E  FLOW 
( C F S )  (H i? )  6 -Hk 24-H?, 72-HR 19.92-HR 
1 2 9 6 8 .  1.83 (CFS)  2373 .  7 1  7. 7 1  7. 7 1 7 .  

( INCHES) 6 . 6 4 6  6 . 5 5 3  6.663 6.663 
( A C - F T I  1 1 7 7 .  1 1  30. 118r3. 1 1 3 0 .  



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

28  K K  * 1 4 5 0  * S U 8  
* It 

* * * * * * * * * * * * * *  
ilUF!OFF FROM SUE 1 4 5 0  A N D  ROUTE CP 14L1 

S U B Y A S I N  F U N O F F  D A T A  

P R E C I P I T A T I O N  D A T A  

1 4  P 5  STORI? 6 . 6 9  2 A S I N  T O T A L  P Q E C I P I T A T I O N  

I N C R E K E K T A L  P R E C I P I T A T I O N  P A T T E R N  
.C3 - 0 3  - 0 1  - 0 3  .03 - 0 3  - 0 3  - 0 3  .03 - 0 3  
. C 3  - 0 3  - 2 8  - 2 8  .28 - 2 8  - 2 8  - 2 8  .28 - 2 8  
- 2 6  . 2 6  . 2 8  - 2 3  

31  L U  U N I F O R N  L O S S  R.ATE 
S T R T L  .00  I F J I T I A L  L O S S  
C K S T L  . G O  U N I F O R M  L O S S  R A T E  
? ? T I M ?  1 . 0  P E S C i N T  i V 2 f R V I O U S  A R E A  

K I N E Y A T I C  WAVE 
32  U K  O V E R L A N D - F L O ' d  

L 
S 
N 

P A  
D X i Y i N  

3 3  RK M A I N  C H A N N E L  
L 
S  
N 

C A 
S H A P E  

I4 D 
z 

D X X I N  
R U P S T Q  

E L E K E N T  NO. 1 
200. O V E V L 4 N D  FLOW L E N G T H  

.0200  S L O F E  
.2OG f iOUGHNESS C C E F F I C I E N T  

100.0 P E R C E N T  OF S U 3 S A S I N  
S P: INIP,UX NUYSER O F  D X  I N T E R V A L S  

1 5 2 0 0 .  C Y A N N E L  L 5 N G T H  
.014? S L O P E  
.OL5 C H A N N E L  ROUGHNESS C O E F F I C I E N T  

- 7 7  C O N T R I W T I N G  AREA 
T R A P  C H A N N E L  SHADE 

30.GO Z O T T O K  L4 IDTH OR D I A M E T E R  
3.00 S I D E  S L O P E  

2 M I N I K U M  NU!Y8E? OF D X  I N T E R V A L S  
YES 3 O U T E  U P S T R E A Y  YYDROGRPPH 

*** 
COPIPUTED Y I N E P ! A T I C  P A R A M E T E R S  

V A R I A 3 L E  T I Y E  S T E P  
( D T  S H O J N  I S  A  M I N I M U M )  

E L E M E  NT 4 L P H A  i+i D T  0  X P E A K  T I M E  TO VOLUME M A X I M U M  
P E A K  C E L E R I T Y  

(WIPJ) ( F T )  ( C F S )  (MINI (IN) ( F P S )  

C O N T I Y U I T Y  SUFIXAHY ( A C - F T )  - I N F L O W =  11 79,549 E X C E S S =  273.363 OUTFLOW= 1448 .276  B A S I N  S T O R A G E =  - 1 9 0  P E R C E N T  ERROR= - 3 2 7  



4b I N T E V Q L A T E D  T O  S P E C I F I E D  C O M P U T A T I O N  I N T E R V A L  

* * *  * * *  * * *  

H Y D E O G ? A P H  A T  S T A T I O N  1 4 5 0  * 
T O T A L  R A I N F A L L  = 5 . 5 9 ,  T O T A L  L O S S  = .00, T O T A L  E X C E S S  = 6 . 6 9  

P E A K  FLOW T I N E  KAXIb lUP?  AVERAGE F L O V  
( C F S )  (HR 1 6-Hi? 24-Hr i  7 2 - H R  19.92-HR 
1 5 9 5 3 .  1 . 9 2  ( C F S )  291  0 .  930.  880.  8 8 0 .  

( I l J C H E S )  6 . 6 2 2  6 . 6 4 7  6 . 6 4 7  6 . 6 4 7  
( A C - F T )  1 4 4 3 .  1 4 4 9 .  1 4 4 0 .  1 4 4 9 .  

e C U M U L A T I V E  AREA = 4 . 0 9  S C  F I  

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

R U N O F F  F R O M  s u a  3 4 7 0  % ~ O U T E  S U ~  1 4 5 0  

* S U a S A S I N  RUNOFF D A T A  

36  B A  S U Y S A S I h  C H A S A C T E R I S T I C S  * TARE; \  .a1  S U F G A S I N  9 R E A  

P R E C I P I T A T I O N  D A T A  

a 
1 4  P B  S T  0  R I*; 6 . 6 9  B A S I N  T O T A L  P R E C I P I T A T I O N  

I k C R E F E N T A L  P R E C I P I T k T I O N  P A T T E R N  . C 3 -03 - 0 3  . 0 3  - 0 3  - 0 3  .03 - 0 3  .03  
.C3 . 0 3  - 2 8  - 2 3  . 2 8  .28  - 2 8  - 2 8  .25  

U N I F O R i 4  L O S S  R A T E  
S T i i T L  .OO I P d I T I 4 L  L O S S  
C h S T L  . 0 0  U N I F G Q X  L O S S  9 A T E  
R T I i f l F  4.30 P E E C E N T  I Y P E R V I O U S  AREA 

K Z N E Y A T I C  WAVE 
OVERLAND-FLO!J  E L E M E N T  N O .  1  

L 2 2 4 .  O V E R L A N D  FLOW L E N G T H  
s . 0212  SLOPE. 
t.i . I 5 0  ROUGHNESS C O E F F I C I E N T  

? A  100.0 P E R C E N T  OF S U 9 3 A S I N  
D X f i I N  5 M I N I r G U K  K U V Z E R  3 F  DX I N T E R V A L S  

M A I N  C H A N b E L  
L 1 5 5 0 0 .  C H k ! i r i E L  L E N G T H  
S . 0191  S L O P E  
Y . O L j  CHANb iEL  ROUSHh lESS C O E F F I C I E N T  

C A - 6 1  C O L T F I E U T I N G  A J E k  



ShAPE T S A ?  CYANFJEL S H A P E  
WD 30.00 N T T O K  W I D T H  O R  D I A W E T E R  

Z 2 0 . 0 0  S I D E  S L O P E  
D X F I P i  2 M IN IMUP1 N U M 3 E P  OF DX I U T E R V A L S  

RUFSTQ Y E S  2OUTE U P S T Q E A I I  H Y D R O G 9 A P H  

***  
COMPUTED K I N E i 4 A T I C  P A R A M E T E R S  

V A S I A S L E  T I M E  S T E P  
( D T  SHOkJN I S  k M I N I M U M )  

E L E M E N T  A L P H A  Z1 DT D  X  P E A K  T I M E  TO VOLUME MAX I MUK 
P E A K  C E L E R I T Y  

( K I ? J )  ( F T )  ( C F S )  ( M I N I  ( I N )  ( F P S )  

* 
C O N T I N U I T Y  SUMPlARY ( A C - F T )  - I N F L O W =  1 L 4 8 . 7 1 5  E X C E S S =  2513.455 OUTFLOW= 1 7 3 2 . 4 4 3  B A S I N  S T O P A C E =  - 2 7 4  P E R C E N T  E R R O R =  . 2 5 6  

* I N T E R P O L A T E D  T O  S P E C I F I E D  C O M P U T A T I O N  I N T E R V A L  

* 
T O T A L  R A I N F A L L  = 6 . 6 9 /  T O T A L  L O S S  = .00/  T O T 9 L  E X C E S S  = 6 . 6 9  

P E A K  FLOW T I N E  i 4 A X I M U M  AVERAGE FLOW 
( C F S )  ( H R )  6 - H k  2 4 - H R  7 2 - H R  1 9 . 9 2 - H R  
1 9 0 0 8 .  2 - 0 0  ( C F S )  3 4 7 2 -  1 0 5 2 .  1 0 5 2 .  1 0 5 2 .  

e ( I N C H E S )  6 . 5 9 5  6 .635 6.635 6 . 6 3 5  
( A C - F T )  1 7 2 2 .  1 7 3 2 .  1 7 3 2 .  1 7 3 2 .  

* C U R U L A T I V E  & S E A  = 4.39 S Q  M I  

* * 
* * * * A * * * * * * * * *  

R U N O F F  F R O M  sue 3 4 3 0  z R O U T E  su9 3 4 7 0  

a S U B i B A S I N  R U N O F F  D A T A  

4 2  B A  S U ~ ~ A S I K  C H A R A C T E S I S T I C S  * T A R E A  . 26  S U E B A S I N  A a E A  

P R E C I P I T A T I O N  D A T A  * 
1 4  P 8  STOP,?: 6 . 6 8  8 k S I N  T O T A L  P Q E C I P I T A T I O N  

* 1 5  P I  I N C R E C E V T A L  P R E C I P I T A T I O N  P A T T E R N  



4 3  L U  U N I F O R i q  LOSS HATE 
S T R T L  .00 I F I I T I A L  LOSS 
C K S T L  - 0 0  U N I F O R M  LOSS RATE 
R T  I;\!? 2.54  PERCENT I M P E R V I O U S  A 2 E A  

K I N E F I A T I C  i4AVE 
4 4  UK OVEALPND-FLO'A E L E K E N T  Y O .  1 

L 1 0 0 .  OVERLAND FLOW LENGTH 
S . 0 2 1 3  SLOPE 
N . I 0 0  ROUGHNESS C O E F F I C I E N T  

P 4 100.0 PERCEPIT O F  S U S B A S I N  
DXit  I N  5 M I N I M U f 4  N!JI'#I?ER OF DX I N T E S V A L S  

45 R K  M A I N  CHANNEL 
L 5 L 0 0 .  CHANP!EL L E N G T H  
S  - 0 1 6 7  S L O P E  
M - 0 4 5  CHANNEL ROUGHNESS C O E F F I C I E N T  

c A . 2 5  C O R T R I N T I N G  AREA 
SHAPE TRAP CHANNEL SHAPE 

Inl D 3 5 . 0 0  EOTTOV W I D T H  O R  D I A M E T E R  
Z 3 0 . 0 0  S I D E  SLOPE 

D X X I N  2 F l I N I M U K  N U K 9 E ?  OF DX I N T E S V A L S  
RUPSTQ YES ROUTE UPSTREAM H Y D F O G R A P H  

*** 
COMPUTED K I N E F A T I C  PARAMETERS 

V A q I A S L E  T I M E  STEP 
( D T  SHOSN I S  k M I N I M U M )  

ELEMENT ALPHA f-1 D T  D X  PEAK T I M E  TO VOLUNE M A X I M U M  
P E A K  CELE R I T Y  

( P I I N )  ( F T )  ( C F S )  ( K I N )  ( I N )  ( F P S )  

C O N T I N U I T Y  SUMMARY ( A C - F T )  - I N F L O W =  1 7 3 2 . 1  5 5  EXCESS= 9 2 . 4 C 5  OUTFLOW= 1 6 2 2 . 1 9 4  2 A S I N  STORAGE= . I 0 3  PERCENT ERROR= 

I N T E 2 P G L A T E D  TO S P E C I F I E D  COMPUTATION I N T E R V A L  

H Y D R O G R A P H  AT S T A T I O N  3430  

TOTAL R A I N F A L L  = 6 - 6 9 ,  T O T A L  L O S S  = - 0 0 ,  T O T A L  EXCESS = 6 . 6 9  

PEAK FLOW T I M E  MAXI i4UM A V E R A G E  FLOW 
( C F S )  ( H Z )  0-!4k 24-HR 7 2 - H R  1 9 . 9 2 - H R  
1 9 8 2 8 .  2 . 0 0  ( C F 2 )  3 6 5 1 .  1 1 0 3 .  1 1 0 5 .  1 1 0 8 .  

( I N C H E S )  6 . 5 5 6  6 . 5 3 4  6 . 6 3 4  6 . 6 3 4  
( . A c - F T )  1 8 1 0 .  1 8 2 3 .  1 8 2 3 .  1 8 2 3 .  

C U M U L A T I V E  A R E A  = 5 .15  S Q  M I  



************A* 

R U N O F F  F ~ O X  SU: 3 4 9 0  R O U T E  sua  3 4 5 0  

O U T F U T  CONTPCL V A R I A 6 L E S  
I F R N T  3 P 3 I N T  CONTROL 
I F L O T  0  P L O T  CONTROL 
G S C 4 L  0. HYDROGRAPH P L O T  S C A L E  
I F N C H  0 DUNCH COMPUTED HYDROGRAPH 

I O U T  2 1  S A V E  HYDPOGRA?H O N  T H I S  U N I T  
I S A V I  1 F I R S T  O R D I N A T E  P U N C H E D  OR SAVED 
I S 4 V 2  2 4 0  L A S T  O 2 D I N A T E  P U N C H E D  O R  SAVED 

T I Y I N T  - 0 8 3  T I M E  I N T E 2 V A L  I N  HOURS 

S U S 2 A S I N  PUidOFF D A T A  

S U 3 9 d S I h  C H A R A C T E R I S T I C S  
TFi?CA - 7 2  S U 5 B A S I Y  AREA 

P R E C I P I T A T I O N  D A T A  

ST09?1  6 . 6 9  S A S I N  T O T F L  P Q E C I P I T A T I O N  

I R C R E V E N T A L  ~ R E C I P I T P T I O N  P A T T E R N  
.C3 .03 .03 .03 . 0 3  
.C3 - 0 3  .i5 . 2 8  . 2 8  
.ia - 2 8  . 2 8  . 2 8  

U N I F O R M  L O S S  R A T E  
S T R T L  . 0 0  I N I T I A L  L O S S  
C N S T L  .OG U N I F O S X  L O S S  R A T E  
R T I 6 ! P  3 . 8 6  P E R C E N T  I Y P E R V I O U S  AREA 

K I V E M A T I C  WAVE 
OVEqLPND-FLO:s!  E L E M E N T  NO. 1 

L 1 0 0 .  O V E s L A N D  FLCW L E N G T H  
S  , 0 2 1 3  S L O P E  
N , 1 0 0  R O U G H k E S S  C O E F F I C I E Y T  

P A  1 0 0 . 0  F E R C E N T  OF S U 9 3 A S I N  
D X i 4 I N  5 t q I N I M U K  N U V 9 E R  O F  DX I N T E R V A L S  

M P I N  C H A N N E L  
L 1 0 1  0 0 .  C H A K K 4 L  L E N G T H  
5 -0ILLC; S L O P E  
N . 0 L 5  C H A N N E L  ROUGHhJESS C O E F F I C I E N T  

C A .72 C O h T ? I S U T I N G  A R Z A  
S h A P E  T R A 3  C H A N N E L  SHAPE 

WD 50 .09  50TTO: f  ' A I D T H  OR D I A M E T E R  
z 40 .00  SIDE S L O P E  

P X P I N  2 X I N I X U K  N U F S E  O F  D X  I N T E R V A L S  
RUFETQ Y E S  ROUTE U P S T R E A V  HYDROGRAPH 

V A P I A S L E  T I N E  S T E P  
( D T  SYOWM I S  A  M I N I M U N )  



E L E M E N T  A L P H A  Pi D T  D  X  P E A K  T I M E  TO V O L U K E  M A X I M U M  
P E A K  C E L E R I T Y  

( P I N )  ( F T )  ( C F S )  ( M I N I  ( I N )  ( F D S )  

C O N T I N U I T Y  SUPi:vIARY ( A C - F T )  - I N F L O W =  1,325.352 E X C E S S =  256.737 OUTFLOW= 2075.480 B A S I N  STORAGE= - 3 1 8  P E R C E N T  E R R O R =  - 2 0 6  

I N T E R P O L , A T E D  TO S P E C I F I E D  C O N P U T A T I O N  I N T E R V A L  

HYDROGRAPH AT S T A T I O N  3 4 9 0  

T O T A L  R A I N F A L L  = 6 . 6 9 ,  T O T A L  L O S S  = .00/  T O T A L  EXCESS = 6.69 

P E A K  FLOW T I l 4 E  M A X I M U M  AVERAGE FLOW 
( C F S )  ( H R )  6 -HR 24-HF? 72-WR 19.92-HR 
21 149.  2.08 ( C F S )  4145. 1261.  1261.  1 2 6 1  

( I N C H E S )  6.562 0.627 6.627 6.627 
( A C - F T )  2056. 2076. 2 0 7 6 .  2076. 

C U M U L A T I V E  AREA = 5.87 S C  ? I  

************A* 

* * 
53 K K  * 1 4 7 0  * S U 3  

* -& 

* * * * * * * * * * * * * *  
R U N O F F  F R O M  S U 3  1 4 7 0  

S U i 3 3 A S I N  RUNOFF D A T A  

S U B E A S I h  C H A S A C T E R I S T I C S  
T P R E A  - 3 0  S U E l A S I N  A R E A  

P R E C I P I T A T I O N  D A T A  

STOE!'r 6.63 B A S I N  T O T A L  P R E C I P I T A T I O N  

I N C R E P E N T A L  P R E C I P I T A T I O N  P A T T E R V  
. G 3  -03 .03 .03 - 0 3  
.C3 . a3  . 2 3  - 2 3  - 2 5  - - 
. ~ b  . 2 ?  . 2 8  .ZC3 

U N I F O R ?  L O S S  9 A T E  
S T R T L  .O0 I N I T I A L  L O S S  
C h S T L  .00  U N I F G ? ?  L O S S  R A T E  
R T I M P  .00 P E R C E N T  I T * l F E R V I O U S  AREA 

K I N E K A T I C  bJAVE 



O V E 2 L A N D - F L O ' d  E L E M E N T  NO. 1 

P A  10 r3 .0  * D X K I N  5 
5 8  RK M A I N  C H A N N E L  

L 1 5 0 0 0 .  

S H A P E  T R A P  
WD 20.00 

O V E F L A N D  FLOW L E N G T H  
S L O P ?  
ROUGHNESS C O E F F I C I E N T  
P E R C E N T  OF S U s R A S I N  
M I N I P l U X  N U ? P E 9  O F  DX I N T E 2 V A L S  

C H A N N E L  L E N G T H  
S L O P E  
C H A N N E L  ROUGHNESS C O E F F I C I E N T  
C O N T R I h U T I N G  AREA 
CHAFJhEL SHPPE 
5 3 T T O M  W I D T H  O R  D I A Y E T E R  
S I D E  S L O P E  
M I K I P ' U M  N U M E E S  O F  D X  I N T E R V A L S  
R O U T E  UPSTREAI4  HYDROGRAPH 

***  
COMPUTED K I N E M A T I C  P A R A M E T E R S  

V A R I A 3 L E  T I M E  S T E P  
( D T  SHOWN I S  A M I N I M U M )  

ELEF:ENT A L P H A  ?.: D T  D X  P E A K  T I M E  TO V O L U K E  F l A X I N U M  
P E A K  C E L E R I T Y  

(KIN) ( F T )  ( C F S )  ( M I N I  ( I N )  ( F P S )  

C O N T I N U I T Y  SUf4IMARY ( A C - F T )  - IFJFLObI=  .000 E X C E S S =  1 0 6 . 2 1 3  OUTFLOW= 1 0 5 . 9 0 3  a A S I N  STORAGE= - 0 0 8  P E R C E N T  ERROR= 2 5 4  

* I N T E H P G L A T E D  TO S P E C I F I E D  C O K P U T A T I O N  I N T E R V A L  

* * *  ***  *** 

HYDROGRAPH AT S T A T I O N  1470  

* T O T A L  R A I N F A L L  = 6 . 6 9 ~  T O T A L  L O S S  = . 00 /  T O T A L  E X C E S S  = 6 - 6 9  

P E A K  FLOW T I K E  K A X I M U M  AVERPGE FLOW * ( C F S )  ( H R )  6-HF! 24-HP, 7 2 - H R  1 9 . 9 2 - H R  
11 6 4 .  1 . d 3  ( C F S )  21 3. 6 4 .  6 4 .  6 4 .  

( I N C H E S )  6 . 6 5 5  6.575 6.578 6.678 
( A C - F T )  1 0 6 .  1 0 6 .  1 0 6 .  1 0 6 .  

C U M U L A T I V E  A 2 E A  = - 3 0  5 3  P I  * 

* * * 5 9  K K  * 1 4 7 5  * s u a  
* * 
* *************  * ~ U N O F F  F R O M  S U ~  147;  A N D  R O U T E  sua  7470 



S U E S A S I N  RUNOFF D A T A  

S U B B A S I h  C H A R A C T E R I S T I C S  

P R E C I P I T A T I O N  D A T A  

1 4  P 9  S  T  O  R  i.1 6 .69 3 A S I N  T O T A L  P R E C I P I T A T I O N  

1 5  P I  I N C R E Y E N T A L  P R E C I P I T A T I O N  PATTERPJ 

.C3 . 0 3  . 0 3  . 0 3  . 0 3  . 0 3  . 0 3  - 0 3  - - .C3 - 0 3  . C Q  .25 . 2 8  - 2 8  - 2 8  - 2 8  
- 2 5  - 2 8  .ZE . 2 3  * 

6 2  L U  U N I F O R M  L O S S  R A T E  
S T R T L  - 0 0  I N I T I A L  L O S S  

4B C l i S T L  . O i l  U N I F O F ?  L O S S  4 A T E  
R T I M P  .00  P E R C E N T  I i , ? P E R V I O U S  AREA 

K I N E M A T I C  WAVE 
63 U K  O V E a L A N D - F L O X  E L E K E N T  NO. 1 

L 2 8 5 .  O V E R L 4 N D  FLOW L E N G T H  

S , 0 4 1 9  S L O P E  
N ,200 ROUGHNESS C O E F F I C I E N T  

PA 1 0 0 . 0  P E R C E N T  O F  S U 3 B A S I N  * D X Y I N  5 ~ + I I N I M U P  NUMSER OF DX I N T E R V A L S  
64  R K  M A I N  C H A N N E L  

L 1 7 6 0 0 .  C H A N N E L  L E N G T H  * S . 0 1 1 3  S L O P E  
N . 0 4 5  C H A N N E L  SOUGHNESS C O E F F I C I E N T  

C A 1 - 6 9  C O N T R I l U i I N G  AREA * SHAPE T E A P  C H A N N E L  S H A P E  
id 0 2 5 . 0 0  3OTTOPl  W I D T H  0 9  D I A M E T E R  

Z 3 . 0 0  S I D E  S L O P E  * D X K I N  2 M I N I M U M  N U M P E Q  OF DX I N T E R V A L S  
RUFSTQ YES ROUTE U P S T R E A M  HYDRCGRAPH 

* **  
COI4PUTEE K I N E M b T I C  P A R A M E T E R S  

V A F I A 3 L E  T I M E  S T E P  
( D T  SHO'vIN I S  A M I N I M U M )  

ELEil;,ENT A L P H A  M t3T D X  P E A K  T I M E  T O  VOLUME 
P E A K  

( P I N )  ( F T )  ( C F S )  ( M I N I  ( I N )  

C O N T I N U I T Y  SUPiMARY ( A C - F T )  - I?dFLOW= 1 0 6 . 0 3 2  E X C E S S =  6 0 2 . 7 7 6  OUTFLOW= 7 0 6 . 5 3 5  E l A S I N  STORAGE= 

* I N T E R P O L A T E D  TO S P E C I F I E D  C O N P U T A T I O N  I N T E R V A L  

3 - 7 6  1 . 5 0  5 . 0 0  

* *+  ***  ***  

HYDRCGRAPH AT S T A T I O R  1 4 7 5  

M A X I M U M  
C E L E R I T Y  

( F P S )  

- 0 7 0  P E R C E N T  ERROR= 

l * T O T A L  R A I N F A L L  = 6 . 6 9 1  T O T k L  L O S S  = . g o t  T O T 9 L  E X C E S S  = 6 . 6 9  



P E A K  FLOW T I  I 4  E f 4 A X I M U ?  A V E R A G E  FLOW * ( C F S )  ( H R )  6 - H ?  2 4 - H R  7 2 - H R  1 9 . 9 2 - H R  
7 7 6 4 .  1 . 9 2  ( C F S )  1 L 2 0 .  4 2 9 .  L 2 9 .  4 2 9 .  

( I N C H E S )  6 . 6 4 6  6 . 6 5 2  6 . 6 5 2  6 .662  * ( A C - F T )  7 0 4 .  7 0 0 .  706. 7 0 6 .  

C U M U L A T I V E  AREA = 1.9s; SO K I  

a 

**************  
~ U N O F F  F R O M  s u a  1 4 8 0  A N D  R O U T E  S U B  1 4 7 5  

S U S i 3 A S I N  L U N O F F  D A T A  

67 B A  S U B E A S I h  C H A n A C T E R I S T I C S  
T A H t A  I S U 5 2 A S I N  AREA 

a P Z E C I P I T A T I O N  D A T A  

1 4  P B  STi)RM 0 . 6 0  S A S I N  T O T A L  P R E C I ? I T A T I O N  

1 5  P I  I N C R E K E N T A L  P 2 E C I P I T A T I O N  P A T T E R N  * .C3 .03 . 0 3  . 03  . 0 3  .03  - 0 3  . 03  - 0 3  -03 
- 0 3  . 03 . 2 2  . 2 3  - 2 5  . 28 - 2 8  . 2 8  - 2 8  - 2 3  . 2 6  .i18 . 2 8  - 2 8  * 

6 8  L U  U N I F O R M  L O S S  R A T E  
S T R T L  .00 I N I T I A L  L O S S  
C h S T L  . O O  U N I F O 2 R  L O S S  R A T E  
R T I Y P  1 . 0 7  P E R C E N T  I P I P E R V I O U S  A R E A  

* K I N E R A T I C  WAVE 
69  UK O V E S L A N D - F L O W  E L E Y E N T  NO. 1 

L 3 0 0 .  O V E R L A N D  FLOW L E N G T H  

e 2 , 0 1 6 7  S L O P E  
N - 2 0 0  ROUGHNESS C O E F F I C I E N T  

? A  l o 0 . 0  F E R C E N T  OF S U P 3 A S I N  
3XP11M 5  i v i I M I X U f l  IJUKEER O F  DX I N T E R V A L S  

70 RK M A I N  C H A N N E L  
L 7 5 0 0 .  C H A K N 5 L  L E N G T H  
S . 0 2 1 3  S L O P E  
N - 0 4 5  C H A N N E L  ROUGHNESS C O E F F I C I E N T  

C A 1 . 0 0  C O N T S I B U T I Y G  AAEA * S H A P E  T R A P  C H A N N E L  S H A P E  
iJ D 25.00 3 0 T T O V  W I D T H  OR D I A Y E T E R  

Z 3 . 0 0  S I D E  S L O P E  * D X M I N  2 M I N I M U M  NUM3ER OF DX I N T E R V A L S  
2 U F S T Q  Y E S  ROUTE U ? S T ? E A M  HYDROGSPPH 

* * *  
COi*:PUTED K I N E M A T I C  P A R A M E T E R S  

V A ? I 4 E ? L E  T I M E  S T E P  
( D T  SHOWN I S  A  I Y I N I M U M )  



E L E F i E N T  q L P H 4  r4 D T  D X , P E A K  T I P I E  T O  V O L U M E  N A X I M U K  
P E A K  C E L E R I T Y  

( !I, I N  ( F T )  ( C F S )  ( M I N I  ( I N )  ( F P S )  

C O N T I N U I T Y  SUPlMARY ( A C - F T )  - I N F L O W =  706.035 E X C E S S =  357.313 O U T F L O W =  1062.334 B A S I N  S T O R A C E =  .050 PERCEPIT  ERROR= -091 

I) I $ T E R ? O L A T E D  T O  S P E C I F I E D  C O M P U T A T I O N  I N T E R V A L  

* **  * * *  *** 

H Y D S O G R A P H  A T  S T A T I O N  1489 

T O T A L  R A I N F A L L  = 6 . 6 3 ,  T O T 4 L  L O S S  = .00, T O T A L  E X C E S S  = 6.69 

P E A K  FLOW T I M E  M A X I V U Y  A V E 3 A G E  FLOW * ( C F S )  ( H R )  6 - H R  24-YR 7 2 - H R  19.92-HR 
11672. 1.92 ( C F S )  2 1 3 5 .  645. 6 4 5 .  645. 

( I N C H E S )  6.643 0.661 6.6151 6.661 
( A C - F T )  1059. 1 0 6 2 .  1062. 1062. 

C U M U L A T I V E  A R E A  = 2.39 S Q  31 

* * * 71 K K  A 1481 * D I V  
* * 
* * * * * * * * x * * * * *  

D I V E R T  FLOW F R O V  S U B  1430 TO S U B  3510 

D T  D I V E R S I C N  * I S T A D  14E2 D I V E 2 S I O N  H Y D R O G R A P H  I D E N T I F I C A T I O N  

D  I I N F L C W  

P E A K  FLOW 
( C F S )  

D I V E R T E D  F L G k  

* **  * * *  * * *  

D I V E R S I O N  H Y D R O G R A P H  1482 

P 9 X I M U X  A V E R A G E  FLOW 
6-HR 2 4 - H S  7 2 - H R  19.92-HR 

( C F S )  1 0 6 8 .  323. 323. 3 2 3 .  
( I N C H E S )  3.322 3.339 3.330 3.330 

( A C - F T )  529. 531. 531. 531. 

C U M U L A T I V E  A R E A  = 2.99 5 3  M I  



HYDROGRPPH AT S T A T I O N  1 4 e 1  

P E A K  FLOW T I M E  
( H R )  
I a 0 2  

Y A X I M U M  AVERAGE FLOW 
6-HI? 2 4 - H R  7 2 - H R  1 9 . 9 2 - H R  

( C F S )  1 0 6 5 .  3 2 3 .  3 2 3 .  3 2 3 .  
( I N C H E S )  3 .322  3 . 3 3 0  3 . 3 3 0  3 . 3 3 0  

( A C - F T )  5 2 3 .  5 3 1 .  5 3 1 .  531. 

C U M U L A T I V E  AREA = 2 . 9 9  S S  MI 

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

7 6  K K  * 3 5 1 0  * sua 
* * 
* *************  

R U N O F F  FROPI SUS 3 5 1 0  3 ROUTE D I V  1 4 8 1  

S U B B A S I N  RUNOFF D A T A  

SUE3EASI.h C H A R A C T E R I S T I C S  
T A R E A  1 . L O  S U 2 E k S I N  AREA 

P R E C I F I T A T I O N  D A T A  

S  T 0  R I+! 6 - 6 9  S A S I N  T O T A L  P R E C I P I T A T I O N  

U N I F O R P i  L O S S  R:TE 
S T S T L  - 0 0  I N I T I 4 L  L O S S  
CniSTL - 0 0  U N I F O S Y  L O S S  R A T E  
R T I N P  3.86 P E R C E N T  I ~ . I P E R V I O U S  AREA 

K I N E M A T I C  V A V E  
O V E R L A N D - F L C W  E L E M E N T  

L  2 2 4 .  
S  . 0 2 1 2  
PJ - 1 5 0  

P A  100.0 
DXPiI fJ 

- 
3 

F l A I N  C H A N N E L  
L 2 1 8 0 0 .  
S . O l b S  
N .OLS 

C A 1 . 4 9  
SHAPE T R A P  

k'3 3 0 . 0 0  
z 30.00 

D X P i I N  2 
RUFSTQ Y E S  

0 1 
O V E R L A N D  FLOW L E N G T H  
S L O P E  
ROUGHNESS C O E F F I C I E N T  
P E R C E N T  OF S U S P A S I N  
A I N I K U K  NUMRE? OF D X  I N T E R V A L S  

CHAbJNEL L E N G T H  
S L O P E  
CHAN?JEL ROUGHNESS C O E F F I C I E N T  
C O K T H I S U T I N G  4 R E A  
C H A N f i E L  S H A P E  
S O T T O Y  W I D T H  0 2  D I A Y E T E R  
S I D E  S L O P E  
P'i INIt*:UX NUV i3E3  OF DX I N T E R V A L S  
i?OUTE U P S T R E A Y  HYDROGSAPH 



***  
CO!4?UTED K I N E P , A T I C  F'ARAMETERS 

V A R I A S L E  T I M E  STEP 
( D T  S H O d N  I S  A M I N I M U M )  

ELEb1ENT ALPHA "7 DT DX PEAK T I M E  TO VOLUKE 
PEAK 

( I S I N )  ( F T )  ( C F S )  ( M I N I  ( I N )  

a 
C O N T I N U I T Y  SUNRAFY ( A C - F T )  - INFLOW'  5 3 0 . 5 3 9  EXCESS= 5 0 1 . 1 6 6  OUTFLOW= 1 0 3 0 . 3 0 6  B A S I N  STORAGE= * 

I N T E R P O L A T E D  TO S P E C I F I E D  COMPUTATION I N T E R V A L  

HYDROGRAPH AT S T , 4 T I O N  3 5 1  0 

T O T A L  R A I N F A L L  = C . b Q /  T O T A L  LOSS = .!lo, T O T A L  EXCESS = 6 . 6 9  

a 
P E A K  FLOW T  I '11 E KAXI i ' lUM AVEPAGE FLOW 

( C F S )  (HR) 6-HR 2 4 - Y ?  72-HR 19 .92-HR 

1) 1 1 0 5 4 m  2 - 0 0  ( C F S )  2 0 6 5 -  626 .  626.  626. 
( I N C H E S )  4 . 3 7 9  4 . 3 9 5  4 . 3 9 5  4 . 3 9 5  

( A C - F T )  1 0 2 4 .  1 0 3 0 .  1 0 3 0 .  1 0 3 0 .  

1) 
CUMULATIVE  A R E A  = 4.39 s o  NI 

MAXIFIUM 
C E L E R I T Y  

( F P S )  

-205 PERCENT E R R O R =  . I 4 5  

m 

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

3 2  K K  * 3 5 2 0  * sue  

**************  
RUNOFF FKOtt! SUE 3 5 2 0  8 ROUTE SUB 3 5 1 0  

a 
S U B Y A S I N  RUVOFF DATA 

S U 3 9 A S I h  C ! 4 A R A C T E R I S T I C S  
TAREA 1.11 S U E S A S I N  AREA 

* P R E C I P I T A T I O P <  DPTA 

1 4  p a  s ~ a 9 r . l  6 - 6 9  SASIN T O T A L  PRECIPITATION 

1) 85 L U  U N I F O R M  LOSS 2 A T E  

- 



S T R T L  - 0 0  I N I T I A L  L O S S  
C h S T L  - 0 0  U N I F O R M  L O S S  R A T E  
S T I b l P  1 - 3 6 '  PERCE?JT  I M P E 2 V I O U S  A R E A  

K I N E K A T I C  WAVE 
O V E R L P t d D - F L O d  E L E P l E N T  F10. 1 

L 100.  O V E R L A N D  FLOW L E N G T H  
5 . 0 2 1 3  S L O P E  
PJ ,100 R O U G H N E S S  C O E F F I C I E N T  

PA 100.9 P E P C E N T  OF S U E P J S I N  
D X K I N  5 M I N I X U Y  N U K 3 E S  O F  DX I N T E R V A L S  

M A I N  C H A N I J E L  
L 1 5 4 0 0 .  C H A N N E L  L E N G T H  
S - 0 1 4 6  S L O P E  
IN . 0 4 5  C H A N N E L  ? O U G H Y E S S  C O E F F I C I E N T  

C (4 1.1 1 C O N T S I S U T I N G  A R E A  
S H A P E  T 2 P P  C H A N N E L  S H 4 P E  

W D  30.00 B O T T O ? I  X I D T H  O R  D I A P E T E R  
Z 3 0 . 0 0  S I D E  S L O P E  

I IXKIN 2 M I N I ? < U X  N U M 3 E R  O F  DX I N T E R V A L S  
R U P S T Q  Y E S  2 O U T E  U P S T R E A Y  H Y D R O G R A P H  

*** 
C O M ? U T E D  K I N E M A T I C  P 4 R A M E T E R S  

V A R I P Z L E  T I i f E  S T E P  
( D T  S H O J U  I S  A K I N I M U R )  

E L E P I E N T  AL?HA r ,! i3T D X  P E A K  T I M E  T O  V O L U M E  M A X I M U M  
P E A K  C E L E R I T Y  

(TciIN) ( F T )  ( C F S )  ( R I N )  ( I N )  ( F P S )  

C O N T I N U I T Y  SUNPIAKY ( P C - F T )  - I N F L O & =  1 0 2 9 . 9 1 1  E X C E S S =  3 9 6 . 4 8 7  O U T F L O W =  1 4 2 5 . 2 7 6  B A S I N  S T O R A G E =  - 2 8 0  P E R C E N T  ERROR= . 0 5 9  

I N T E R P C L A T E D  T O  S P E C I F I E D  C O M P U T A T I O N  I N T E R V A L  

i i Y D R O G 2 A P H  AT  S T A T I O N  3 5 2 0 

T O T A L  R A I N F A L L  = 6 . 6 9 r  T O T A L  L O S S  = -00, T O T A L  E X C E S S  = 6 . 6 9  

P E A K  FLOW T I M E  V 4 X I K U X  A V E R A G E  FLOW 
( C F S )  ( H R )  6 - H %  Z L - 4 3  7 2 - H R  1 9 . 9 2 - H R  
1 3 0 7 5 .  2.17 ( C F S )  2 5 4 5 .  866 .  8 6 6 .  8 5 0 .  

( I U C H E S )  4 . 3 1 1  L .  357  4 . 8 5 7  4 . 8 5 7  
( A C - F T )  I L 1 2 .  1 4 2 6 .  1 4 2 6 .  1 4 2 6 .  

C U M U L A T I V E  AREA = 5.50 S G  ?I 



* * 
8 8  K K  * T O T A L  * 

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

CO/- ' I?INE FLOWS FROM 3490 AND 3 5 2 0  A e O V E  T H E  ROAD 

P E A K  FLOW 
( C F S )  
34072.  

HYDROGRAPH C O V ? I N A T I O N  
ICOPIP 2 > J U P I E E R  OF HYDROGRAPHS TO C O M B I N E  

HYDROGRAPH A T  S T A T I O N  T O T A L  

T I M E  M A X I M U K  AVERAGE FLOW 
( H R )  6-HI? 24-HR 72-HR 19.92-HR 
2.1 7 ( C F S )  6993.  2128.  2128. 2128. 

( I N C H E S )  5.715 5.771 5.771 5.771 
( A C - F T )  3468.  3 5 0 2 .  3502. 3502.  

C U M U L A T I V E  AREA = 11.38 S 3  141 

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

91  K K  * 3 A S I N  * 
* * 
**************  

P O N D I N G  4REA A T  T H E  I N T E ? S E C T I O N  OF C A V E  CREEK ROAD AND C A V E  B U T T E S  
D I K E  i: 2 

HYDROGEAPH R O U T I N G  D A T A  

S T O R A G E  R O U T I N G  
!JST?S 1 l i U V 5 E P  OF S U B R E A C H E S  

I T Y P  STOR T Y P E  O F  I N I T I A L  C O N D I T I O N  
E S V R I C  . O O  I N I T I A L  C O N D I T I O N  

X - 0 0  W O 3 K I N G  R 4ND D  C O E F F I C I E N T  

STORAGE - 0  1 s ?  15.1 64.7 8O.E 99.3 120.6 144.6 171.7 201 a 9  

D I S C H A R G E  0.  0. 0. 0 .  671.  3784.  10440.  37450.  59000. 21430. 

E L E V A T I C N  1650 .00  1 5 5 4  .DO 1665.00  1673.00  1674.00 1675.00  1676.00  1577.09 1676.00 1679.00 

***  W A R N I N G  * * *  M O D I F I E D  P U L S  R O U T I N G  WAY 3 E  N U P l E R I C A L L Y  U N S T A B L E  FOR OUTFLOWS B E T W E E N  3754.  TO 59000.  
T H E  ROUTED HYDROGRAPH S H C U L D  3 E  EXA71 INED FOR C S C I L L A T I O N S  OR OUTFLOWS G R E A T E R  T H A N  P E A K  I N F L O W S .  
T H I S  C A N  E E  C O Z 2 E C T E D  5 Y  D E C 2 E A S I N G  T H E  T I M E  I N T E R V A L  OR I N C R E A S I N G  S T O R A G E  ( U S E  A LCNGER 8 E A C H . l  

* HYD?OGP,APH AT S T A T I O N  3 A S I N  



P E A K  F L O W  T I M E  Y A X I M U ~ I  A V E R A G E  F L O K  

P E A K  S T O R A G E  T I M E  P A X I f J U M  A V E P A C E  S T O R A G E  
6 - 3 3  2 4 - H i ?  72-HR 19.92-HR 

9 6 .  72.  72. 72. 

P E A K  S T A G E  T I M E  K A X I M U X  A V E R P G E  S T A G E  
( F E E T )  ( H R )  6 - H R  24-HR 72-HR 19.92-HR 

1677.79 2.1 7  1674.81 1673.05 1673.05 1673.05  * 
C U f l U L A T I V Z  4 R E A  = 11.38 S Q  XI 



R U N O F F  S U M K A R Y  
FLOW I N  C U E I C  F E E T  P E R  S E C O N D  

T I M E  I ? 4  H O U R S /  A R E A  I N  S Q U A R E  M I L E S  

T I F E  O F  A V E P A G f  FLOW FOR M A X I M U M  P E R I O D  
DE,AK 6 - H O U R  2 4 - H O U R  7 2 - H O U R  

B A S I N  
A R E A  

M A X I M U N  T I M E  O F  
S T A G E  MAX S T A G E  O P E R A T I O N  S T A T I O N  

H Y D R O G R A P H  A T  1 4 3 0  

H Y D R O G 2 A P H  A T  1 4 L O  

Z C O M 2 I N E D  A T  1 4 L 1  

H Y D R O G R A P H  A T  1 4 5 0  

H Y D R O G R A P H  A T  3 4 7 0  

H Y D R O G R A P H  A T  34EO 

H Y D R O G R A P H  AT 3 4 9 0  

H Y D R O G R A P H  A T  1 4 7 0  

H Y D R O G R A P H  A T  1 4 7 5  

H Y D R O G R A P H  A T  1 4 8 0  

D I V E R S I O N  TC l L h 2  

H Y D R O G R A P H  AT 1 4 8 1  

H Y D R O G R A P H  A T  3 5 1 0  

HYDROGF lAPH A T  3 5 2 0  

2 C O M a i N E D  AT T O T A L  

R O U T E D  TO 5 A S I t J  



S U P I i l A R Y  CF K I N E ? ! 4 T I C  WAVE R O U T I N G  
(FLOW I S  D I Q E C T  R U N O F F  W I T H O U T  B A S E  FLOW) 

I N T E R P O L A T E D  T C  
CCMFUTAT1O:d I N T E R V A L  

I S T A Q  ELE;IENT D T  P E A K  T I X E  TO VOLUME D T  P E A K  T I M E  TO VOLUME 
F E A K  P E A K  

@ ( r4 I N ( C F S )  (MINI (IN) (MINI ( C F S )  (MINI (IN) 

* 
C O h T I N U I T Y  SUMGAaY ( A C - F T )  - I N F L O W =  , 0 0 0  E X C E S S =  510.870 OUTFLOW= 507.967 B A S I N  STORAGE= - 0 7 8  P E R C E N T  ERROR= 

C O N T I N U I T Y  SUMWARY ( A C - F T )  - I N F L O l r l =  . 000  E X C E S S =  573 .668  OUTFLOW= 670 .996  S A S I N  STORAGE= - 0 7 1  P E R C E N T  ERROR= 

C O N T I N U I T Y  SUKMARY ( A C - F T )  - I N F L O K =  1179 .849  E X C E S S =  273.363 OUTFLOW= 1 4 4 5 . 2 7 6  S A S I N  STORAGE= . I 9 0  P E R C E N T  ERROR= 

C O N T I N U I T Y  SUMMAEY ( A C - i f )  - I N F L O W =  1 4 4 8 . 7 1 5  E X C E S S =  288.455 OUTFLOW= 1 7 3 2 . 4 4 3  B A S I N  STORAGE= - 2 7 4  P E R C E N T  ERROR= 

C O N T I N U I T Y  SUMYiAHY ( A C - F T )  - I N F L O N =  1 7 3 2 . 1 5 8  E X C E S S =  92.405 OUTFLOW= 1822 .154  B A S I N  STORAGE= . I 0 3  P E R C E N T  ERROR= 

C O N T I N U I T Y  SUMMARY ( A C - F T )  - I N F L O K =  1523 .352  E X C E S S =  256.737 OUTFLOW= 2075 .480  S A S I N  STORAGE= - 3 1 8  P E S C E N T  ERROR= * 
1 4 7 0  3 4.99 1 1 6 4 . 0 9  109 .57  6 .67  5 .00  1164 .02  110 .00  6 .68  

C O N T I N U I T Y  SUMP?AZY ( k c - F T )  - I N F L O W =  .000 E X C E S S =  1 0 6 . 2 1 3  OUTFLOW= 1 0 5 . 9 0 3  E A S I N  STORAGE= - 0 0 8  P E R C E N T  ERROR= 

C O N T I N U I T Y  SUMMARY ( A C - F T )  - IP!FLOW= 106 .032  E X C E S S =  502.776 OUTFLOW= 706 .535  B A S I N  STORAGE= - 0 7 0  P E R C E N T  ERROR= 

C O N T I N U I T Y  SUMMARY ( A C - F T )  - I N F L O W =  706.035 E X C E S S =  357 .313  OUTFLOW= 1 0 6 2 . 3 3 4  S A S I N  STORAGE= - 0 5 0  P E R C E N T  ERROR= * 
* 

C O N T I N U I T Y  SUl"iMA4Y ( A C - F T )  - iNFLOS!=  530.554' E X C E S S =  501.166 OUT FLOW= 1 0 3 0 . 3 0 6  8 A S I N  S T O i l A G E =  - 2 0 5  P E R C E N T  ERROR= 

C O N T I N U I T Y  SUClMARY ( A C - F T )  - IN;LOIJ= 1029 .311  EXC:SS= 396 .487  OUTFLOW= 1 4 2 5 . 2 7 6  B A S I N  STORAGE= - 2 8 0  P E R C E N T  ERROR= .059 

- --- - - - - - - - 
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Analysis of Ponding at Cave Buttes Dike Number 2 and Cave Creek Road 

INTRODUCTION 

Cave Buttes Dike Number 2 intersects Cave Creek road approximately one querter 
mile south of Jomax road (figure 1). The dike extends 4400 feet east of this 
intersection. As originally designed, the dike was intended to divert floi87s 
eastward into the Cave Buttes Dam reservoir. Proposed improvements to cave 
Creek road will raise the roadway and thereby increase the ponding behind the 
dike-road intersection. The following summarizes an analysis done to 
determine if raising Cave Creek road will cause the dike to overtop under . 
conditions of probable maximum precipitation. 

METHODS 

Inflow to the ponding area was analyzed using the Corps of Engineers HEC-1 
computer program and hydrologic input parameters developed by Water Rescource 
Associates (1989). A worst-case scenario, consisting of the following 
assumptions, was analyzed. 

1. Probable maximum precipitation of 7.55 inches. 
2. Total blockage of a 36" drainage pipe that runs under Cave Creek 
road and is located approximately 100 feet north of the dike. 
3. Total blockage of 5 -.12'x8'~115' RCB culverts under Cave Creek road 
that are located approximately 900 feet north of the dike. 

Under these assumptions, the drainage area above the road-dike ponding site 
was determined to be 11.38 square miles. The drainage area is generally less 
than a mile wide and extends for over 13 miles to the northeast of the ponding 
area. The subbasin delineation was not changed from that used by Water 
Rescource Associates. The delineation contains one split flow situation in 
which 50 I of the flow ocuuring from 3.0 square miles of the drainage area is 
diverted out of the drainage area. From inspection of aerial photography for 
this area, this seems to be a reasonable assumption. 

The probable maximum precipitation used was a 6 hour storm developed by the 
Corps of Engineers (1976) for the design of Cave Buttes Dam (see figure 2). 
Although this storm was developed for the entire 195 square mile drainage area 
above Cave Buttes Dam, it was considered appropriate for this analysis because 
of the shape of the contributing drainage area and the severity of the other 
assumptions used in the analysis. 

The constant rainfall loss rate of 0.143 inches per hour used by the Corps 
(figure 2) was also used in this analysis. This resulted in 6.69 inches of 
runoff from the drainage area. This loss rate is lower than what is generally 

,- 
used in this area and therefore it produced approximately 1.5 inches more . 
runoff than the curve number method used by Water Rescource Associates. The 
Corps loss rate was used because it was the most conservative assumption. 

. . 
The assumption of complete blockage of the culverts under Cave Creek road, ' 

although unlikely, is a possibility which may occur during construction, b i t  if 
the culverts area not properly.maintained, or if large quantities of sediment 
and debris are contained in the first portion of the storm runoff. 



PONDING CONDITIONS: 

For the situation described above, runoff will pond in a roughly triangular 
area behind the dike-road intersection. The maximum water depth that can be 
contained at the intersection is approximately 20 feet, which occurs at an 
elevation of 1679 feet. This corresponds to a maximum storage volume of 235 
acre feet. Discharge from this ponding area will occur across Cave Creek road 
through a depressed area of the improved roadway. The depressed roadway is 
approximately 1300 feet wide, with the low point (1673') occuring at the site 
of the 5 - 8'xl2'x115' box culverts. For modelling purposes, the roadway in 
the depressed area was assumed to behave as a broad-crested weir. 

RESULTS : 

The results of the HEC-1 modelling indicate that the dike will not overtop 
even under the severe conditions assumed for this analysis. The maximum water 
surface elevation indicated for the ponding site ( 1677.8') is more than 1 
foot lower than the top of the dike (1679'). The HEC-1 output of results is 
attached to this report. 

DISCUSSION: 

As a further indication of the conservative nature of this analysis, it should 
be noted that the Water Rescources model used in the analysis uses kinematic 
wave hydrograph generation and routing. This type of modelling generally 
produces a very rapid runoff response and correspondingly high peak flows. 
The peak flow predicted from the 11.38 square miles in this study was over 
34,000 cfs, even with the split flow diversion described above. Because of 
the severe assumptions used for the analysis, it is the authors opinion that 
it is unlikely that the dike will ever fail due to overtopping. 
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