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SUN VALLEY PARKWAY-BUCKEYE WATERSHED STRUCTURE 

I n t r o d u c t i o n  

T h i s  i s  a  b r i e f  summary o f  t he  hyd ro log i c /hyd rau l i c  design ana lys is  
o f  t h e  proposed improvement o f  291st Avenue (Palo Verde Road) and 
1-10 Interchange on t h e  Buckeye Watershed S t ruc tu re .  The Buckeye 
Watershed S t ruc tu re  i s  a  f loodwater  r e t a r d i n g  dam designed and b u i l t  
by  t he  S o i l  Conservat ion Serv ice (SCS), now operated and maintained 
by t h e  Flood Contro l  D i s t r i c t  o f  Maricopa County. It i n t e r c e p t s  
f loodwaters  f l o w i n g  south and southwest out  o f  t he  White Tanks 
Mountains d i v e r t i n g  it west t o  t h e  Hassayampa River .  

The s t r u c t u r e  was designed f o r  t h e  100 year  frequency event and has 
been evaluated f o r  passage o f  t h e  probable maximum f l o o d  by t h e  
D i v i s i o n  o f  Dam Safety, Ar izona Department o f  Water Resources and by 
t h e  SCS. The water sur face e leva t i on  f o r  t h e  100 year f l o o d  
r e t a r d i n g  pool i s  1079.8 f e e t .  (SCS and ADOT Datum). 

The e x i s t i n g  c ross ing  o f  t h e  Buckeye S t r u c t u r e  w i l l  be widened and 
r a i s e d  s l i g h t l y  and en1 arged c u l v e r t s  i n s t a l  led .  

The e x i s t i n g  c u l v e r t s  were o r i g i n a l l y  j u s t  planned t o  be extended, 
however, research o f  SCSfs design f i l e s  i nd i ca ted  t h a t  they  were o n l y  
s ized t o  pass t h e  f i v e  year frequency event. (See appendix f o r  SCSf  s  
O r i g i n a l  Ca l cu la t i ons )  . 
The 100 year discharge c ross ing  Palo Verde Road (291st  Avenue) was 
never analyzed by t h e  SCS, there fo re ,  i t  was determined i n  our 
ana lys is .  The same assumptions and s i m i l a r  approach t o  modeling t h e  
watershed were used by C.W.W. as those used by t h e  SCS i n  t h e i r  most 
recen t  analysis,  conducted i n  1980 i n  Response t o  Ar izona Water 
Commission Phase I study o f  t he  dam s a f e t y  inspec t ion .  

Methods 

The Corp fs  HEC-1 computer program was used t o  model t h e  t r i b u t a r y  
watershed. The s i x  hour du ra t i on  storm and t h e  same p r e c i p i t a t i o n  
amount used by t h e  SCS was used i n  our model. The same average curve 
number of 83 was used and the  maximum capac i t y  f o r  Floodway No. 2  o f  
1950 c.f.s. was used as the  maximum peak f l o w  routed from Drainage 
Area No. 1 t o  t h e  291st Avenue crossing, where i t  was combined w i t h  
t h e  peak from Area No. 2, t o  generate t h e  design i n f l o w  t o  t h e  area 
above the  c u l v e r t s .  The area and t ime o f  concent ra t ion  fo r  
subdrainage area No. 1 was taken d i r e c t l y  from the  SCSf s  1980 
ana lys is  done f o r  Dam Safe ty  Considerat ions. Area 2  i s  t he  drainage 
area t o  t h e  west 



Between Area 1 and t h e  291st Avenue al ignment.  Th i s  area o r i g i n a t e s  
i n  t h e  White Tank Mountains, t he re fo re ,  t h e  t ime  o f  c o n c e n t r a t i o n  was 
determined by  subd i v i d i ng  t h e  channel l eng th  i n t o  s i m i l a r  segments 
and c a l c u l a t i n g  t h e  t ime  o f  t r a v e l  f o r  each then added t o g e t h e r  t o  
get  t h e  t o t a l  t ime  o f  concen t ra t ion .  Area 2  was t r e a t e d  as one 
watershed, as was done by t h e  SCS, us i ng  an average r u n o f f  cu rve  
number and t o t a l  t ime  o f  concen t ra t  ion .  

C u l v e r t s  were then s i zed  us ing  t h e  Federa l  Highway A d m i n i s t r a t i o n ' s  
HEC No. 5 procedures and u t i l i z i n g  t h e  same i n v e r t  e l e v a t i o n  and zero 
s lope  as on t he  e x i s t i n g  c u l v e r t s .  The a l lowab le  headwater depth 
used t o  s i z e  t h e  c u l v e r t s  was t h e  maximum water su r f ace  e l e v a t i o n  of 
t h e  water ponded on t he  upstream s i d e  o f  c u l v e r t s  ob ta ined  f r om HEC-1 
s to rage  r o u t i n g  model. 

E f f e c t  on Rese rvo i r  Storage Capac i ty  

~ o t a l  r e s e r v o i r  f 1 oodwater-ret  a r d i  ng c a p a c i t y  f o r  t h e  S i t e  I 
r e s e r v o i r  area, which 291st Avenue crosses through i s  6,345 ac re  
f e e t .  The a d d i t i o n a l  f i l l  be ing  added w i t h i n  t h e  r e s e r v o i r  area by  
t h e  proposed parkway improvements i s  37,000:cubic yards o r  0.85 acre 
f e e t .  T h i s  i s  0.01% o f  t h e  t o t a l  c a p a c i t y  and would c e r t a i n l y  no t  
have any percep tab le  a f f ec t  on t he  r e s e r v o i r  and o p e r a t i o n  o f  t h e  
s t r u c t u r e .  

Peak Discharge and Cu l ve r t  S i ze  Ana l ys i s  

The HEC-1 Watershed Model produced a  100 year  peak d ischarge  a t  t h e  
291st Avenue c ross ing  of 6,417 c.f.s; Because o f  t h e  s i g n i f i c a n t  
r e s e r v o i r  s to rage  area upstream o f  c u l v e r t s  a t  Pa lo  Verde Road a  
f l o o d  r o u t i n u  ~ r o c e d u r e .  w i t h  HEC-1. was used t o  determine t h e  
c u l v e r t  d e ~ i g n ' d i s c h a r ~ e  value.  he r e s u l t  was a  r e d u c t i o n  i n  t h e  
pgak i n f l o w  f rom xs,r 6 . t~ .  417 -w~?s--x-w c f  s  to-..4,6VL-cf s_peaE-_putf low. The maximum 
w ~ F " ' s u r f a ~ e  e l e v a t ~ o n  was 77.27 'and t h e  volume o f  s t o raqe  was 292 
acre f e e t .  Four 10 f o o t  by 1 0  f o o t  r e i n f o r c e d  concre te  box c u l v e r t s  
are recommended f o r  t he  cross ing.  Th is  w i l l  p rov ide  passage of t h e  
100 year  peak d ischarge  coming from t h e  eas t  w i t hou t  c r e a t i n g  a  
backwater g rea te r  than t h e  100 year  design water su r f ace  e l e v a t i o n  o f  
t h e  s t r u c t u r e ' s  r e s e r v o i r  area ( p l u s  one f o o t  o f  f reeboard).  The 
zero percen t  s lope  on the  c u l v e r t s  w i l l  a l so  a l l ow  f r e e  movement of 
water  between bo th  s i des  of t h e  r e s e r v o i r  when t h e  r e s e r v o i r  f i l l s  
and a c t u a l l y  backs water up t o  t h e  eas t  as it reaches i t s  des ign 
capac i ty .  



Cu lve r t  i n l e t  and o u t l e t  p r o t e c t i o n  was designed based on t h e  o u t l e t  
v e l o c i t y  of t h e  c u l v e r t s  and t h e  concrete l i n e d  channel o u t l e t t i n g  
i n t o  t h e  r e s e r v o i r  area 's  low f l o w  channel j u s t  upstream from the  
i n l e t .  See c a l c u l a t i o n  sheets i n  t h e  Appendix. 

Conclusions 

The proposed parkway w i l l  have a  n e g l i g i b l e  e f f e c t  on r e s e r v o i r  
storage capac i t y  and the  proposed c u l v e r t s  w i l l  a l l ow  passage o f  
design discharges wi thout  causing any adverse impacts on t h e  
r e s e r v o i r s  opera t  ions o r  t o  adjacent surroundi ng 1  ands. 
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HEC-1 COMPI I MODEL 



FLOOD HYDROGRAPH PACKAGE HEC-l*ifiM XT 5121 VERSION) -FEB 1,1985 
U.S. ARMY CORPS OF ENGINEERS, THE HYDROLOGIC ENGINEERING CENTER, 609 SECOND STREET, DAVIS, CA. 95616 **** 

THIS HEC-1 VERSION CONTAINS ALL OPTIONS EXCEPT ECONOMICS, AND THE NUMBER OF PLANS ARE REDUCED TO 3 

1 HEC-I INPUT PAGE 1 

...... ....... ....... ....*.. ....... ....... ....... ....... LINE ID ....... 1 ....... 2 3 4 5 6 7 8 9 10 

1 ID SVCP3 AND OSVCP3 
2 ID BUCKEYE WTSHD STRUCTURE 291 ST AYE AND 1-10 

*** FREE *** 3 ID SUN VALLEY PARKWAY QlOO 6 HR DURATION 
--sr 

*DIAGRAH 
4 IT 5 09APR87 1200 200 
5 I0 3.  

INPUT 
LINE 

NO. 

15 -KK R1 
16 RK 10000 -0012 .035 TRAP 100 

"KK C1+2 
HC 2 

ROUTINGUNDER PAL0 
' FOUR BARREL 

FLOW LINE e 
1 ELEV 
0 640 

1064 1068 
0 1.1 

1064 1068 

VERDE ROAD 
10 X 10 CBC 
1065 
1064 0 
1320 2280 
1070 1072 
8.3 79.2 
1072 1076 

SCHEMATIC DIAGRAM OF STREAM NETHORK 

(V) ROUTING (---)I DIVERSION OR PUMP FLOW 

( . ) CONNECTOR ((---I RETURN OF DIVERTED OR PUMPED FLOW 
DAl 

------- DIV 
D I V ~  

V 
ROUTING 



COMPUTED STORAGE-ELEVATION DATA 

STORAGE -00  1.47 18.03 168.88 636.83 
ELEVATION 1064.00 1068.00 1072.00 1076.00 1080.00 

COMPUTED STORAGE-OUTFLOW-ELEVATION DATA 

STORAGE .OO 1.47 6.15 18.03 58.00 168.88 362.75 636.83 
OUTFLOW .OO 640.00 1320.00 2280.00 3200.00 4120.00 5000.00 5800.00 

ELEVATION 1064.00 1068.00 1070.00 1072.00 1074.00 1076.00 1078.00 1080.00 

*** WARNING *** HODIFIED PULS ROUTING HAY BE NUMERICALLY UNSTABLE FOR OUTFLOWS BETWEEN 0. TO 640. 
THE ROUTED HYDROGRAPH SHOULD BE EXAMINED FOR OSCILLATIONS OR OUTFLOWS GREATER THAN PEAK INFLOWS. 
THIS CAN BE CORRECTED BY DECREASING THE TIME INTERVAL OR INCREASING STORAGE (USE A LONGER REACH.) 

HYDROGRAPH AT STATION ROUTING 

PEAK FLOW TIRE 

+ (CFS) (HR) 

+ 4677. 6.08 

HAXIHUH AVERAGE FLOW 
6-HR 24-HR 72-HR 16.58-HR 

PEAK STORAGE TIME HAXIHUM AVERAGE STORAGE 
6-HR 24-HR 72-HR 16.58-HR 

+ (AC-FT) (HR) 
292. 6.08 

PEAK STAGE TIME HAXIHUH AVERAGE STAGE 
6-HR . 24-HR 72-HR 16.58-HR 

+ (FEET) 
1077.27 

(HA) 
6.08 1073.59 1067.69 1067.69 1067.69 

CUMULATIVE AREA = 20.51 SQ H I  

RUNOFF SUMMARY 
FLOW I N  CUBIC FEET PER SECOND 

TIME I N  HOURS, AREA I N  SQUARE MILES 

BASIN 
AREA 

HAXIMUM TIHE OF 
STAGE HAX STAGE 

PEAK TIME OF AVERAGE FLOW FOR MAXIMUH PERIOD 
STATION FLOW PEAK 

6-HOUR 24-HOUR 72-HOUR 
OPERATION 

t 

t 
HYDROGRAPH AT 

DAI 3444. 4.33 1142. 414. 414. 

DIVERSION TO 
t DIV 1494. 3.75 230. 83. 83. 

HYDROGRAPH AT 
t DIV l  1950. 3.75 912. 331. 331. 

t 
ROUTED TO 

t 
HYDROGRAPH AT 

t 
2 COHBINED AT 

t 
ROUTED TO 

t 

- 
--- 

ROUTING 4671; 6.08 3065. 1145. 1145. 
, 

*** NORHAL END OF HEC-I *** 



1 
(***) RUNOFF ALSO COMPUTED AT THIS LOCATION **** * 

FLOOD HYDROGRAPH PACKAGE HEC-1 (IBM XT 512K VERSION) -FEB 1,1985 
U.S. ARMY CORPS OF ENGINEERS, THE HYDROLOGIC ENGINEERING CENTER, 609  SECOND STREET, DAVIS, CA. 95616 **** 

SVCP3 AND OSVCP3 
BUCKEYE WTSHD STRUCTURE 291  ST AVE AND 1-10 
SUN VALLEY PARKWAY QlOO 6 HR DURATION 

5 1 0  OUTPUT CONTROL VARIABLES 
IPRNT 3 PRINT CONTROL 
IPLOT 0 PLOT CONTROL 
QSC AL 0. HYDROGRAPH PLOT SCALE 

HYDROGRAPH TIME 
NHIN 

IDATE 
I T I H E  

NQ 
NDDATE 
NDTIME 

DATA 
5 

ENDING TIME 

COHPUTATION INTERVAL - 0 8  HOURS 
TOTAL TIME BASE 16.58 HOURS ' . 

ENGLISH UNITS 

************** * * 
6 KK * DAl * * * ************** 

SUBBASIN RUNOFF DATA 

7 BA SUBBASIN CHARACTERISTICS 
TAREA 6.80 SUBBASIN AREA 

PRECIPITATION DATA 

8 PH DEPTHS FOR 0-PERCENT HYPOTHETICAL STORM ..... HYDRO-35 ...... ............... TP-40 ,.............. .......,... TP-49 ........... 
5-MIN 15-HIN 60-HIN 2-HR 3-HR 6-HR 12-HR 24-HR 2-DAY 4-DAY 7-DAY 10-DAY 

.71 1.40 2.46 2.70 2.90 3.20 .OO - 0 0  -00  .OO .OO .OO 

STORM AREA = 6.80 

9 LS SCS LOSS RATE ... - 

STRTL - 4 1  I N I T I A L  ABSTRACTION 
CRVNBR 83.00 CURVE NUMBER 

RTIMP .OO PERCENT IMPERVIOUS AREA 

1 0  UD SCS DIHENSIONLESS UNITGRAPH 
TLAG 1.17 LA6 

VALUE EXCEEDS TABLE I N  LOGLOG 6.00000 -01667 6.00000 

UNIT HYDROGRAPH 
7 2  END-OF-PERIOD ORDINATES - 

658. 895. 1193. 



HYDROGRAPH A T  STATION D A l  

TOTAL RAINFALL 2 3.15, TOTAL LOSS = 1.58, TOTAL EXCESS : 1.57 

PEAK FLOW 

t (CFSJ 

+ 3444. 

( AC-FT (INCHES 1 

WAXIMUH AVERAGE FLOW 
24-HR 72-HR 

CUHULATIVE AREA = 6.80 SQ M I  

11 K K  * * DIVl * 
t 

DT DIVERSION 
ISTAD DIV DIVERSION HYDROGRAPH IDENTIFICATION 

DI  INFLOW .OO 1200.00 1201 -00 1300.00 1500.00 2000.00 2500.00 3000.00 

DQ DIVERTED FLOW . 00 .OO -00 , ,, .OO .OO 50.00 550.00 1050.00 

*** 

DIVERSION HYDROGRAPH DIV * 

PEAK FLOW TIHE MAXIMUM AVERAGE FLOW 
6:HR 24-HR 72-HR 16.58-HR 

+ (CFSJ (HR) 
(CFS) 

t 1494. 4.33 230. 83. 83. 83. 
(INCHE? iXf .315 -315 .315 

(AC-FT 114. 114. 114. 

CUHULATIVE AREA 2 6.80 SQ HI  

HYDROGRAPH AT STATION D I V l  

PEAK FLO# 

+ (CFS) 

+ 1950. 

TIME 

(HR) 

3.75 

( AC-FT (INCHESI 

HAXIHUH AVERAGE FLOW 
24-HR 72-HR 

CUHULATIVE AREA : 6.80 SQ M I  

HYDROGRAPH ROUTING DATA 

16 RK KINEHATIC WAVE STREAH ROUTING 
L 10000. CHANNEL LENGTH 
S .0012 SLOPE 
N .035 CHANNEL ROUGHNESS COEFFICIENT 

C A .00 CONTRIBUTING AREA 
SHAPE TRAP CHANNEL SHAPE - . . . . . - 

WD 1oo.00 BOTTON WIDTH-OR DIAWETER 
2 3.00 SIDE SLOPE 



KINEMATIC STREAM ROUTING USED FOR THIS REACH 

COMPUTED KINEMATIC PARAMETERS 
ALPHA M DT (MIN) DX (FT) 
.0872 1.600 5.00 5000.00 

HYDROGRAPH AT STATION R I  

PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6-HR 

(HR) 
24-HR 

+ (CFS) 
72-HR 16.58-HR 

SUBBASIN RUNOFF DATA 

18 BA SUBBASIN CHARACTERISTICS 
TAREA 13.71 SUBBASIN AREA 

PRECIPITATION DATA 

8 PH DEPTHS FOR 0-PERCENT HYPOTHETICAL STORM 
..... HYDRO-35 ...... ............... TP-40 ............... ........... TP-49 ........... 
5-MIN 15-MIN 60-MIN 2-HR 3-HR 6-HR 12-HR 24-HR 2-DAY 4-DAY 7-DAY 10-DAY 

.71 1.40 2.46 2.70 2.90 3.20 .00 .OO .00 .OO .OO .OO 

STORM AREA = 13.71 

19 LS SCS LOSS RATE 
STRTL .41 INITIAL ABSTRACTION 

CRYNBR 83.00 CURVE NUMBER 
RTIMP .00 PERCENT IMPERVIOUS AREA 

SCS DIMENSIONLESS UNITGRAPH 
TLAG 1.91 LAG 

*** 
VALUE EXCEEDS TABLE I N  LOGLOG 6.00000 .OM67 6.00000 

UNIT HYDROGRAPH 
117 END-OF-PERIOD ORDINATES 

43. 87. 169. 270. 381. 511. 641. 814. 988. 1198. 1430. 1675. 1950. 2225. 2459. 2691. 2879. 3038. 3179. 3266. 
3353. 3373. 3387. 3385. 3370. 3339. 3252. 3165. 3065. 2963. 
2854. 2738. 2616. 2471. 2326. 2156. 1982. 1824. 1679. 1542. 
1441. 1339. 1250. 1163. 1083. 1011. 

730. 682. 476. 
942. 

638. 
889. 

595. 
836. 

551. 
783. 

361. 
508. 

339. 
447. 

317. 
418. 

296. 
389. 

179. 
274. 255. 

168. 
239. 

157. 
223. 

146. 135. 
207. 191. 

127. 
90. 

119. 
85. 

111. 
79. 

103. 96. 
73. 68. 64. 

45. 42. 
60. 

39. 
55. 51. 

37. 35. 
48. 

33. 
25. 23. 

32. 
21. 

30. 28. 
19. 

26. 
18. 16. 15. 

9. 7. 6. 2. 0. 
13. 

4. 
12. 

3. 
10. 



HYDROGRAPH A T  STATION DA2 

TOTAL RAINFALL = 3.10, TOTAL LOSS = 1.57, TOTAL EXCESS = 1.53 

PEAK FLOW TIME 

+ (CFS) (HR) 

HAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 16.58-HR 

CUMULATIVE AREA : 13.71 SO M I  

*** I** *$* *** *** * S t  *Sf  *** *** 1** *** *** *** *** *** S t *  *** *** *** *** *** S t *  *** $** *** S** *** *** *** *** *** S t *  

22 HC HYDROGRAPH CONBINATION 
ICOMP 2 NUMBER OF HYDROGRAPHS TO COMBINE 

HYDROGRAPH AT STATION C1+2 

PEAK FLOW TINE HAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 16.53-HR 

+ (CFS) (HR) 
(CFS) . -  - .  

+ 6417. 5.17 3065. 1145. 1145. 1145. 
(INCHES) 1.389 1.434 1.434 1.434 

(AC-FT) 1520. 1569. 1569. 1569. 

CUMULATIVE AREA : 20.51 SQ M I  

23 KK * ROUTING * UNDER PAL0 VERDE ROAD * * 
S****S*******t 

FOUR BARREL 10  X 10 CBC 
FLON LINE 1065 

HYDROGRAPH ROUTING DATA 

STORAGE ROUTING 
NSTPS 1 NUMBER OF SUBREACHES 

ITYP ELEV TYPE OF INITIAL CONDITION 
RSVRIC 1064.00 INITIAL CONDITION 

X .00 WORKING R AND D COEFFICIENT 

AREA - 0  1.1 8.3 79.2 159.4 

ELEVATION 1064.00 1068.00 1072.00 1076.00 1080.00 

DISCHARGE 0. 640. 1320. 2280. 3200. 4120. 5000. 5800. 

ELEVATION 1064.00 1068.00 1070.00 1072.00 1074.00 1076.00 1078.00 1080.00 



CULVERT DESIGN SHEET 



ARIZONA DEPARTMENT OF TRANSPORTATION 
< 

CULVERT COMPUTATION RECORD 

DESIGNER: J E - I 

I 

/ 0, = DESIGN DISCHARGE, SAY Q Z 5  \ 

STATION: 1 1 $-O7 DATE: 7 / s i r 7  
H Y D R O L O G l C  AND C H A N N E L  INFORtrlATION 

; DRAINAGE AREA S L ( C ~ ~ Y C  F ~ S -  L 
* &&(-o$ ?&\Q U ~ W ~ F !  ~0s-d 

db= &*?2&s (?c~ ee- I )  rw, = 57/50 
Q2 = TW2 P 

: 

SKETCH ~ l ~ u a ~ t o - r  Slco- 
SLS +- ~ D C S  DL+TUF*~ 

79 .2  1s 1 3 0 y e a -  

U,J,  led. $0- ' 



Consulr~ng Engineers and Land Surv 
22 NORTH 70TH STREET 
TTSDALE.ARlZONA85251 

PHONE: 947-5433 

J o , ~ ! ~ a V ~ ~ I L ~  ? ~ w k : r ~ c r ~  .%I3 V ~ h ' ~  T 1, 
d 4 

SHEET NO. OF 

CALCULATED BY dFk   ATE 

CHECKED BY- DATE 

SCALE 



22 NORTH 70TH STREET 
TTSDALE,ARIZONA85251 

PHONE: 947.5433 

JOB 

SHEET NO. OF 

CALCULATEDBY C ATE 

CHECKED BY DATE 

SCALE 



Consulting Engineersand Land Surv 
22 NORTH70TH STREET 
TTSDALE,ARlZONA85251 

PHONE: 947-5433 

-. 

i 
J o e  Borv;-/i . AT .t.c . I ~ ~ ~ ~ ,  ,-, 

SHEET NO O F  ,<0)cu 

CALCULATED BY '"/l-tJn- '  ATE 

CHECKED BY DATE 

SCALE 



22 NORTH 70TH STREET 
TTSDALE, ARIZONA 85251 

PHONE: 947.5433 

JOB 

SHEET NO. OF 

CALCULATEDBY b ATE 

CHECKED BY DATE 



TH 70TH STREET 
LE.ARIZONA85251 

PHONE: 947-5433 

I I 

SHEET NO. OF 

CALCULATED BY  ATE 

CHECKED BY DATE 

i a-, y Q ;: ? , " ;I. .,\ , -.-,I 7 = ,- 
d l - .  . , . .. m,p> ck i  ( t ~ ~ c x o ~ ~ ,  WK. ifr 30 .I 
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EMERGENCY SPILLWAY ADEQUACY 
BUCKEYE FRS SITE NO. 1 

ASSESSMENT OF RESULTS FROM 
DAM SAFETY INSPECTION PHASE I STUDY 

R. P. McArthur 
Hydraulic Engineer, SCS 

January, 1980 

. .  . 

Summary + 

The Phase I study results of the dam safety inspection performed by the Arizona 
Water Commission for the Corps of Engineers showed the emergency spillway to have . 
an inadequate capacity to pass the probably maximum flood (PMF). The reasons for 
this are primarily due to differences in criteria between the Corps of Engineers 
and the Soil Conservation Service. A major difference is related to the Corps of 
Engineers' non-allowance of floodwater storage below the crest of the emergency 
spillway for routing the Pt4F. Another difference is the higher rainfall intensi- 
ties resulting from the storm specified by the Corps of Engineers. A third dif- 
ference is the reduction of runoff volume attributed to floodplain transmission 
losses within the contributing area accounted for in the SCS studies, but not 
credited in the Corps of Engineers' study. 

Differences in Inflow Hydrographs 

. ., . The difference in the hydrograph used by the SCS in the design of the top of the 
8 . : dam (termed the freeboard hydrograph) and the hydrcgraph used by the AWC in eval- 
'. 
\-I+ 

uating the safety of the structure (termed the probable maximum flood) is due to 
two items - storm distribution or intensities and transmission losses in the 
stream channels within the contributing drainage area. 

The difference in peak discharge between 124,260 cfs (AWC study) and 96,660 cfs 
(SCS design), is attributed to 52% due to consideration of transmission losses 
and 48% due to storm distribution. Refer to Figure 1. 

In the SCS design hydrology studies, of the total runoff of 8.98 inches from the 
areal probable maximum precipitation of 10.45 inches, 1.0 inch was deducted for 
transmission losses. The net runoff was, therefore, 7.98 inches or 31,450 ac/ft. 

The Arizona Water Commission studies derived a runoff of 9.02 inches from an 
areal precipitation of 10.5 inches. No transmission losses were: considered, 
therefore, a total runoff of 35,540 ac/ft. was used. 

The standard six-hour storm distribution used by the SCS produced a maximum 
15-minute intensity of 5.7 in/hr. The storm distribution developed by the AWC 
using Hydrometeoro1ogical Report No. 49 resulted in a maximum 15-minute intensity 
of 12:8 in/hr. 

Differences in Flood Routing 

. ; A major difference exists in the assumed beginning conditions for flood routing 
the hydrographs. The Corps of Engineers requires that the flood routing begin at 

- . - '  the crest of the emergency spillway. That is, it is assumed that the floodwater 



retarding pool (100-year flood runoff) is full when the probable maximum flood 
, ' occurs. 

I 
i \: , 

' % - .  The SCS criteria allows the routing of the freeboard hydrograph for a class C 
(high hazard) dam to begin at the lowest ungated crest of the principal spillway. 
This allows the use of the floodwater retarding pool for storing part of the 
freeboard flood hydrograph. Although a minor effect, it also credits the principal 
spillway release of floodwater during the routing. 

This criteria difference accounts for 50 percent of the dam height difference. 

Top of Dam Requirements 

The dam safety inspection shows a need to raise the top of the dam by 2.2 feet, 
assuming the spillway width of 800 feet to be maintained. This would raise the 
top of the dam from elevation 1088.5 to 1090.7. Refer to Figure 2. 

Of the 2.2 feet difference, 1.1 feet or 50 percent is due to not using the flood- 
water retarding pool below the crest of the emergency spillway for floodrouting; 
0.8 feet or 36 percent is due to omitting transmission losses within the stream 
channel system of the contributing drainage area; and 0.3 feet or 14 percent is 
due to the more severe precipitation distribution specified by Hydrometeorolog- 
ical Report No. 49. 
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SCS ROAD CROSSING DESIGN AT PALO VERDE R 



0 1  4 
I \  

I 

BUCKEYE WATERSHED - STRUCTURE NO.' I 

DESIGN OF ROAD CROSSING AT JOHNSON AND PAL0 VERDE ROADS 

C 
The e x i s t i n g  roads  a r e  of  graded e a r t h  wi th  road d i p s  a s  t h e  only e x i s t i n g  

drainage.  During f l o o d s  t hey  a r e  impassible .  The roads  s e r v e  on ly  a few 
\ 

l o c a l  r e s i d e n t s  and t r a f f i c  i s  very l i g h t .  There is ano the r  r o u t e  t o  t h e  

a r e a  se rved  by t h e s e  roads  i n  t h e  event  they a r e  c lo sed  by h igh  water  i n  

t h e  r e s e r v o i r .  

The County Highway Department sugges ted  t h a t  t h e  c r o s s i n g s  be designed f o r  

a f i v e - y e a r  f l o o d  event.  

We b e l i e v e  t h e  c u l v e r t s  should  be designed f o r  e x i s t i n g  cond i t i ons  and i f  

and when development o f  t h e  a r e a  r e q u i r e s  a b e t t e r  road  c r o s s i n g  they  can 

be  improved. We used C.M.P. c u l v e r t s  s e t  a t  borrow channel  level and when 

sediment l e v e l s  r a i s e  t o  where they a f f e c t  t h e i r  o p e r a t i o n  t h e y  can be  dug 
# h o u t  and rai  sed. r 

The c r o s s i n g s  are designed f o r  t h r e e  cond i t i ons :  

1. The road e l e v a t i o n  t o  be  h ighe r  than  f i ve -yea r  water  s u r f a c e  e l e v a t i o n  
o f  t h e  r e s e r v o i r  with no sediment s to r age .  

2. To pas s  f ive-year  storm from t h e  a r e a  above t h e  c r o s s i n g  by r o u t i n g  
the f lood  through t h e  s t o r a g e  upstream of  t h e  c ros s ing .  

3. The s i z e  r equ i r ed  t o  lower t h e  water on both s i d e s  of  t h e  c r o s s i n g  
r e l a t i v e l y  evenly when t h e  r e s e r v o i r  is emptying. 

,..<+ 
/ p 

Although t h e s e  des igns  are based on o u r  hydrology procedures  f o r  a f i v e -  

y e a r  event ,  o u r  expe r i ence  wi th  t h e  W h i t e  Tanks p r o j e c t  shows t h e s e  c ros s ings  
I 

a s  designed would have only  f looded once i n  t h e  l a s t  1 7  years .  I b e l i e v e  

t h a t  it can be  s a i d ,  a t  l e a s t ,  o u r  f iv6-year  f lood  is a very  conse rva t ive  

f i ve -yea r  f lood .  

4. The v e r t i c a l  cu rves  were designed f o r  a 300 f o o t  s i t e  d i s t ance .  

, George Watt 
S t a t e  Design Engineer 

June  2,  1971 
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SPECIFICATIONS - SPECIAL PROVISIONS 



SPECIAL P R O V I S I O N S  

Crossing of Buckeye F lood  Reta rd ing  S t r u c t u r e  

1. Clear ing,  Grubbing and S i t e  P repa ra t i on  

Scope 

The work s h a l l  c o n s i s t  o f  c l e a r i n g  and grubbing des igna ted  areas by removal o f  
t r ees ,  shrubs, fences and rubb ish .  The l i m i t s  of t h e  a rea  t o  be c l ea red  w i l l  be 
marked by s takes o r  f l ags .  Trees, s t r u c t u r e s ,  o r  fences t o  be l e f t  s tand ing  o r  
und is tu rbed  w i l l  be des ignated on t h e  p lans  o r  w i t h  s p e c i a l  markings i n  t h e  
f i e l d .  

Disposal  

Unless o therw ise  spec i f ied ,  a l l  m a t e r i a l s ,  removed i n  t h e  c l ea r i ng ,  grubbing and 
s i t e  p r e p a r a t i o n  w i l l  be burned o r  buried,: o r  o the rw i se  d isposed o f  as approved by  
t h e  Engineer. 

I tems o f  Work 

I tems o f  work t o  be performed i n  conformance t o  t h i s  s p e c i f i c a t i o n  are:  

a. C lear  and grub upstream and downstream faces and t o p  o f  e x i s t i n g  dam, work ing 
areas as needed (and as approved by  t h e  Engineer).  

b. C lear  and grub downstream face o f  dam by  removing a1 1  heavy brush, l a r g e  
p l a n t s  and t r ees .  Those areas on t h e  downstream face t h a t  have o n l y  w ide l y  
s c a t t e r e d  t r e e s  o r  bushes s h a l l  be c l e a r e d  by  hand methods t o  min imize 
d i s tu rbance  t o  t h e  sur face t h a t  m igh t  encourage e ros ion .  

Removal o f  Water 

Scope 

The work s h a l l  c o n s i s t  o f  t h e  removal o f  su r f ace  water  and groundwater as needed 
t o  perform t h e  r e q u i r e d  c o n s t r u c t i o n  i n  accordance w i t h  t h e  p lans  and 
s p e c i f i c a t i o n s .  The Con t rac to r  s h a l l  b u i l d ,  m a i n t a i n  and operate a l l  necessary 
d i v e r s i o n  o r  impounding work as needed t o  p r o t e c t  t h e  cons t ruc t i on .  

The Con t rac to r  s h a l l  f u r n i s h  t o  t h e  Engineer, i n  w r i t i n g ,  h i s  p l a n  f o r  d i v e r t i n g  
sur face water  b e f o r e  beg inn ing  o f  c o n s t r u c t i o n  works f o r  which t h e  d i v e r s i o n  i s  
requ i red .  Acceptance o f  t h i s  p l a n  w i l l  n o t  r e l i e v e  t h e  Cont rac to r  o f  
r e s p o n s i b i l i t y  f o r  comple t ing  t h e  work as spec i f ied .  

I tems o f  Work 

Th is  i t e m  s h a l l  c o n s i s t  o f  t h e  temporary d i v e r s i o n  o r  removal o f  su r f ace  water  and 
dewater ing o f  t h e  c o n s t r u c t i o n  s i t e  d u r i n g  t h e  c o n s t r u c t i o n  per iod .  



3. E a r t h  F i l l  

Ea r t h  f i l l  c o n s t r u c t i o n  s h a l l  conform t o  Sec t i on  211 of t h e  MAG Standard 
S p e c i f i c a t i o n s  except  as m o d i f i e d  as f o l l o w s .  

Foundat ion P repa ra t i on  

Foundat ions f o r  e a r t h  f i l l  a r e  composed of t h e  n a t u r a l  grade a t  t h e  upstream t o e  
o f  t h e  dam, t h e  upstream s l ope  f o r  t h e  e x i s t i n g  dam, and t h e  t o p  o f  t h e  e x i s t i n g  
dam where c o n t a c t  w i l l  be made between t h e  e x i s t i n g  and t h e  new embankment. 

Foundat ion su r f ace  s h a l l  be graded t o  remove su r f ace  i r r e g u l a r i t i e s  and s h a l l  be 
s c a r i f i e d  p a r a l l e l  t o  t h e  a x i s  of t h e  fill t o  a  minimum depth of 4 inches un less  
o the rw i se  s p e c i f i e d .  

The n a t u r a l  grade r e c e i v i n g  new embankment a t  t h e  upstream t o e  of t h e  e x i s t i n g  dam 
s h a l l  be processed t o  a  depth of 2 fee t .  Th i s  may be accompl ished by  removing t h e  
n a t i v e  m a t e r i a l  t o  a  depth o f  1 foot ,  a d j u s t i n g  m o i s t u r e  i n  t h e  s u b s o i l  as f o r  
embankment c o n s t r u c t i o n ,  and compact ing t h e  s u b s o i l  a l s o  t h e  same as f o r  
embankment cons t ruc t i on .  The m a t e r i a l  p r e v i o u s l y  removed can t hen  be rep laced  
under t h e  same c o n d i t i o n s  r e l a t i v e  t o  mo i s tu re  and compaction. 

The m o i s t u r e  con ten t  of loosened fill s h a l l  be c o n t r o l l e d  as s p e c i f i e d  f o r  t h e  
e a r t h  fill, and t h e  sur face m a t e r i a l s  of t h e  foundat ions s h a l l  be compacted w i t h  
t h e  f i r s t  l a y e r  of e a r t h  f i l l  as s p e c i f i e d  f o r  subsequent l a y e r s  of e a r t h  f i l l .  

4. Measurement and Payment 

No separa te  payment w i l l  be made f o r :  

a. C lear ing ,  Grubbing and S i t e  P repa ra t i on  
b. Removal of Water 
c. E a r t h  F i l l  

Compensation f o r  t h i s  work w i l l  be i n c l u d e d  i n  o t h e r  b i d  schedule i tems. 
Foundat ion P repa ra t i on  s h a l l  be p a i d  f o r  a t  t h e  c o n t r a c t  u n i t  p r i c e  per  square 
y a r d  of "McMicken Dam Sur face Prepara t ion . "  Measurement s h a l l  be t o  a  l i n e  10 f e e t  
o u t s i d e  t h e  t o e  o f  new f i l l  as shown on t h e  p lans.  


