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H E H O R A H D U H  

DE?ARTMEHT OF VATEX RESOURCE5 
EHGINEE3IHG DIYISiON 

FLOOO MAHAGE?E?iT SECTION 

TO: James R. Morris, P.E. 

F3OM: David E. Creighton, Jr. 

DATE : January 25, 1989 

SU3:ECT: Review of Secgnd C3A Cznttnniai Wash Re?or~ (January 6 ,  1989) 

-. 
i ne rz  i s  no evidence that a proi~ssicnai engineer had any involvenenr in th i s  
r:vision. 

The following comments are in addition t o  the cemments datzd October 23, 1988. 

1. C3A d i d  r u n  the HEC-1 model with subdividing o f  4 of the 7 subareas 
r~quesz2d by MC'C3, and did inszrr an RL c2rS f o r  chann~l perc9lz~'cn 
10.5525. 

2 .  The reach routings RS (NSTP5) values i n  numerous cases appear t o  have 
created lengths tso short for the ccmpuration intzrval with a resulting 2 1  
warning messages. Channel subr23ches (NSTPS) nead t o  be examined for  
number t o  reduce o r  eliminarz the 2 1  warning nessages. Reaches have been 
reducsd t o  t o o  short lengths for the c~mputacion time intzrval,  

3. Lag-times should be based on computed travei time f o r  channel and overiand 
flow. The CN number and upland fiow merhods i n  SCS Chaptzr 15 are humid 
area expedients f o r  drainage are3s n o t  t o  e x c ~ e i  2,000 acres. Revision i s  
needed and computaxion sheets neod t o  be submitttd for  review. The 
pattern of lag-time revision i s  inconsistenr with previously submitted 
materials. Reason for  choico of method needs t o  be stated. The HEC-1 
1 ine 3 ID Card Ti t l e  Curve Numbers determined by Upland Method and Line 11 
KM. Lag-time = Hydraulic Langrh, average watershed slope and CN creats 
cmfusion i n  understanding what C3A actually d i d ,  The l ine  11 LY phrasz 
indicates the Curve Number method equation 15.4 was used in spi te  of the . . 

2000 acre upper limit. 

4. Channel N-values should be specir'ically supporttd, Many s t i l ?  appear 
be too low. 

5 .  Curve Numbers should be deiewined by f ield transect vegetation sampling 
and soil  type smpie transects using the best available infornation. 
Reierenczs neod t o  be supplenentod by the SCS Soil Survey of: 1) Yavaoai 
County, Arizona, Western Parr, Marcn 1976, and 2 . )  Aguila-Carefree area, 
parxs of Maricspa and Pinal Counxies, Arizona, April 1986, The TX-55 



(Reierezcss 17) Table 2-?d is useful guidancc rflen the appropriair level 
of ground cover is facrsred in. 

6. The text of the regort ignores channel percolation losses. A statenenc 
needs to be included. The percolation losses on sheet or shallow flow 
plain areas are not realistically accounted for due to the variation 
betreen channel flow surface area for a single path as the conventional 
reach cross-section imp1 ies. The Centennial Wash watershed has major 
groundwater recharge. The watershed stream flow record data from 1961 
through 1985 provide indications o f  the magnitude of losses from strem 
flow through the volume of runoff occurring during the runoff period for 
general area wide rainfall events. 

. 7. Overtopping of cross-sections or dams must be examined and eliminated or 
justified by individual case discussion in the regor: text. The 
overtopping locscions with excenc of overcouping are: 

Reach 5 
Reach 7 

Narrows Dam 
Reach 8 
Reach 13 

Eagletai 1 Oetention 
Reach 16 

Old Camp Oetention 
Reach 20 

Over tou  Amount 

8. Subareas without flood control structures needing revision or subdivision 
are : 
a. Ritter Dam belongs in Subareas 2 instead of 1. See attached Map. 
b. Subarea 2 needs to be divided into 2 or 3 subareas. 

9. Subareas with flood control structures needing revision and correction are 
21, 26, 27, 29, 30, 31, 35, 36 and CAP Reach 7 at Coyote Wash Flume. The 
following discussions details the deficiencies in modeling and analysis 
logic. 

The Tiger Wash Detention. Harquahala FRS, Saddlehack FRS, Harquahala 
Floodway. Saddleback Floodway, Eagletai 1 Reach and Old Camp Wash (Reach 
CAP GRA Reach 6 or 7) require analytical examination of their physical 
characteristics in order to properly configure the HEC-1 model. The 
detention structures and floodways are not reservoirs in the model 
sense. Rather, they are long, non-symmetrical channels approximating a 
wide, flat triangle with a 2 1 2 1  slope side and a variable slope of the 
uphill ground from the dam alinement to the upslope flood flow contact. 

These definition structure flood convergence channels result in a 
continuous communication channel receivina several concentrations of 
runoff at locations along the channel in addition to sheer or plain flaw 
adjacent to the wash channel. 



Exminarlan of the 13 poinc difizsion of a:scnar:es leads :o axeoinarlon 
oi :ke wasn c3annei OccJrrencas as <he and a i  the Beimonr Hcunrzins. This 
division poinr beween CAP Reams 6 and 7 snows char c r i t i c a i  exmina~ion 
fo r  definition of the Coyote Wash drainaae area i s  neczssary and should 
have bean done originally. The cross drainage protecrive works f o r  CAP 
Reach 7 ,  a t  Coyote Wash. The discharge a t  aqueduct s ta t ion 180+55 of 1458 
cTs i s  f o r  approximately 30 square miles of waxershed tha t  C3A omitted 
from the model. 
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s i CROSS DRAINAGE STRUCTURES I I 

.. , - 1 - k 
Ooen aaueduct and br~dqe 

( Siohon and ChKk 

L__ Trms~n~ss~on l ~ n e  

Ovachute 
I 

. Culvert 

-4-i- 4- 01re 

-A- Dralnoqe d~lch 

PE4K STOR4CEI P W K  

STATION SIZE Q in GIPACIV I Q out OESICIV STORM 

(cis) (oc. f t )  (cfs) 

i IlO+OO 30" OIA PIPE CULVERT 4 0 4 5- 6hr CENaW m R M  

121 +60 30" OIA. PIPE C U L W  :6 0 1 16 I 5Oyr. 6hrGENEIW STQRM 

i 1 4 6 i 5 0  48" ZBBL PIPE CULVERT 406 16 184 50yr. 6hr G E N E .  STORM / ; 
IBO+ 50 67-6" WIDE OVERCHm I 4 5 8  6hr. l0Oy CENER4L STORM 

6917 0 

( 29J+50 67-5" lVOE OERCHUE 1458 6hr. lOOyr C C N W  STORM ! 

J58c.33 jnCK RaBBlT l V !  SIPHON I I 6hr. IOOyr C W W  STORM 1 
J74+ 75 YlCK R4881T WASH SIPHON 6hr. IOOy CENEnaL STORM I . 

L 
/ 393+00 66" OIA. PIPE OMRCHUE 

69 50yr. 6hr C W W  STORM I 
325 24 ' . 

i 4 0 2 + 5 0  I 66" OIA PIPE OVi3ClfUE 69 5Oyr. 6hr C E N W  STORM . 
/ 4 8 5 + 0 0  ( 47-4" WIOE OMnCHUTE 1710 i6J 1 1576 50yr. 6hr GENNDV\L STORM ' 

5 4 4 + 2 5  J6" 2BBL PIPE CULbERT i 70 2 j .6J 50yr. 6hr CEliDUIL a R M  I a 

C 561+50 JO" OIA PIPE CULVERT 17 1 0 1 I7 50yr. 6hr CENERU. STORM 1, 
571+50 JO" OIA. PIPE CULVERT 9 0 9 5 Oy. 6hr C W E W  iTCliM 

' 

(. 585+00 M.SYAMPA RIVER SIPIION 1 I- \. 

1 62.3+.35 HASS4YAMPA R I K R  SIPHON / f 
, 

- . . ,  . ? - -. . . - .--. ...'../-.p--s/ /.' * --. 
2 

/ 
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APPLIED AND HYPOTHETICAL PERCOLATION LOSS RATES 
================================== 

Percolation Rate Values 
in  Conceptual Regions 

fo r  Bed Material Groups 

10 100 
FLOW DURATI0I.J TIME (HOURS) 



Comet p+wJ R e j i s ~  
40 fl 

Bed ~ s h o d G r n ~ ~  
&SO I&o- Rate 

V a l u c s  

O I L *  R I V E R  AND T R l E U T A R l E Y  

TIME. l1RS. 

I-IYPOTI IETICXL PERCOLATION 

LOSS RATE C U R V E  
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M r .  Shoja  Amani DZC 

C e l l a  B a r r  A s s o c i a t e s  I " =  AMB i'rTY GDC 
2075 North 6 t h  Avenue 
Tucson, Arizona 85705 - - - - - - 
SUBJECT: CEiiTENNIAL WASH FIS Ff LE 

Dear Mr. Amani: 

We have reviewed t h e  s u b j e c t  hydrology r e p o r t  submi t t ed  September 22. 1988,  

0 -  and have t h e  , fo l lowing  comments : I 

1. The r a i n f a l l  amounts used f o r  t h e  a r e a  need t o  be r e v i s e d  t o  show 
a n  average  p o i n t  r a i n f a l l  f o r  t h e  a r e a  t h a t  su r rounds  t h e  i s o h y e t e s  a s  
shown i n  t h e  NOAA A t l a s  I1 publ i shed  by t h e  N a t i o n a l  Weather S e r v i c e .  
The a r e a l  r e d u c t i o n  then ,  w i l l  on ly  apply  t o  t h e  s u b - b a s i n  a f f e c t e d  by 
t h a t  p o i n t  r a i n f a l l  amount, n o t  t h e  t o t a l  C e n t e n n i a l  Bas in .  

2. Our o f f i c e  was informed t h a t  t h e  l a g  t imes  from t a b l e  one and t h o s e  
u s e d  i n  t h e  HEC-1 i n p u t  w i l l  be r e v i s e d  i n  t h e  amended r e p o r t .  

3 .  A l l  o f  t h e  reach  r o u t i n g s  (RS record)  must be r e v i s e d  a s  f o l l o w s :  

N S V S  a .  F i r s t  f i e l d  must s p e c i f y  t h e  number of sub-reaches  based on 

( A m  s KX>. t h e  average  v e l o c i t y  of t h a t  reach.  HEC-1 manual o u t l i n e s  t h e  
procedure  invo lved  i n  e s t i m a t i n g  t h i s  pa ramete r  i n  d e t a i l .  

b.  Second f i e l d  must be alpha-numeric s p e c i f y i n g  t h e  type  of 
t h e  i n i t i a l  c o n d i t i o n  t o  be used i n  t h e  t h i r d  f i e l d .  

c .  Four th  f i e l d  of t h i s  r ecord  can  be u r i l i z e d  t o  account  f o r  
t h e  wedge s t o r a g e .  

4 .  The " n "  v a l u e  used f o r  t h e  reach r o u t i n g  ( R C  r e c o r d )  should  be 
i n c r e a s e d  f o r  t h e  mesquite t h i c k e t s .  

- 

L 
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5 .  The RL record  must be u t i l i z e d  t o  ensure  t h a t  t h e  i n f i l t r a t i o n  
l o s s e s  a r e  accounted f o r .  We have done s e v e r a l  in-house  s e n s i t i v i t y  
a n a l y s i s  us ing  t h e  d i f f e r e n t  methods sugges ted  by t h e  a v a i l a b l e  
l i t e r a t u r e  on t h e  s u b j e c t .  I t  appears  t h a t  i n  most o f  t h e  c a s e s .  
C e n t e n n i a l  Wash does n o t  meet t h e  requirements  and t h e  assumptions  t h a t  Too 
govern t h e s e  methods. There fore ,  ve sugges t  a  l o s s  r a t e  o f  0 .2  c f s   per^.^^ 
v e t t e d  a c r e  f o r  t h i s  normally d r y  channel  be used  a s  sugges ted  by t h e  -, 
U. S. Army Corps o f  Engineers  P u b l i c a t i o n :  " G i l a  R i v e r  and 3, L-$ L 

W 

T r i b u t a r i e s ,  C e n t r a l  Arizona Water Cont ro l  S tudy ,  USACOE, Los Angeles 
f U d ' 4  . niL, + D i s t r i c t ,  May, 1982."  This va lue  vas sugges ted  f o r  t h e  S a l t  R iver  

below G r a n i t e  Reef Dam and appears  t o  be t h e  b e s t  a v a i l a b l e  d a t a  f o r  ./;" 

t h e  s tudy  a r e a .  --- 2&7 
:3_ ,3 

6. X a i n f a l l  d i s t r i b u t i o n  f o r  Sub-basin 29 and 3 1  v i l l  have t o  be 
/ 

r e v i s e d  t o  i n c l u d e  an I N  ca rd  f o r  t h e  i n w n d e d  i n t e r v a l .  Cur ren t  
d i s t r i b u t i o n  shows 1 .93  inches  of r a i n f a l l  o v e r  a  15 minute  p e r i o d .  

/ 

7 .  Watersheds 4 ,  6 ,  8 ,  10 ,  12.  21 and 35 need t o  be f u r t h e r  sub- 
d i v i d e d  t o  i s o l a t e  t h e  mountainous a r e a s  which v i l l  produce t h e i r  own 
peak d i s c h a r g e  due t o  a  s h o r t  response t ime.  

8 .  P l e a s e  change t h e  c l a s s i f i c a t i o n s  of Crag and Harcuvar t o  R a i l  Road 
s i d i n g s  . 

I f  you have any q u e s t i o n s ,  p l e a s e  c o n t a c t  hmir Motamedi o r  me a t  262-1501. 

S i n c e r e l y ,  

J o e  Tram / F l o o d p l a i n  Branch S u p e m i s o r  

Copy to: David E. Creighton Jr., P.E. 
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SUBJECT: R e v i e w  o f  C B A  S e p t e m b e r  2 2 ,  1 9 8 8 ,  d r a f t  o f  C e n t z n n i a l  
Wash S t u d y  ( F E M A  F l o o d  I n s u r a n c e  R e - S t u d y )  

The i n i t i a l  i m p a c t  a n d  i m p r e s s i o n  o f  t h e  t e x t  a n d  HEC-1 m o d e l  
i n p u t  i s  t h a t  t h e  b a s i c  n a t u r e  o f  t h e  w a t 2 r s h e d  a s  a  l o s i n g  
s t r e a m  d u e  t o  p e r c o l a t i o n ,  a n d  s i g n i f i c a n t  h e a v y  v e g e t a t i o n  
t h i c k e t s  o r  m e s q u i t e  b o s q u e s  a l o n g  t h e  f l o w  p a t h s  h a s  n o t  b e e n  
r e c o g n i z e d .  The  g e n e r a ;  a l l u v i a l  p l a i n  ( f a n )  n a t u r e  o f  s u b a r e a s  
i s  n o t  r e c o g n i z e d .  T h e  r e s u l t i n g  f i c t i o n a l  m o d e l  h a s  e r r o n e o u s l y  
m o d i f i e d  s u b a r e a  b o u n d a r i e s ,  u n d e r - r a t e d  c h a n n e l  f r i c t i o n  l o s s 2 s ,  
a r t i f i c i a l l y  r e d u c e d  l a g  t i m e s ,  and  i g n o r e d  p e r c o l a t i o n  l o s s e s .  

H i s t o r i c  e v e n t s  h a v e  b e e n  i g n o r e d  a n d  i n t e r p r e t a t i o n  o f  t h e  
s t r e a m  f l o w  w i t h  h i s t o r i c  p r e c i p i t a t i o n  a n d  s t o r m  e v e n t  d a t a  
a p p e a r s  d e f i c i e n t ,  i f  i t  was a t t e m p t e d .  I n  a d d i t i o n  t h e  t e x t  h a s  
b e e n  w r i t t e n  w i t h o u t  a n  a d e q u a t e  k n o w l e d g e  o f  c i v i l  c o m m u n i t y  
o r g a n i z a t i o n  a n d  w a t e r s h e d  d e v e l o p m e n t .  The  d o c u m e n t a t i o n  i s  
i n a d e q u a t e  t o  s u p p o r t - t h e  HEC-1 i n p u t  and  o u t p u t  a s  h a v i n g  
v a l i d i t y  f o r  t h e  i n t e n d e d  p u r p o s e .  

The d i s m i s s a l  o u t - o f - h a n d  o f  t h e  U S G S  W R I  7 9 - 5  f r e q u e n c y  f l o w  
e s t i m a t e s  i n  f a v o r  o f  a  s y n t h e t i c  m o d e l  a p p e a r s  i l l - a d v i s e d .  I n  
t h i s  i n s t a n c e  f o r  C e n t e n n i a l  Wash, t h e  USGS f r e q u e n c y  f l o w  
e s t i m a t e s  b a s e d  o n  S t a t i o n  ,+09517500 a r e  c o n s i d e r e d  t o  m o r e  
c o r r e c t l y  r e f l e c t  f l o w  f r e q u e n c y  w i t h  t h e  p e r c o l a t i o n  l o s s e s  
u n d e r  h i s t o r i c  c o n d i t i o n s  t h a n  t h e  HEC- I  m o d e l  a s  p r e s e n t e d .  

The f o l l o w i n g  commen ts  a r e  m o r e  s p e c i f i c a l l y  o r i e n t e d .  



• Watzrshed D e s c r i p t i o n  

"Towns" has  conveyed l e g a l  s t a t u s  t o  t h r e e  communit ies  
( u n i n c o r p o r a t e d )  and t w o  r a i l r o a d  s i d i n g s  Harcuvar  a n d  Crag. The 
wa te r shed  c h a r a c t e r i z a t i o n  i g n o r e s  i t s  1 o s i n g  s t r e a m  n a t u r e  due 
t o  p e r c o l a t i o n  l o s e s  which must be r e c o g n i z e d .  The mesqui te  
t h i c k e t s  a n d  bosques  of t h e  f l o o d  p l a i n  have segments  where " n "  
v a l u e s  i n  t h e  r a n g e  of 0.1 would be more a p p r o p r i a t e  t h a n  t h e  
0.05-0.035 u s e d .  

A l a r g e  p o r t i o n  of t h e  bas in  s t i l l  remains i n  n a t i v e  watershed  
s t a t u s ,  o n l y  t h e  bottom f l o o d p l a i n  l a n d s  have been s i g n i f i c a n t l y  
s u b j u g a t e d  f o r  i r r i g a t i o n .  The e x t e n t  of m e s q u i t e  t h i c k e t s  
( b o s q u e s )  o n  t h e  bottom needs t o  be r e c o g n i z e d  p h i l o s o p h i c a l l y  
and computat  i on  w i s e .  

The R i t t e r  Dam r e f e r e n c e  (Page  7 )  c a l l s  a t t e n t i o n  t o  t h e  
q u a d s h e e t  l o c a t i , o n  and :vatershed suba rea  b o u n d a r i e s .  Tne R i t t e r  
Dam i s  p a r t  of Subarea  2 n o t  Subarea  1 .  

1.1 S t r u c t u r a l  F e a t u r e s  

S p e c i f i c  i n f o r m a t i o n  o n  t h e  s t r u c t u r a l  f e a t u r e s  needs t o  be 
i n c l u d e d  a s  s u p p o r t i n g  t c x t  o r  appended i n a t e r i a l .  The t e x t  
c u r r e n t l y  i s  i n a d e q u a t e .  

The J u l y  29 and 3 0 ,  1 9 7 5  s torm and domino f a i l u r e  of about f i v e  
Upper c k n t e n n i  a1 and one Lower Cen tenn ia i  d e t e n t i o n  s t r u c t u r e s  
shou ld  be s p e c i f i c a l l y  a s s o c i a t e d  wi th  t h e  r e p o r t e d  (non-USWB 
s o u r c e s )  t h r e e  i n c h e s  t o  s i x  i n c h e s  d u r i n g  a b o u t  f i v e  hours .  
Th i s  l o c a l  s t o r m  might  be g r e a t e r  t h a n  a  1 0 0 - y e a r  small  a r e a  
e v e n t .  T h i s  s t o r m  provided z e r o  r e p o r t 2 d  r u n o f f  a t  t h e  USGS 
C e n t e n n i a l  Gage #09517500, u n l e s s  t h e  mean d a i l y  f low of 2.3 c f s  
o n  August 6 and 2 . 2  c f s  August 7 was a  r e s u l t  of t h e  t r a v e l  t i m e  
f o r  t h e  e v e n t .  The T ige r  Mash gage (309517280,  65.2~11) had an 
e s t i m a t e d  100 c f s  r e p o r t e d  f o r  J u l y  30 ,  1975.  Winters  Wash 
(+09517400,47 .85sm)  had 2 7 5  c f s  r e p o r t e d  f o r  J u l y  2 9 ,  1975. The 
Narrows Dam s p i l l e d  dur ing  t h i s  1 9 7 5  e v e n t .  

1 .2  Lower C e n t e n n i a l  Basin 

Crag i s  t h e  s i t e  f o r  a  r a i l r o a d  s i d i n g .  R e f e r e n c e  only  t o  t h e  
McArthur r e p o r t  i s  i n a d e q u a t e  f o r  r e p o r t  d o c u m e n t a t i o n  a n d  
r ev iew.  S p e c i f i c  d a t a  f o r  t h e  s e v e r a l  s t r u c t u r e s  needs t o  be 
i n c l u d e d  w i t h  t h e  d i s c h a r g e  l o c a t i o n s  and s p i l l w a y  ( o u t l e t  works 
and c h a n n e l s )  g i v e n  and l o c a t e d .  A s p e c i f i c  s k e t c h  drawing t o  
i n t e g r a t 2  t h e s e  s t r u c t u r e s  i n t o  t h e  C e n t e n n i a l  and T ige r  Wash 
f low p a t h s  s h o u l d  be inc luded .  F i g u r e s  2 and 3 a r e  not  a d e q u a t e  
f o r  t h i s  p u r p o s e .  

I t  i s  improper  t o  a t t e m p t  t o  r e l o c a t e  t h e  T i g e r  Wash from t h a t  
s h o w n  o n  t h e  U S G S / U S C E / S C S  maps. Board of  Geographic  Name 
p r o c e d u r e s  have n o t  been f o l l  owed i f  j u s t i  f i e d .  



2 .  A v a i l a b l e  In fo rma t ion  

I n  a d d i t i o n  t o  t h e  f o u r  Cen tenn ia l  Wash gaging  s t a t i o n s  p r o v i d i n g  
h i s t o r i c  d a t a  f o r  i n t e r p r e t a t i o n  and a n a l y s i s ,  t h e  f r equency  d a t a  
i n  WRI 79-5  and t h e  Roske Report  shou ld  be c o n s i d e r e d .  In t h i s  
i n s t a n c e ,  t h e  35 ,000 t o  38,000 c f s  100-year  d i s c h a r g e s  a r e  
undoub ted ly  a  more v a l i d  i n t e r p r e t a t i o n  than  t o  use HEC-1 w i t h o u t  
u s i n g  t h e  RL-channel l o s s  p r o c e d u r e s .  Th i s  l o s i n g  s t r eam when 
p r o p e r l y  modeled may produce l e s s  t h a n  t h e  f r equency  a n a l y s i s .  
The McArthur Report  i s  based o n  a  TR-20 model wi thou t  channel  
l o s s e s  and may a l s o  o v e r s t a t e  t h e  d i s c h a r g e .  The T i g e r  Wash 
4 ,550 c f s  d i s c h a r g e  o n  August 20 ,  1970 a p p a r e n t l y  a l s o  was 
c o m p l e t e l y  a t t e n u a t e d  and consumed b e f o r e  r e a c h i n g  t h e  Cen tenn ia l  
Wash gage.  A more s i g n i f i c a n t  e v e n t  a s  a  g e n e r a l  s torm would be 
t h e  September 25-26,  1976 f lows f o l l  owing t r o p i c a l  s torm Kath leen  
and t h e  subsequen t  t r o p i c a l  a i r  s u r g e .  

3 .  Dra inaae  Bas ins  

S m a l l e r  w a t e r s h e d s  would have more c r e d i b i l i t y ,  e s p e c i a l l y  T i g e r  
Wash, Subarea  2 and 36 and o t h e r s  i n  ranges  of 90 t o  120sm, i f  
t h e y  were reduced i n  s i z e .  

T i g e r  Wash shou ld  p robab ly  be broken a t  t h e  USGS d i s c o n t i n u e d  
gage s i t e .  

The l o c a t i o n  of T i g e r  Wash (Subarea  2 1 )  o n  F i g u r e  2 i s  n o t  in  
agreement  wi th  t h e  t o p o g r a p h i c  and s o i l  su rvey  mapping by USGS 
and SCS. The renaming of T i g e r  Wash a t  a  l o c a t i o n  o t h e r  then  
mapped by t h e  USGS/USCE/SCS i s  a  b reach  of Board of Geographic 
Names p r o t o c o l  and p rocedure .  

The a r t i  f i c i  a1 C e n t e n n i a l  Wash channel  between C o n c e n t r a t i o n  
P o i n t s  1 and 2 i s  not  i n  accord  wi th  t h e  t o p o g r a p h i c a l  mapping 
and t h e  s o i l  su rvey  a e r i a l  mappings which shows f low p a t h s  by 
v e g e t a t i v e  growth c o r r c e n t r a t i o n s .  

Old Camp Wash i s  a  t r i b u f r y  of Win te r s  Wash (Subarea  3 5 ) .  - 
Winters  Wash has a  USGS p a r t i a l  r e c o r d  s t a t i o n  r ecord  wi th  
r e p o r t e d  peak f lows d u r i n g  t h r e e  y e a r s  when t h e  downstream 
C e n t e n n i a l  Wash USGS s t a t i o n  r ecord  r e p o r t s  z e r o  f low f o r  t h o s e  
wa te r  y e a r s .  

The b r a i d i n g ( e d )  c h a n n e l s  of t h e  a l l u v i a l  p l a i n  from t h e  
Harquahala  and Big Horn Mountain c r e a t e  problems of watershed  and 
boundary d e l i n e a t i o n  f o r  t h e  T i g e r  Wash (Subarea  2 1 )  d r a i n a g e  i n  
p a r t i c u l a r .  The T i g e r  Wash d e t e n t i o n  s t r u c t u r e  o u t l e t  works and 
s p i l  lway 1 o c a t i o n  i s  no t  s u f f i c i e n t  reason  t o  r e l o c a t e  by f i v e  
m i l e s  t h e  mapped l o c a t i o n  of t h e  wash. 



@ 4 .  Subarea  D e l i n e a t i o n  and Reach Labe l ing  

Subareas  1 and 2 need t o  be redrawn t o  p r o p e r l y  p l a c e  t h e  R i t t e r  
Dam and w a t e r s h e d  i n  Subarea  2 .  

-.. 
Reach 1 needs  t o  r e c o g n i z e  t h e  man ipu la t ed  channel  pa th  from 
S e c t i o n s  31 ,  3 2 ,  T8N, R8W th rough  Agui la  and west a long  t h e  
s o u t h e r l y  margin of t h e  developed l a n d s  t o  below C o n c e n t r a t i o n  
P o i n t  3 and wes t  of t h e  La Paz-Maricopa County l i n e  ( S . 1 9 ,  T7N, 
R l O W )  

The l a c k  of mapped c o n t i n u i t y  of t h e  wa te r  c h a n n e l s  o n  t h e  USGS 
q u a d r a n g l e  s h e e t s  shou ld  be i n t e r p r e t e d  wi th  c a u t i o n  f o r  
i n f e r r i n g  t h a t  t h e r e  a c t u a l l y  a r e  c o n t i n u o u s  i d e n t i f i a b l e  f low 
c h a n n e l s .  T h i s  i s  c r i t i c a l l y  i m p o r t a n t  f o r  Subareas  1 and 2 a s  
well  a s  2 1  a n d  3 6 .  

The mapped p h y s i c a l  c h a r a c t e r i s t i c s  of 10s: o r  d i s c o n t i n u i t i e s  i n  
t h e  s u r f a c e  d r a i n a g e  p a t t 3 r n  a c r o s s  low r e l i e f  s l o p e s  a n d  p l a i n s  
s u p p o r t s  t h e  need f o r  e x c e p t i o n a l  c a r e  in s u b a r e a  d e l i n e a t i o n ,  
channel  i d e n t i f i c a t i o n  o r  m i s i d e n t i f i c a t i o n ,  and l a g  t ime o r  t ime  
of c o n c e n t r a t i o n  d e t e r m i n a t i o n .  

Dra inage  b a s i n s  should  be checked f o r  v a l i d i t y  e s p e c i a l l y  t o  
r e c o g n i z e  t h e  b r a i d e d  a l l u v i a l  s l o p e s  such a s  T i g e r  Wash and t h e  

@ d i s t r i b u t a r y  s l o p e  west of t h e  p r o p e r l y  i d e n t i f i e d  T i g e r  Wash 
pr imary  pathway.  

Wate rcourse  l e n g t h s  r e p o r t e d  t o  t h e  n e a r e s t  1  f o o t  f o r  t h i s  
wa te r shed  c r e a t e s  a  l o w - c r e d i b i l i t y  f a c t o r .  

The Reach i n p u t  d a t a  needs t o  be reviewed and r e v i s e d  a s  
a p p r o p r i a t e  t o  r e f l e c t  t h e  Reach e l emen t s  of  channel  ld id th ,  l e f t  
and r i g h t  overbank l o c a t i o n  and d e g t h ,  and s e c t i o n  s t a t i o n ,  
Manning ' s  n ,  Reach l e n g t h ,  and channel  p e r c o l a t i o n  l o s s  ( R L  t o  be 
added.)  The R X  and R Y  d a t a  p o i n t s  need t o  be reviewed comparing 
t h e  maximum w a t e r  s u r f a c e  e l e v a t i o n  from t h e  computa t ion  and 
summary w i t h  t h e  i n p u t  d a t a  f o r  o v e r t o p p i n g  o r  i n a d e q u a t e  f l o o d  
p l a i n  w i d t h .  A t  9 s e c t i o n s ,  t h e  maximum w a t e r  s u r f a c e  i s  h i g h e r  
t h e n  t h e  c r o s s - s e c t i o n  beg inn ing  a n d / o r  end e l e v a t i o n s  by amounts 
r a n g i n g  from 0.31 f e e t  t o  9.51 f e e t .  S u p p o r t i n g  e x p l a n a t i o n  f o r  
r i g h t  o r  l e f t  overbank beg inn ing  p o i n t s  a t  t h e  b o t t o m  of t h e  
c r o s s - s e c t i o n  channel  need t o  be g iven  i f  r e v i s i o n s  a r e  n o t  made 
t o  r educe  t h e  e x t e n t  of  i n d i c a t e d  o v e r t o p p i n g  due t o  i n s u f f i c i e n t  
width of  f l o o d  p l a i n .  

F i g u r e  2 o m i t s  i d e n t i f y i n g  Xeach XVII and t h e  Win te r s  Wash Reach 
i n  Subarea  36.  To r o u t e  a l l  of Subarea 2 7  r u n o f f  through t h e  
E a g l e t a i l  Reach D e t e n t i o n  a t  midpoin t  a c r o s s  t h e  suba rea  i s  
i m p r o p e r ,  and shows o v e r t o p p i n g  of t h e  s t r u c t u r e  by 3.15 f e e t .  



The i n t r o d u c t i o n  o f  n o n - c o n s e c u t i v e  n u m b e r s  a t  K K  c a r d s  w h e r e  @ --. 
r e t e n t i o n  s t o r a g e  r o u t i n g s  ( 6 )  a r e  i n c l u d e d  w i t h  Reach  r o u t i n g s  
( z o ) ,  i n t r o d u c e s  a  c o n f u s i o n  i n  t h e  summary t a b l e  w h i c h  r e c o r d s  
o n l y  R o u t e d  To i d e n t i f i c a t i o n  u s i n g  t h e  K K  (1 )  i d e n t i f i c a t i o n .  

5 .  P h y s i c a l  C h a r a c t e r i s t i c s  

V e g e t a t i o n  c o v e r  d e n s i t i e s  s h o u l d  b e  s u p p o r t e d  b y  d a t a  f r o m  
s e v e r a l  l o n g  t r a n s e c t s  w i t h  c o r r e c t l y  i d e n t i f i e d  p l a n t  s p e c i e s .  

The s o i l  a s s o c i a t i o n s  h a v e  m o d e r a t e  t o  m o d e r a t e l y  r a p i d  
i n f i l t r a t i o n  r a t e s .  The  v e g e t a t i o n ,  c h a n n e l s  a n d  s o i l  t y p e  
i n f o r m a t i o n  s h o u l d  b e  b a s e d  on  t h e  SCS M a r c h  1 9 7 6 ,  S e p t e m b e r  
1 9 7 7 ,  a n d  A p r i l  1 9 8 6 ,  d e t a i l e d  s o i l  r e p o r t s  r a t h e r  t h a n  t h e  
o b s o l e t e  ( i n  p a r t )  G e n e r a l  S o i l  maps. The p e r m e a b i l i t y  
( i n f i l t r a t i o n )  r a t e s  o f  0.6 t o  6.0 i n c h e s  p e r  h o u r  s h o u l d  b e  u s e d  
a s  g u i d a n c e  f o r  t h e  RL ( 3 )  . f ? W R T  v a l u e  ( c f s / a c r e )  t o  be  u s e d .  

The  u s e  o f  t h e  SCS d e t a i l e d  s o i l  s u r v e y  p h o t o  maps  f o r  t h e  L a  Paz  
( Y u m a ) ,  M a r i c o p a ,  a n d  Y a v a p a i  c o u n t i e s  s h o u l d  b e  u s e d  t o  t h e  
maximum e x t e n t  p o s s i b l e  t o  p r o p e r l y  e v a l u a t e  t h e  f l o w  p a t h s  a n d  
h e a v y  v e g e t a t i o n  g r o w t h  on f l o w p a t h s .  S u b a r e a  2  i n  p a r t i c u l a r  
n e e d s  t o  b e  r e e x a m i n e d  f o r  r e - e v a l u a t i n g  t h e  l a g  t i m e .  The 
f o l l o w i n g  d e t a i l e d  s u r v e y  r e p o r t s ,  w i t h  maps ,  b y  a r e a s  and  d a t e s  
a r e :  0 .- 

P a r t s  o f  M a r i c o p a  a n d  P i n a l  C o u n t i e s  

A g u i l a - - C a r e f r e e  A r e a ,  P a r t  A p r i l  1 9 8 6  
. M a r i  c o p a  C o u n t r y - - C e n t r a l  P a r t  S e p t e m b e r  1 9 7 7  

Y a v a p a i  C o u n t y - - W e s t e r n  P a r t  M a r c h  1 9 7 6  

The NASA s a t e l l i t e  1 : 2 5 0 , 0 0 0  I R  c o l o r  i m a g e  s h o w s  t h e  v e g e t a t i o n  
d e v e l o p m e n t  a c r o s s  t h e  C e n t e n n i a l  Wash f l o w  p a t h .  The 
d e s c r i p t i o n  t e x t  o f  t h e  r e p o r t  s u g g e s t s  a  c o m p l e t e  l a c k  o f  
r e c o g n i t i o n  o f  t h e  n a t u r e  o f  t h e  L o w e r  C e n t e n n i a l  w a t e r s h e d  a n d  
f l o o d  w a t e r  f l o w  p a t h .  R e c o u r s e  s h o u l d  b e  t a k e n  t o  t h e  d e t a i l e d  
S o i l  S u r v e y  p h o t o  b a s e  m a p p i n g  s h e e t s .  

A g r o s s  f i c t i o n  a p p e a r s  t o  h a v e  b e e n  c r e a t e d  f o r  S u b a r e a  2 1  t o  
e x p a n d  t h e  s u b a r e a  a n d  a l t e r  t h e  T i g e r  Wash f l o w  p a t h .  The  s p l i t  
f l o w  b r a i d i n g  i n  S e c t  3 4 ,  T5N, R l O W ,  a n d  S e c t  4 ,  T4N, R l O W  n e e d s  
t o  b e  a d e q u a t e l y  s u p p o r t e d  t o  d i s t r i b u t e  t h e  f l o w  b e t w e e n  t h e  
mapped T i g e r  Wash a n d  t h e  CBA T i g e r  Wash w h i c h  a p p r o x i m a t e s  t h e  
C e n t e n n i a l  Wash s i p h o n  o f  t h e  G r a n i t e  Reef  A q u e d u c t .  The  
s u b d i v i s i o n  o f  S u b a r e a  2 1  i n t o  t w o  o r  mo re  a r e a s  w o u l d  b e  
a p p r o p r i  a t e .  



e r 
O. Hyaro7oaic  A n a l y s i s  

The C e n t e n n i a l  'dash Dra inage  a a s i n  i s  a  l o s i n g  s t r e a m  due t o  t h e  
p e r n e a b i l  i t y  of t h e  f l o w  p a t h .  The p e r c g l a t i o n  l o s s e s  cannot  be 
i g n o r e d .  The channel  i s  pe rv ious  and has l o s s e s . - ,  Tne f l a t s  and 
broad m e s q u i t e  b o s q u e s ,  and t h e  i r r i g a t e d  farm l a n d s  occupying 
t h e  f l o w  p a t h  c a n n o t  c o n t i n u e  t o  be i g n o r e d .  

The e x t e n t  of  farms l o c a t e d  a c r o s s  t h e  f l o o d  .pa th  r a i s e s  
q u e s t i o n s  r e g a r d i n g  t h e  v a l i d i t y  of t h e  s t u d y  due t o  t h e  l a c k  -, of 
use o f  p e r c o l a t i o n  l o s s  p rocedures  i n  t h e  r o u t i n g  model. ~ n e  
e x t e n t  of  m e s q u i t e  bosques o r  t h i c k e t s  l o c a t e d  a c r o s s  t h e  f low 
pa th  o c c u r  s u f f i c i e n t l y  t o  r a i s e  q u e s t i o n s  o n  t h e  v a l i d i t y  o i  t h e  
Reach c r o s s - s e c t i o n  and v e g e t a t i o n  f low f r i c t i o n  f a c t o r s .  

The R L  c a r d  f o r  channel  l o s s  r a t e s  must be uszd t o  p r o v i d e  a 
-, c r e d i b l e  a n d  v a l i d  a n a l y s i s .  i n e  n v a l u e s  f a r  t h e  Reac3 c h a n n e l s  

a r ?  s u s p e c t  p a r t i c g l a r l y  through mesqui to  bosque a r e a s .  

6 . 1  Lag Time 

The l a g  t i m e s  need t o  be r e - ~ v a i u a t s d  and t h e  s a l i e n t  2;ement 
d a t a  s h o u l d  be d i s p l  ayed by proper  d o c l m e n t a t i o n .  Exp lana t ion  i s  
n2eded f o r  t h e  d i s c r e p a n c i e s  becween t h e  Schemat i c  d i s p l a y  and 
t h e  HEC-I Inpu t  l i s t i n g .  Subar2a 2 a p p e a r s  t o  be a  - .  p a r t i c u l a r l y  
f: a g r a n t  zxample o f  t r a v e i  t i n e  r n i s d e ~ 2 r ~ i n a t i o n .  I ne : i a t e r  f low 
path  from C o n c e n t r a t i o n  P o j n t  + 2  t o  t h e  head wa te r shed  p o i n t s  
approx ima t2  227,000 f e e t  a long a  h e a v i l y  v e g e t a t ~ d  c o u r s e .  The 
Schemat i c  t 'me of 9 hours  appe3rs  more n e a r l y  p r o p e r  t h a n  t h e  
2 . 4 5  h o u r s  i n  t h e  model .  

F u r t h e r ,  t h e  Lag Times ssgment i s  m i s l e a d i n g  and i n a c c u r a t e  i n  
t h e  f o l l o w i n g  i t e m s :  

1. Omission of l a r g e  b r a c k e t  c o n f u s e s  what i s  t o  be r a i s e d  t o  
t h e  power ( 0 . 3 8  i-n t h i s  source  f o r m ) .  

2 .  The u n i t s  of measurement a r e  o m i t t e d  from t h e  d e f i n i n g  L ,  
Lca,  and S .  

3.  The p h r a s i n g  and use  of Refe rence  8 i s  m i s l e a d i n g  because :  
a .  SCS does  n o t  u se  t h i s  method, b u t  r a t h e r  u s e s  Lg = 0.6 Tc 
b .  Rec lamat ion  i n  t h e  1 9 8 7  E d i t i o n  o f  Design of  Small Dams 

u s e s  t h e  form 



i n  w h i c h  C = 2 5  K,, 
w h e r e  K, = a v e r a g e  / 4 a n n i n g 1 s  " n "  v a l u e  f o r  t h e  d r a i n a g e  
n e t w o r k  h y d r a u l i c  c h a r a c t e r i s t i c s ,  
a n d  N = 0.33. 

o - c .  The  L o s  A n g e l e s  D i s t r i c t  ( U S C E )  i s  r e p o r t e d  t o  o f t e n  u s e  
C = 2 0  " n u ,  w h e r e  " n u  i s  t h e  e s t i m a t e d  mean ; 4 a n n i n g 1 s  " n u  
f o r  a l l  t h e  c h a n n e l s  w i t h i n  a n  a r e a ,  a n d  N = 0 .38 .  

6 .2  C u r v e  Numbers  

Why do  c u r v e  n u m b e r s  on  T a b l e  1 and  I n p u t  d a t a  d i f f e r  f r o m  t h o s ?  
on  t h e  s c h e m a t i c ?  What  i s  t h e  t e c h n i c a l  b a s i s  f o r  u s i n g  3 d i g i t  
CH: ? 

6 . 3  P r e c i p i t a t i o n  

The p r e c i p i t a t i o n  d e s c r i p t i o n  w i t h o u t  a  d i s p l a y  o f  h i s t o r i c  
maximums a t  t h e  s e v e r a l  l o c a t i o n s  i s  c o n s i d e r e d  i n a d e q u a t e .  
I n c r e a s i n g l y  t h e  v a l i d i t y  o f  N O A A  2 A t l a s  v a l u e s  a r e  b e i n g  
q u e s t i o n e d .  

What c o n s t i t u t e s  " a c c e p t a b i l i t y "  f o r  t h e  p r e c i p i t a t i o n  t o  s u p p o r t  
t h e  i n c r e m e n t a l  p a t t e r n s  u s e d  i n  t h e  H E C - 1  mode1 i n p u t  a n d  o u t g u t  
f o r  S u b a r e a s  2 8  a n d  3 1 ,  i n  c o m p a r i s o n  t o  t h e  o t h e r  s u b a r e a s ?  I s  
i t  s u p p o s e d  t o  b e  b a s e d  . o n  t h e  S C S  i I A  d i s t r i b u t i o n ?  

, 

! 



TO: All Employees 

FROM : Bill Plummer 

DATE : January 31, 1989 

SUBJECT : "CLEAN AIR FORCE State Government Challenge Week; 

WE DID IT! WE WIN! That's right, DWR beat all medium size Stgte 
agencies during " C L E M  AIR FORCE State Government Challenge 
Weekm! Approximately 65% of our Phoenix based staff participated 
in the Clean Air Campaign. The second place team in the medium 
size agency category was the Coliseum, with a 48% participation 
rate. There were 19 medium size state agencies (from 100 to 499 
employees) that we competed against. 

Your all-out effort made this win possible. You set an example 
for other state employees and proved that by working together 
cleaner air can become a reality for the valley. 

+- -a I'd also like to thank Beverly Beddow, Lin Stevens and catherine 
Balzano for coordinating the Department's Clean Air Campaign. 

On February 2nd, I will be representing DWR at Governor Mofford's 
Clean Air Campaign Reception and will accept a trophy for our 
achievement. The trophy will be placed in the 2nd Floor North 
reception area. 

During the reception there will be prize drawings for campaign 
representatives and all participating state employees. If any 
DWR employees' names are selected, Lin Stevens will be sure to 
let you know. 

CONGRATULATIONS FOR A JOB WELL DONE! 

-/- 
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9-5175. Centennial Wash near Arlington, Ariz. 

Drainage area. --1,810 sq mi, app~~~lmately. 

Records available. --January 1961 to September 1963. 

-.--Water-stage recorder. Datum of gsge is 773.22 ft above =an sea level, d a b  of 1929. 

Extremes.--No flow during year. 
1%-63: dimcharge, 14,500 cf. July 23, 1951 (cage height, 4.70 R), from rating curve extended above 5,500 cis by 

logarithmic plotting; no n~ for most of time. 

Remarks.--ti0 flow since Scpt. 24, 1962. Observation. of no flow generally made once a month. Figures of discbrge for d m Q r  
year 1562 are as follws: )laxhxn, 180 Cis; mFnimm, 0; m-, 0.7 cfs; rum=, 522 acre-ft. 

I 



9-5175. CenrcnnY W u h  nu Arlington, A r i r .  I 

Dminage area.--1,B10 sq m i ,  approximately. 

Records available .--January 1961 to September 1967. 

-.--Water-stage recorder. Datln of gsge i s  773.22 3. a w e  mean sea level ,  datm of 1 p 9 .  

Average discharge.--6 pus, 1.82 c i s  (1,320 acre-ft p r  p a r ) .  

Extremes.--Haxiwm and midmum f o r  the water years 1 W - 6 7  arc  contained Fn the foLlovFng table :  

.axiinm Minhn 
Water Discharge Cage height Discharge 
year ( c i s )  ( fee t )  rate (c i s )  

19% w 31, 1964 2,850 3.74 m a t  o r  year o 
1965 Rb. 7,1%5 3.27 f b s t  of p a r  0 
1y56 sept.13, 1966 5,500 4.13 mnt of p a r  0 
1567 Sept. 5, 1967 l,@Q 3.27 m a t  of year 0 

R-rka.--Record. fair exceyt f l o v s  below 100 cis, w h i c h  are poor. ? low regulated by several m ~ l l  retention h in 7 

C r l  yr 1963: Total 0 *an 0 Mar 0 Hin 0 k-ft 0 
Wer yr 1964: Total 982.4 Man 2.69 Max 340 W.U 0 Ac- f t  1,950 

peak discharge (bane, 1,300 c i s ) . - - ~ u l y  31 (1730) 2,850 c i s  (3.74 R!. 



C M  ?rr'ER BASE1 lm 

?-5175. Centennial ;;ash near X r l i z @ a a ,  Arir. - - iontbucd 

Discharge, in cubic fee t  per second, vater ;?ar 'Xtaber 1964 t o  Septezber 1965 

Day Oct. Nov. k c .  Jan. Feb. Mar. Apr . :.kY ;une Ju& Aw. Sept. 
1 0 
2 

0 
0 0 

3 0 
4 

0 
0 0 

5 0 0 

6 0 G 
7 17 7 0 
8 9.3 
9 

U 

3 .h C 
10 0 0 

ll 0 C 
1 2  0 0 
13 0 0 
14 0 2 8 
15 0 5 .4 

16 0 0 
17 0 0 
18 0 
19 0 

0 
0 

a 0 0 

21 0 0 
22 0 0 
23 0 0 
24 0 0 
25 0 0 

26 0 0 
27 0 0 
28 0 0 
29 0 
30 - - - - -  0 

31 - - - - -  - - - - -  - - - - -  - - - - - 0 - - - - -  
T O ~  0 0 o o 189.3 0 

0 0 3 3 
0 0 3 5 33.4 0 

*an 6.78 3 o 3 5 o 1.28 3 
 ax o 3 o 0 o 3 '2 3 28 3 
Min 3 0 5 0 '7 : 5 5 3 3 3 5 
&-it 0 0 3 0 377 5 3 J 3 3 56 9 

Cal yr 1964: Total  9 2 . 4  ~ ~ 2 . 6 9  ~ s x 3 U  .xi113 k-it 1,350 
Wtr yr 1965: T o t a l  223.3 M c a n 0 . 6 1  W l T I  Min 3 k-ft 443 

Peak diachargc (base, 1,300 cfs).--Feb. 7 ( ~ 0 0 )  1 , 3 b  cis (3.27 ft). 



--, 
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;-5175. :==te~nial :;sel =ear Arlington, Xriz.--Continued 





PROJECT: 

COUNTY : 

RECORD OF CONTACT 

TYPE : 

F ILE NUMBER: 
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Location. --Iat 33e16'05", long L12*47'50", on line between secs.7 and 8, T.2 S., R. 5 W., on upstream aide of ford on formcr U. S. 
Highvay 80, 3.0 mFles upstream f m  GFUespie Dam and 4.4 miles southwest of Arlington. 

Drainage area.--1,EllO aq mi, appmrhately. 

Records available. --January 1961 to September 1563. 

-.--Water-stage recorder. Datum of gage is 773.Z it above mcan sea level, datum of 1929. 

Extms.--No flow during year. 
1561-63: Mxam dischar~e, 14,500 cis July 23, 1961 (gage height, 4.70 it), from rating curve extended above 5,500 cis by 

logsrithmic plotting; no flow for most of time. 

Remarks.--No flow since Sept. 24, 1562. Observations of no flaw generally made once a month. P i w e 8  of disckrge for calendar 
year 1962 are as follows: himm, 180 cis; m F n m ,  0; mean, 0.7 cis; mff, 522 acre-it. 
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is obtained fo r  areas having several soil-cover Equation (3) is useful under conditions 

/I complexes. The example area contains a Group where there is a possibility of runoff whenever 
i B soil. The weighted number can be more there is rainfall. For  the condition that  Q= 

d 1 easily obtained by accumulative multiplication 0 a t  a value of P greater than zero, use of an  
:! ( on a calculator. initial abstraction, I,, is required (see the dia- 
rd  
C I 1 gram on fig. A-4). With the condition that  

' I TABLE A-6.-Sample c o ? ~ ~ p u t a t i o n ,  weight ing  of I ,  cannot be greater than P, equation (2) then 
I I hydrologic soil-cover complex numbers  becomes : 

....... Le~umes, contoured, good rotation.. 
...................... \leadow. permanent I 1 58 3;:: 1 2s z ( P -  I " ) ?  

, _ _ _ _ _ _ _  Q =  ( P -  I "+S)  
(5) 

......................................... Total.. I 100 / 7.337 

-- Since S includes I,, a n  empirical relation be- 
IVeighted number=-*=i3.3i 

100 
(u.s. Soil Conservation service.) tween the variables can be developed to simplify 

R O U ~ ~ - d l  to 73. equation (5) .  Data from watershed in various 
parts of the country give: 

A-5. Estimation of Direct Runoff From Rainfall. Ia=0.2S I C\ 

-(a) General Storm Rainfall.-The method 
uses three variables in estimating runoff: rain- Substituting (0.2s) for I,, in equation (5) gives 
fall, antecedent moisture condition, and the equation (1). 

I 
hydrologic soil-cover complex. Equation (5) can be further expanded to 

(1) Runoff eqzmtion.-The curves of figure recognize other given conditions or factors. 
A 4  are  obtained using the equation: However, such expansions in themselves do not 

mean greater accuracy in runoff estimating, 

where : 
Q=direct runoff, in inches 
P=storm rainfall, in inches, and 
S=maximum potential difference between P 

and &, in inches, a t  time of storm's 
beginning. 

Equation (1) is derived by starting with the 
proportion : 

- - -  

accuracy. 
(2)  Significance of S.-Plottings of direct 

runoff, Q, versus storm rainfall, P, on natural 
watersheds show that  Q approaches P as  P 
continues to increase in the storm. The same 
data show that  (P-Q) approaches a constant as  
P continues to increase. The quantities can be 
shown together as  in equation ( 2 ) ,  above, and 
i t  is apparent that  the constant S is the maxi- 

to potential difference between P and Q, and can be related to S. I 

runoff. 
Solving for Q gives : 

(P-Q) that  -occurs is  iirnited by. either soil- 
water storage or an  infiltration rate as P in- I 
and the infiltration rates of a watershed. I 



is 
Estimating Rainfall Runoff from Soil and Cover Data 

(3)  Significance of I,.-The insert on figure 
A-4 shows that I, is equal to the rainfall that  
occurs before runoff starts. Physically, I, con- 
sists principally of interception, infiltration, 
and surface storage. Equation (6) ,  which re- 
lates I, to S, is based on data from large and 
small watersheds in various parts of the coun- 
try. Further refinement of equation (6) is 
not recommended, since the data needed to 
break I, into components of interception, in- 
filtration, and surface storage are  seldom avail- 
able on a watershed basis. For the same 
reason, adjustment of the coefficient 0.2 in equa- 
tion (6) is not recommended. 

(4) System of curve numbering.-For con- 
venience in interpolation, the curves of figure 
A-4 are numbered from 100 to zero. The 
numbers are related to S as follows: 

1,000 
Curve number = - 

1O+S 

A curve for the case Ia=O, equation (3 ) ,  
is displaced to the right for the case Ia=0.2S, 
equation ( I ) ,  by the amount of 0.2s. There- 
fore, the curve numbers given in table A-2 
should be used only with figure A 4  or with 
equation (1) . 

(5) Antecedent moisture conditions.-The 
amount of rainfall in a period of 5 to 30 days 
preceding a particular storm is referred to as 
antecedent rainfall, and the resulting condition 
of the watershed in regard to potential runoff 
is referred to as  an antecedent condition. In 
general, the heavier the antecedent rainfall, 
the greater the direct runoff that  occurs from a 
given storm. The effects of infiltration and 
evapo-transpiration during the antecedent pe- 
riod are also important, as they may increase or 
lessen the effect of antecedent rainfall. 

Because of the difficulties of determining 
antecedent storm conditions from data normally 

IP-0.2SJZ 
Figure A-4. Solution of runoff equation, Q=- 

P+0.85 ' 
(Sheet 1 of 2.) (U.S. Soil Consenation Service.) 288-D-2549. 



54 2 DESIGN OF SMALL DAMS 

P = 8  to  40 inches -1 
iP-0.2S)I 

Figure A-4. Solution of runoff equation, Q=- (Sheet 2 of 2.) (U.S. Soil Conservation Service.) 288-1)-2549. 
p+o.es ' 

available, the conditions are reduced to  the fol- point, and when satisfactory plowing or culti- 
lowing three cases: vation takes place. (This condition is not con- 

AMC-I.-A condition of watershed soils sidered applicable to the design flood computa- 
where the soils are dry but not to the wilting tion methods presented in this text.) 



- 1 , Estimating Rainfall Runoff from Soil and Cover Data 

AMC-11.-The average case for  annual floods, 
I that  is, an  average of the conditions which have 

preceded the occurrence of the maximum an- 
nual flood on numerous watersheds. 

AMC-111.-When heavy rainfall or light rain- 
fall and low temperatures have occurred during 
the 5 days previous to the given storm, and the 
soil is nearly saturated. 

The numbers on tables A-2, A-3, A-4 and 
A-5 and figures A-2 and A-3 a re  for  the aver- 
age watershed condition, AMC-11. Curve 
numbers for one antecedent moisture condition 

TABLE A-7.-Curve numbers (CIV) arrd constants 

[For  the case IW=0.2S] 

V C S  for Curve'  C.V C.V for Curve'  
o r  renditions 1 S starts ,I for o n i t o n  I starts 

condi- values1 where ondi-  values' where 
inches P  = . , tion inches P =  . 

- in rhes  

43 30.0 
37 40.0 
30 56.7 
22 90.0 
13 190.0 
0 in- 

finity 

6.00 
8.00 

11.34 
18.00 
38.00 

in- 

finity 

? ' " ' ' " " ' ~  

' F o r  C N  i n  column I .  

may be converted to a different antecedent 
moisture condition by the use of table A-7. 
For example, the computations in table A-6 
give an AMC-I1 number of 73. The corre- 
sponding curve number for  AMC-I and AMC- 
I11 can be obtained from columns 2 and 3 of 
table A-7. The curve numbers for  AMC-I 
and AMC-I11 are  54 and 87, respectively. 

(b)  Thundersto~m Rainfall.-Estimates of 
direct runoff from thunderstorm rainfall a re  
more difficult than for  general storm rainfall 
because data for thunderstorm-caused floods 
a re  meager. Type and density of vegetative 
cover on a watershed, a s  well as  the time- 
sequence of rainfall, appear to have more in- 
fluence on thunderstorm runoff than do ante- 
cedent moisture condition and soil group. 

A definite time-sequence of 15-minute in- 
cremental rainfall has been assigned for each 
designated geographical zone for thunderstorm 
precipitation values given in this text. A sim- 
plified "Thunderstorm Cover Index" relating 
to vegetative cover type and ground cover 
density for watersheds west of the 105" merid- 
ian has been developed. After design thun- 
derstorm precipitat ion values have been 
arranged in respective time-sequence magni- 
tude (see table A-8), direct runoff increments 
are  computed by the procedure in the examples, 
section 58 (c) ,  using appropriate runoff curve 
number, table A-9, and minimum 15-minute 
retention loss rate for respective hydrologic 
soil group, table A-10. 

TABLE A-8.-Design thunderstorm precipitation time- 
sequence in 15-),1inute intervals 

Order of rna~ni tude  
Tinle, hour 

Zone3 I and I!! Zone I 1  

0.0 . . . . . . . . . . . . . . . . . . . . . . .  0 0 
0.25 . . . . . . . . . . . . . . . . . . . . . . .  4 3 

.50 . . . . . . . . . . . . . . . . . . . . . . . . .  3 2 

.75.  . . . . . . . . . . . . . . . . . . . . . . .  2 I 
1.00 . . . . . . . . . . . . . . . . .  1 14 
1.25 . . . . . . . . . . . . . . . . . . . .  3 

1 . 5 0 . .  . . . . . . . . . . . . . . . . . .  6 
1.75 . . . . . . . . . . . . . . . . .  7 
2.00 . . . . . . . . . . . . . . . . . . . . . .  8 
2.25 . . . . . . . . . . . . . . . . . . . . . . . .  9 
2.50. . . . . . . . . . . . . . . . . . .  10 
2.75 . . . . . . . . . . . . . . . . . . .  I I 
3 .00.  . . . . . . . . . . . . . . . . . . . . . . . .  '12 

' Duration l imit  of zone rainfal l  
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458 GILA R I E R  BASIN 

' I DRAINAGE AREA.--1,810 mi' (4,690 ha), approximately. .. 1 
( - ', 

L .  -- . .  . - - - -  - . . . . 
I I.( GILA RIVER BASIN . .  A 

09517500 ENEWIAL WASH MAR ARLIKlU4, ff 

II)CATICN.--Lat 33'16'12''. long 112*47'50", in sec.7, T.2 S.. R.5 W.,  khricopa County, llydrologlc Unit 15070104, on upstream side of 
ford on forner U.S. Highway 80, 3.0 mi (4.8 h) upstream frm Cillespie h ud 4.4 mi (7.1 h) scuthwsst of Arlington. 

&$- 09517490 CENTENNIAL WAS8 AT SOUTBLRH PACIFIC RAILROAD BRIDGE, '. Q l  I 
NEAR WINGTON, AZ 

/ I '  
1 ,  

7 '  I*:  
.--Lat 33'18'37", long 112'52'52", in S W S W t  sac.28, 1.1 S., R.6 W., Maricopa County, Bydrologic 

on downstram sida of bridgm, 9.0 mi upstream from Gillaspia D m  and 7.2 mi southwast of , I 

YYY 11- 
- i PRIOD OF RECORD.--May 15, 1980 to Sapte&ar 1985 (discontinuad). Daily discharga graatar t h m  300 ft31s only 1 

( ( 4  
a>> publishad October 1984 to September 1985. 
51512 1 .' 1 

i nnn I GAGE.--Hatar-stags recorder. Datum of gage ia 841.06 ft above National Geodatic Vertical Datum of 1929 (Maricopa j 
nnn ,-,-,- YYY 

County flood control banch mark). , 
YYY 
rxx . l i; 
m-., RLMARKS.--Estimatad daily dischargas: Oc5. 1 to Nov. 15, warm wall balow the 300 ft3/s limit. Thara was no daily SZZ , dIschusm this p a r  aL 01 above 500 It I s .  Flow regulatad by sevmxal small ratentlon d-, in uppp. and do;. ; ,; --. 
-me. basin. Small divarsions abova station for irrigation. , 0-1, 

8 , '  , *  ," 

I i E(=S FOR PERIOD OF RECORD.--Maximum discharga, 15.600 ft3/a Sapt. 2, 1984, gaga height, 11.34 It, from ratins , 

I - " 

c u m *  axtandad &ova 200 ft3/s on baais of step-back watmr analysis; no flow for many day. aach yaar. : ,, ,i 



TABLE 3 

STRUCTURAL DATA - REVISED 

F'LOODWATER RETARDING STRUCTURES 

Harquahala Valley Watershed, Arizona 

Harquahala Saddleback 
Item Unit  FRS FRS ' fota l  

Class of  S t ruc tu re  b a 
Drainage Area ( T o t a l )  Sq.Mi. 102.3 29.6 131.9 

Average Curve Number (1-day AMC 11) 86 89 
E leva t ion  Top of Dam M.S.L. 1 41 9 1194.2 
Elevat ion Crest  Emergency Spillway M. S. L. 1409 1190.5 
Elevat ion C r e s t  P r inc ipa l  Spillway M.S.L. 1392.8 11 79.0 
Maximum Height of Dam Ft .  43.0 22.0 
volume of  ill C U . Y ~ .  4,5309558 584,051 5,114,609 
Length Mi. 11.5 5 2 ~ 7  16.77 
Maximum Bottom Width F t .  234 133- 
TOP width ~ t .  14 11 
Upstream Slope Z:1  3 3 
Downstream Slope 2: l  2 2 
Total  Capacity 1/ AF 1kb7 15,157.5 10,911 

Sediment (50 y r . )  AF 41 4 534 
Re t a rd ing  AF 10,497 4,127 14,624 

Surface Area 
Sediment Pool Ac. 77 89 166 
Retarding Pool AC . 1304 879 2,183 

Pr inc ipa l  Spillway Design 
Ra infa l l  Volume (Areal,  1-day) In. . 3.87 3.98 
Ra infa l l  Volume (Areal, 10-day) In .  5.99 6.08 
Runoff Volume (10-day) In.  2.61 3.22 
Capacity C.F.S. 485 800 
Frequency Opera tion-Bnergency Spillway % 1.0 No Spillway 
Dimensions of Conduit Ft. -37 0 l o p 8 5  
Tailwater Elevat ion M.S.L. 1360 117 
Type of Out le t  S.A.F. P.W.D. 
Draudown Time Days 9.08 8.5 

mergency Spillway Design 
R a l n f a l l  Volume (ESH, a r e a l )  In.  3.49 3.81 
Runoff Volume (ESH) In .  2.24 2.71 
Storm Duration Hours 6 6 

Concrete Chute No Spillway 
%om Width F t .  100 

Veloci ty  of Flow ( ~ e )  F.P.S. 2.18 
Slope of Ex i t  Channel Ft. /Ft.  .02 
Maximum Reservoir Water Surface E leva t ion  M.S. L. 1409.9 1190.5 
Side Slopes 2:l  0 
Maximum Outflow from ESH Routing C.F.S. 400 801 

Freeboard Design 
R a i n f a l l  Volume (FH,  real) In.  7 -35  6 - 5 5  
Runoff Volume (FH) In. 2.91 2-38 
Storm Duration Hours 
Maximum Reservoir Water Surface E leva t ion  M.S.L. 1418.8 1194.9 !i! 
Maximum Outflow from F'H Routing C.F.S. 9650 914 -1 

Capacity Equivalents  
Sediment Volume In. .0759 .0761 
Retarding Volume In. 1.93 2.62, 

1/ A t  c r e s t  of emergency apillway. - 
2/ Includes benn width. - 
l/ No emergency spil lway. Elevat ion shown i s  t h a t  a t t a i n e d  by rou t ing  of  emergency sp i l lway  

hy drograp h. 

&/ No emergency apillway. Elevat ion shown i s  t h a t  a t t a i n e d  by rou t ing  of f reeboard sp i l lway  
hydrograph. 

This inc ludes  8 0  AF i n  Basin #1, 21 AF i n  Basin #2, and 19 AF i n  a rea  between basins .  

g/ Outflow through p r i n c i p a l  spi l lway.  

7/ Includes 55 ac. of nondraining a reas .  - March 1976 



TABLE jA - Revised 

STAUCRIRE DATA FOR DIVERSIOXS. LEVEES, AND FLOODWAYS 

Harquahala Floodway - 3.u mi.  
1 11+72 0 
2 22+00 

485 500 
485 500 

120+00 .96 1265 1265 a 122+10 1265 1265 
177+00 .98 1265 1265 
185+00 1265 1265 
193+00 1265 (Natura 

Centennial Levee - 9.45 mi. 
1 41+00 0 0 

7 ~ 0 0  
95+00 8 18 

120+00 10.18 3562 
160+00 14.91 5218 
180+00 15.57 5450 
200+00 16.24 5683 

2 238+00 20.99 7539 
300+00 622- 2 q 9 0  
331+00 
361+50 ; n 

j88+50 n 
u 6 + 0 0  n n 
W12+50 n n 

469+00 n n 

498+00 n n 

525+00 n n 

m d  540+00 652 I' 

Levee 

I '  18 ,000215 6.80 3 3 
(Natural channel) 

1 I 1.03 1 .OES 

(1-10 crossing, 3 - 10'x 5 l  C.B.C.) 
35 .0090 61 2 2 
3s 1 .0045 1 $:381 21  2 1:8:51 :83 
35 0.0 -38 2 2 ,035 -035 

Channel (Xltlety 

Velocit ies  Bsforb 
e 

( fps)  Work Project  
Agea A* &lilt' 11-&/ 

4.09 ~ . W ~ I - R  0-E 

2.83 2.83 I 

n n n 

4.96 6.07. I 
5.05 6.12 " n 
5.12 6.16 n 
5.21 6.21 n 
5 . 1  6.26 n 

5-40 6-34 I 

5.63 6.40 I 

5-70 6-43 n 

5. 8 6.46 . 
5.i8 6.50 " n 
5.92 6.51 : n 

n 
n 

6;03 6;55 : n rn 

n n n n 

1 9  1.91 I-E N-E N-E 

n ( i 9 6 4 ) - ~  
7.02 7.02 I - R  0-E 
5.59 5.59 ( 1-8 1 N-E 
5-59 4-49 I-E N-E 

L/ Cross sect ional  area below hydraulic grade l i ne ,  ( ~ t . ' ) .  

2/ Wetted perimeter below hydraulic grade l i n e ,  (Ft.).  - 

' %i An unmodified, well defined na tura l  channel o r  stream. - Mnnmade ditch o r  previously modified Channel (approximate date of or ig ina l  major ' 
construction).  

0 - None o r  p rac t i ca l ly  no defined channel. 

4/ - Perennial - flows a t  a l l  times except during extreme drought. - Intermit tent  - continuous flow through soma seasons of the year but l i t t l e  o r  no flow 
through other seasons. 

E - Ephemeral - flows only during periods of surface run-off, otherwise dry. 
S - Ponded water with no noticeable flow - caused by lack  of ou t l e t  o r  high gro&&ater table.  

- Establishment of new channel including necessary s t ab i l i za t i on  measures. - Enlargement o r  realignment of ex is t ing  channel o r  stream. 
111 - Cleaning out na tura l  o r  manmade c h a ~ e l  (includes bar remova; and major clearing and 

anagging operation). I "  
I V  - Clearing and removal of loose debris  within Chamel section. 

V - Stabi l iza t ion  a s  piimary ~ u r p o s e  (by continuous treatment o r  loca l ized  problem a m a s  - 
present capacity adequate . 

E - Earth channel. 
R - Rock r iprap  channel. 

k/ 1 0 ~ F l - 2 M  storm depth = 3.0' [low flow channel). 
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I TABLE 1 

CENTENNIAL WASH 

THE HEC-1 ANALYSIS 

Precipitation / 
4 hrs. - 100-y*.)(y-, 

(in.) 





PARAMETERS 

TABLE 1 (Cont .) 

CENTENNIAL WASH 

USED I N  THE HEC-1 ANALY S 

Drainage Area - : - -  

Drainage (square La 
-1 1 .... \ sub-Basins f 

preci  pi t t t i o n  
(24 hrs. - 100-yr.) 
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Table 1.--Reqression equations f o r  f l o o d  magnitudes a t  
se lec ted recurrence i n t e r v a l s  and correspondinq 
standard e r r o r  o f  est imate 

E: Mean bas in  e leva t ion  i n  
thousands o f  f e e t  above mean 
sea 1 eve1 . 

P: Mean annual p r e c i p i t a t i o n  i n  
inches. 

Equation 
Standard e r r o r  o f  estimate, 

i n  percent  

REGION 1--NORTHWEST PLATEAU AREA (17 STATIONS) 

93 - 

8 1 

80 

83 

86 

9 1 

105 

C A  
- - -- .&A 

REGION 2-SOUTHWEST DESERT AREA (26 STATIONS) 

76 2239- 

53 697q 

53 I I 

6 2 2 2 ~ r r  

7 2 33  198 

83 4 L 9 q q  

111 91 031 







Centennial Wash 

SCHEMATIC OF THE 
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(0) ttt 
1 ttt PARU UG ltt H O D I F I E P  PULS ROUTING KAY b'E NUKERICALLY UNSTABLE FOP OUlFlOWS EETYEEN 0. 10 160. 

'3 THE ROUTED HYPROGRAPH SHOULD 81 LXAHIHED f O R  OSCILLATIONS OR OUTfLOh'S GREATER THAW PEAK IHFLOKS. 
:THIS  CAH BE COfifiECTED 6Y I f C R f 4 S I W G  THE T l n f  I nTERYAL OR IUCREASING SlOfiAGE (USE A LONGER RIACH.) 

it# ttt ttt ttt ttt 
HYDROGRAPH AT STATION 1 

P E R k f l O U  l l h ' l  HAX lXUX AVERAGE fLOW 
6-Hf i  24-HP 72-Hfi 9Y .SO-HR 

t r ~ f s l  ( H R I  
(CFSI  

+ 44251. L 22,50 , 40703. 27585. 12386. 5 0 6 1 .  
&) 993 rl,e+J i l w c ~ ~ s r  0.518 1,405 1.8?2 1.913 

(AC-[TI : , 201  63, 54713. 73705. 7451?. 
74- 4gXB; 

PEAK STORAGE T I n E  WAIIXUI A Y E ~ A G E  STORAGE 
6-HR 24 -H f i  72-HR 91.50-HR 

PEA& STAGE T I H E  
6-HK 

+ ( F E E T I  IHR)  
*258 ,63  - 12.50 257.91 

3?08. 1955. 1496. 

HAXIKUK AVERAGE S T A N  
24-HR 72-HR 9P.50-HR 

254.9s 250.35 246.73 

ttt trt ttt ttt ttt tt$ tft $St ttt tit ttt ttt tfi ttt ttt ttt tSt ttt ttS tit ttt ttt ttt Sit tti St1 ttt $tt ftt I 
tttt~ltttlStY1 
t t 

198KK t 8 t ROUTE HYOfiOGRAPH 1-16 THROUGH REACH 3 
t t '3. 8 

rtttSttttttttt 

HYDROGRAPH ROUTlUG DATA 

ROUTlWG LOSSfS  
OLUSS 0.00 I W J T I A L  LOSS 
CL OSS 0.00 ADDIT IOUAL f R A C T I U N  LOST 

STORAGE ROUTIHG 
WSTPS e 10  WUHEER O f  SUBf i fACHLS 

ITYP F ~ O U  TYPE OF IHITIAL C O W D ~ T ~ O W  
RSYRIC -1.00 I H I T I A L  CONDIT lON 

X 0.00 lORXlWG R AWD D C O E f f l G I E H I  

l O d H A L  DEPTH CHANh'EL RUUTlWG 



I 

-' ., 

~t t t t t t t t t t t t t t t f t t t t t t t t t t t t t t t t t t t t t~~~~  t t t t t t t t t t t t t t t t f t t t t l t t t t t~ t  Paae 

a 
SUEEASIW RUWOff DATA 

371 BA SUBBASIH CHARACTERISTICS 
TAREA 101.30 SUBBASfH AREA J' 

f?"+' 
PRECIPITATIOH DAiA 

/' . '""I 
3,93 EASIW TOTAL PRECIPITATIOH 

- 
372 $0 STOfiH 

- - - 
- IHCREHEWTAL PREClPITATIOH PATTERH--1, 

.- 
373 P I  

0.00 0.01. 0.01 o,ej 0.01. 0.01- 0.01 0.0 
0.01. O,ol$ 0.01 0.01. 0.01 o,Q~.'B 0.01 0.0i" 0.02- 0#6* 4 
0.01,:~ 0.03 ' b  0.05 0 . 3 ~ ~  I, 0.07.7' 0.04 bc 0.03 0 . 0 2 G 0 . 0 2  0.01 *Y 
Q , O ~ . ~  P . Q J ~ ~  o.01 0.01 0.01 0.0.1bB 0-01 O,QI o.01 O.QJ@ 
o.01, o.al 0.01 O , O I Y ~ O . O I  0 . o ~  o.o! O.OJW/ 

,I7 
38.3 lS SCS LOSS RATE - 4  

0.41 INITIAL ABSTRlCTIOn . U @  STRT L 
CRYHSR 83.00 CURYE NUHfiEfi .33 

0.00 PERCEHT IHPEfiYIOUS AREA n o 7  

RTIHP . I '  

384 LID SCS DI~EHSIOBlESS U I T G R A P H  Aloe % -- 
T LAG 4.85 LA6 

3.2 'I 
- ttt 1 T. 

UWIT HYDROGRAPH j '; 

50 E HU-OF-Pf RlOB ORDIWATES 
933, 1773, 2881. 4361. 6120. 7660, 8761. 94019 95800 

I 

!i 
282. 

9523, 9062, 8426. 7698. 6809. 5736. 4735. 3981. 33821 2876. 
I; 
;! 

2481, 2138, 1829, 1546. 1313. 1121. 919. 818. 694. 590* !I 
229, 194. 165, 139. 121. 

I: 
266. i 1; : 

500. 429. 365. 314. 28. 19. 9. I!. 
47. 38. 103. 92. 81. 69 58. .. 11 1 1 :  . i 

11: : 

Stt :!I, . 
t t t  t t t  ttS t t t  i ~ /  

HYDROGRAPH AT STATION +SUB29 : - 7 I I 
1:. 8 

!I 

TOTAL R ~ ~ H F A L L  = 3.91, TOTAL LOSS = 1.70, TOTAL EXCESS = 2.23 
!! ; 
.I,: 8 

I:! : 

\? : 
PEAK FLOY TIHE HAXIlUH AVERAGE FLOY 1)  j 

72-Hh' 99.50-HR 11.: 
6-HR 24-HR 

I f (CfSI (HRI 
(Cf S I  

! 

+ 15962.. 17.00 13675. 6022. 2021. 1462. 
2,226 . 2.226 

1 J I C E S  1.255 2.21 1 i j 3 ~ 3  
(AC-FTJ 6781. 11945. 12024. 12024. 1 
CUHULITIYE AREA = 101.30 SQ H I  1: 

i! l 
;.t ; 8. . 
1 ;  
, . 

%gt t t t  ttt ttt f t t  ~ $ 8  $gt $11 $1: t t t  i t t  t t t  rtt tit 111 t t t  rtr trt rrr rtt r:t $38 t ~ t  rtt tgt ~~~ rgt t t t  t t$ ttt lrr  lit 

t t t t t t t t t t t t t t  
r t  ) 385 Kl f 4 $ ROUTE (HARQUAHALI F,R,S.I 
t  t  



- 11111111111111 
ROUTE HYDROGRAPH 29 THROUGH BETENTIOH STRUCTUR 

HY PROGRAPH ROUTIHG DATA "I 
337 R L  ROUTIHG LOSSES 

QLOSS 0.00 IHITIAL - LOSS .. r l  ."-,nu - \ Y- " I CL OSS 0,00 APDITIOHAL tKnLllun L U J I  

) ' t . 2 ~ ,  5 -  
- 

- - STORAGE ROUTIHG 
HSTPS 1 HUUGER Of SUBREACHES 

~ T Y P  ELEV TYPE OF IHlTIAL COHDITIOH a,.. 

RSYRIC 1393.00 IHITIAL COHBITIOH 
X 0.00 HORKIHG R AHD D COffFICIfHT 

STORAGE 0.0 lbOO.0 1500.0 2300.0 

DISCHARGE 0. 121. 172. 210. 

I PEAK STORAGE TIHE f i l x l n u n  n v t r n u t  JlunnuL 

24-HR 72-HR 99.50-HR 6-HR 
I*  . 

+ (AC-fTJ IHR) I, ' 
11424. 35.00 11409. 11259. 10689. 8646. 1. 

j '  
I ! 

!EAK STAGE TIll ~ A X I H U W  AYERAGE STAGE 
6-HR 24-HR 72-HR 99.50-HR 

+ (FEETI IHRJ 
. 1108.67~' 35.00 1408.66 1406.58 1408.25 1405.57 

J: ~8 4 3  

CUHULATIYE AREA = 101. 

ttt ttt ttt ttt $11 $11 ttt ttt - .  t p  jti 111 $11 it1 



1ttttittttttttttttttt#ttttttttttttttttt:t$ t t t t t t t t t tS t t t I t t I t~ t~~ t t I~ t t  Pape 83 

392 RL ROUTlWG LOSSES 
QLOSS 0.00 IHITlAL LOSS 
CLOSS 0.00 ADDITIOHAL FRACTIOI LOST 

393 US - STORAGf ROUTING - - - 
WSTPS 6 ' WUWBEU OF SUBREACHES 
lTYP FLOY TYPE OF IWITIRL COUDlTlOI 

RSVR!C -1.00 I N ~ T ~ A L  ConDITron 
X 0.00 UORKlHG R AHD D COEFFICIEIT 

3?4 RC HORWAl DEPTH CHA#HEL ROUTIWC 
AXL 0.040'I~~7 OVEfi0AHb 8-VALUE 
AICH 0.028 &IN CflANUEL W-IALUf 
AFR 0,040'~lGHl Oi1ffi61YI I-VALUE 

5 

0.0 IAX. €LEV. FOR STORAGEIOUTFLOW 

CROSS-SECTIOI DATA 
--- LEFT OYERBAWK --- + ------ flAI! CHAINEL ------- f --- RIGHT OYERBAHK --- 

ELEYATIOI 1205.50 1205.50 I20.3.50 1?03.50 1200.00 1200.00 1203.50 1205.00 
DISTANCE 0.00 10.00 14.00 24.00 ,36.00 71.00~ 83.00 163.00 - 

L. s 35' 
ttt 

COWPUTID STORAGf-OUTF LOU-fLEYATlOU DATA 
STORAGE 0.00 7.60 15.62 24.05 32.91 42.19 51.85 61,93 72.53 83.48 
OUTf 101 0.00 15.26 48.95 97.21 158.66 232.57 318.50 416.19 525.49 646.33 

fLlVATlOI 1200.00 1200.29 1200.58 1200.87 1201.16 1201.45 1201,74 1202,03 -1202.32 1202.61 
STORAGE 94.85 106.64 118.85 134.96 155.44 180.12 208.99 242.06 278.26 314.72 

-OUTfLOU 778.66 922.51 1077.91 1119.80 1328.10 1568.37 1841.03 2118.64 2515.77 2926,57 
- J  €LEVATION 1202.89 1203.18 1203.47 1203.76 1204,05 1204.34 1204.63 1204.92 1205.21 1205.50 

t 

roorrrto rulr nourrnt arr ar aunmrcruu arrrstr ran ourrlous srrurrw -233. TO 2927. 
THE ROUTED HYDROGRAPH SHOULD Bf fXAWIWED fDR OSCILLATIDIS OR OUTfLOHS GREATEU THAH PEAK IHFLOYS. 
THIS cAn BE CouREcrEo BY DECREASIIG THE TIME IHTERYAL OR IICREASIHG STORAGE (USE A LOIGER REACH,) 

ttt ttt ttt 
HYDROGRAPH AT STATIOW 

PEAK fL0Y TIWE IAXIWUW AVIRAGE FLOU 
6-HR 24-HR 72-Hfi 99.50-HR 

f ( C f S I  (#RI 
(CF SI 

+ 340,/36.00 340. 339. 336. 275. 
3 ~ ~ ~ ~ ~ I W C H E S J  0.031 0.125 0.370 0,419 . 

(AC-FTJ 169. 673, 1998, 2262. 

< 

PfAK STORAGE TIWE WAXIWUW AVERAGE STORAGE 
6-HR 24-HR 72-HR 99.50-HR 

+ IAC-FTI (HRI 
9. 35.50 9 .  9. 9. 7. 



- 
- 

Stt ttt i f#  ttf ttt ttt ttt ttt ttt ttt ttt ttt ttt ttt ttt Xtt ttt ttt ttt ttt ftt ttt tXt ttt ttt tSS tit  ttt ttt ttt ttt ttt ttt 

399 BA SUBBASIS' CHARACTERISTICS 
TAREA 28.60 SU66kSII AREA 

PRf CIPITATION DATA 

372 P6 SU?RI 
J 

3.93 BASIN TOTAL PRiCIPIiATlON 

400 LS SCS IUSS RATE 
STRTl 0.56 IWlTIAL ABSTRACTION 
CRYNBR 78,00 CURYE N U ~ B E A  
RTIllP 0.00 PERCENT IlPERYlUUS ARfA 

401 UD SCS oln;;u;onuD 4.75 LAG 

- ttt 

UNIT HYOROGRAPH 
50 EHD-OF-PERIOD ORDINATES 

83. 276. 525. 857. 1299. 1824, 2266. 2570. 2735. 2763. 
2735. 2570. 2376, 2155. 1879. 1547. 1271. 1078. 91 2. 774. 
673. 572. 489. 406. 351. 296. 254. 213. 182. 152. 
131. 111. 95 80, 69. 58. 50. 41. 36, 30, 
27. 24 20, 17. 14. 11. 8, 6, 3, 0. 

Stt ttt - St1 Stt ttt 
HYDROGRAPH AT STATlON SUB30 

TOTAL RAINFALL = 3.93, TOTAL LOSS = 2.10, TOTAL EXCESS = 1.83 
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HAXIWUW AYERAGE f LOW 
6-HR 24-Hfi 72-HR 93.50-HR 

I t ICFSI I HR! 
ICFSI 

t 3710. 17.00 3166. 1401. 469. 340. 
IIHCHESI 1.029 1.822 1.831 1.831 

11.69 IAC-FTI 1570, 2779. 2793. 2793. 

t t t fSt t t l t fSt t  
1 1 / 

402 KK 1 5 1 ROUTE (SADDLEGACK F.R.S.J 
1 
111tt11111tttt 

ROUTl HYDROGRAPH 30 THROUGH PETENTIOR STRUCTUR€ 

I HYDROGkAPH ROUTIHG DATA 

332 RL RDUTIHG LOSSES 
QLOSS 0.00 IHITlAL LOSS 
CLOSS 0.00 ADDITI0HAL FRACTION LOST 

404 RS STORAGE ROUTIHG 
HSTPS 1 HUHBER OF SUBREACHLS 

ITYP ELEY TYPE OF IHZTIAL C ~ ~ D I T I O ~  
RSYRIC 1179.00 IHITIAL COHDITI0H 

X 0.00 YORKIHG R AID D COEFFICIEHT 

405 SY STORAGf 200.0 400.0 1000.0 1750.0 3000.0 4500.0 

406 SE 1183.00 ll05.00 1187,OO ll69,OO l l9f,OO 

DISCHARGE 

tat 111 $81 $81 11: 
HYDROGRAPH AT STlTIOH 5 

IEAK FLBY TIBE HAXIWUW AYERAGE FLOY 
6-HR 24-HR 72-HR 99.50-HR 

IHRI Ycz:, 28,00 
(CFSI 

698, 653. 431. 324. 
7@7 Z~JJ~IIICHESI 0.227 0.849 1.680 1.746 

IAC-FTI 346. 1295, 2563. 2663. 

I' PEAK STORAGE TIWE HAXIHUH AVERAGE STORAGE 
6-HR 24-HR 72-HR 99.50-Hfi 



ttttttttttttttttttttttttttttt Page 86 

PEAK S7AGE T I l E  l A X i H U H  AYEfiAGE STAGE 
6-Hfi 24-HR 72-HR 99. SO-HE 

f (FEETI  (HRJ 
1187.38 28.00 1187.35 1186.89 1184.76 1183,41 o L ~  

~ - CUMULATZYE AREA = ?8,60 S d  M I  
I - 

. ~ 

ttt $St ttt ttt ttt ttt St# ttt Stt $12 ttt ttf ttt ttt ttt ttt ttt ttt ttt ttt ttt ttt ttt ttt ttt ttt ttt ttt ttt ttt ttt ttt tlt 

tttttttttttttt 
t t 4 / 

408 KK t 1 R O U T i  HYDfiOGfiAPH 30 THROUGH REACH 19 

I HYDROGRAPH ROUTIBG DATA 

ROUTIWG lOSSES 
QiOSS 0.00 l W l l l A L  LOSS a CLOSS 0.00 ADDlTlOWAL fRACTlOW LOST 

410 RS STORAGE ROUTlWG 
WSTPS 12 WUlfGtk O f  SUBREACHLS 

I T Y P  f l O Y  TYPE OF I N I T I A L  COHDITlOH 
RSVRIC -1.00 I W I T l A l  COWDITlON 

X 0.00 UORKIWG R A W ~  D C O E ~ ~ I C ~ E U T  
41pJ 

411 RC HORHAL DEPTH C H A l  HEL ROUTJNG \3 ,  
AN1 0.040 Y E f T  OYERBAWI; W-VALUE .5 

AWCH 0.030 +SIN CHAINEL I -YRLUE 4 AWR - Y l l U E  f \ 

R l I I T H  / 
SEL 

E ~ H A X  0.0 HAX. ELEV. FOR STORAGEIOUTFLOU C A [ C U ~ ~ T I D ~  

CROSS-SECTION DATA 
--- l E f T  DYERBANK --- t ------ MAIN CHAWWEl ------- + --- RIGHT OYERGAHK --- 

413 RY LLEYATIOH 1149,50 1149.50 1146.00 1146.00 1143.00 1143.00 1146.00 1147.00 
412 RX RISTAUCf  0.00 10.00 24.00 64.00 73.00 205.00 '220.00 270.00 

ttt 

COMPUTED STORAGE-OUTFLOY-fLEVATIOU DATA 
STORAGE 0.00 45,28 91.49 138.63 186.69 235.69 285.61 336.47 388.25 444.14 
UUTf l O l  0.00 67,90 216.45 427.17 692.77 1008.94 1372.76 1782.10 2235.35 2346.87 

E L E V A T I O I  1143,OO 1143.34 1143,68 1144.03 1144.37 1144.71 1145.05 1145.39 1145.74 1146.08 
STORAGE 515.37 592.77 676.16 761.41 847.13 933.31 1019.95 1107.06 1194.64 1262.68 
OUTf lOY 2938,74 3606.89 4354.90 5188.90 6088.56 7051.61 8076.16 9160.64 10303.70 11 505,13 

,&\ELEYBfOH 1146.42 1146.76 1147.11 1147.4s 1147.79 1148.13 1148.41 1148.82 1149.16 1149.50 

[ . \ ' I  
gtt URU It-tlt U O D l f l E D  P U l S  ROUTll iG I A Y  BE l i U M E R l C A l l Y  UNSTABLE FOR OUTf lOYS BETYEEU 216, TO 11504. 

- THE ROUTED HYDROGRAPH SHDUlD B E  E X A l l H E D  TOR O S C I l L l T I O H S  OR OUTf lOYS GREATER THAH PEAK IWFLOWS. 



453 1s - SCS LOSS RATE - STRTL 0,30 IHlTIAL ABSTiACTlON 
CRYWBR 87.00 CURVE XUIBER 
R ~ I ~ P  0.00 PE RCENT IIPERVIOUS AREA 

I 454 UD SCS DIMIHSIOBLESS UiITGRAPH 

ttt 

UNIT HYDROGRAPH 
49 END-OF-PERIOD ORDINATES 

293. 97.3. 1850, 3020. 4578, 6414, 7352, 9004. 9568, 9657. 
9533. 8952, 8268, 7481, 6500, 5348. 4396. 3726. 3151. 2677. 
2.323. 1974. 1683. 1402. 1208, 1011, 873. 732. 625. 523. 

450.  380. 326. 275. 236. 199. 170. 142. 123. 104. 

HYDROGRAPH AT STATIOW SUB35 

TOTAL RAIIFALI = 3.93, TOTAL LOSS = 1.36, TOTAL EXCfSS = 2.57 

IAXIWUM AVERAGE FLOY 
6-HR 24-WR 72-Hk 99.50-HR 

ICFS) 
+ 18727, 17.00 15676, 6837. 2297, 1662. 

2.7139 )q,  ,,J (IWCHESI 1.462 2.553 2,573 2.573 
fAC-fT) 7872. 1 3 5 y  13665. 13665. 

CUMULATIYE AREA = 99.6.0 $4 I11 

ttt ttt ttS ttt ttt ttt ttt ttt ttt ttt ttt ftt  ttt Stt ttt $St ttt ttt ttt ttt ttt ttt ttt ttt ttt ttS ttt Stt ttt #t ttt ttt ttt 

455 11 t  6 t  ROUTE !OLD CAMP DETEUTIOU BASIHI 
t  t  
ttttlttftttttt 

1 

RUUTL HYDROGRAPH 35 THROUGH 0LD.CAIP DETfWTlOk lUPSTRfl Of C,A*P* )  
/ 

HYDROGRAPH ROUTIHG DATA 

432 RL ROUTING LOSSES 
QLOSS 0.00 IWlTlAL LOSS 
CLOSS 0.00 ADDITIOUAL fRACTIOI LOST 



j f 
! I  

STORAGE ROUTIHG 
I / 

4 5 7  RS I I 

USTPS I nun~lf i  OF SUGREACHES 
ITYP ELEV TYPE OF INITIAL C O W D ~ T ~ O ~  

RSYRIC 0.00 I U I T I A L  COWDlTIOW 
I ! '  

X 0.00 HORKlHG R AND D C O E f f l C l L W T  i j 
3 4  . I 
j - 
I 1  I 

1 I '  - 
, 

I 
I 

i ' 2 

I 

-.Ad 

HYDROGRAPH AT STATION 
I 

PEAK FLOW T I n E  

I 

- -7 
. L l  
:. i '  ' 

72-HR 99.50-HR ( I  . 
I ,  I 
! I  I 

i ,  
I I 
I 

i .  
WAXIIUH AVERAGE STAGE I 

72-HR 99,50-Hfi / j 
! 1 !; 

$4: 63.' I '  

ttt  St& t t t  St$ $11 1:t ttt ttt ttt  $Sf $tt ttt ttt ttt t i t  ttt ttt ttt t i t  ttt ttS ttt ttt ttt ttt Stt ttt ttt ttt ttt ttt ttt 
'i t, 

t:t:::tt~ttttt 
< t  t 

1 9  t ROUTE HYDPOGRAPH 35 THROUGH REACH 17 6 1  KK - t 
t t 

i tttttttttttttt - 
HYDROGRAPH ROUTIHG DATA 

461 R l  ROUTIHG lOSSES 
PLDSS ' 0,00 I N I T I A L  LOSS 

0.00 ADDITIOHAL fRACTlOH LOST CLOSS 
I 
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FINAL 

Environmental Impact 
Statement  

Harquahala val ley Watershed 
M a r i c o p a  a n d  Y u m a  C o u n t i e s  , A r i z o n a  M a r c h ,  1977 

U . S . D e p a r t m e n t  o f  A g r i c u l t u r e  

So i l  Conse rva t i on  S e r v i c e  
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HARs 

Supplemental Watershed Work Plan NO- 1 

Harqua hala Valley Watershed 

Maricopa & Yuma Counties , A rizona 

I '  

M a r c h  ,1976 

Prepared under the authority of the Watershed Protection & Flood 

Prevention Act ( Public l a w  566,  83 rd. Congress, 6 8  Stat. 6 6 6  ) 

as amended.  





GIIA RIVER BASIN 

9-5175. Centermial Wash near Arlington, Arlz. 

Location.--Ut 33'l6'K" (revised), long 112e47'50", i n  aec.7, T.2 S., R.5 W., on upstream side of ford on former U.S. Higlnny 80, 
3.0 miles upstream frm GFUcspie I&n and 4.4 miles southwest of Arlington. 

Drainage area.--1,810 sq m i ,  appmdmately. 

Records aw1lable.--Jan- 1961 t o  September 1968. 

-.--Water-stage recorder. Qtum of gags i s  m.22 it abovs mean sea level, datum of 1929. - 
Average hischarge.--7 yeq-8,  2.23 cis  (1,610 acre-it per year). 

extremes.--Ma%lmum discharge during ar, 5,330 cis  k c .  19 gage height, 4.U it ; no flow for most of year. 
1961-68: dische.rge, lC5W cfs J d y  23, 1961 [gage height, 4.70 it{, frm rat- curve extended lam 5.5W cfa by 

l o g a r i t h i c  plotting; no flov fo r  moat of time each year. 

I ) ISCHARGE,  Ik ClJHIC F E E T  PER StCOND.  WATER YEAR UCTORER 1967 T l l  SEPTEMBER 196R 

0 4.4 

0 0 

0 0 
0 0 

0 1.010 0 0 

0 ,  0 
0 ------ 0 ------ 

0 1.700 0 4.90 
I1 54.8 
O 1.010 

0 3.370 

C A L  YR 1967 TOTAL 21167.70 MEAN 5.94 MAX 1.010 M I N  0 PC-FT 4.300 
UTR YR 1968 TOTAL 1.709.70 MEAN 4.67 MAX 1,010 M I N  0 AC-FT 3.390 

Peak discharge (baae, 1.000 cfs1.--kc. 19 (2400) 5,330 cfs (4.11 i t ) .  
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CUIULATIYE AfiEA = 1109.i0 SO I 1  

1 1 .  
336 KK 1 14 1 ROUTE HYDROGRAPH 1-26 TXROUIH f i . X  14 

1 1 
t t t t t~ l$~S t t%t  

HYDRBGRAPH ROUllRQ PATA 

3 3 i  f i l  fi0UTIUG LOSSES 
BLOSS 0,150 IHITIAL LOSS 
CLOSS 0.00 ADDITIONAL fRACTION LOST 

STORAGE RUUTIHG 
HSTPS . I 4  HUXGEfi OF SUBREACHES 

ITY P fLOY TYPE OF IH lT lAL COKDITIUN 
RSYRIC -1.00 INITIAL CO~~ITIOU 

X 0.00 IlORKIlG R AHD D COEFflCilKT 

HORIAL PfPTH CHAHHEL ROUTIHG 339 RC 
AH L 0,ObSjLEfT OYLRGABK H-YALUE 

AUCH 0.045 +!!All; CHAKHEL H-VALUE 
AH! 0.065+RIiiHT OYERBAHK H-VALUE 

RLHTH 46354. REACH LfHGTH 
SEL 0,0027 fnfuiir SLOPE 

ELWAX' 0.0 IAX. ELEY, FOR STORAGElOUTflOW CALCULATIOH 

CROSS-SLCTIOH DATA 
--- LffT OYERBAHK --- + ------ MAZH CHAHlfL ------- + --- RIGHT OYERBAHK --- 

341 fir ELEYATIOX 1100.00 1096.00 1092.00 1090.00 1088.00 1090.00 1092.09 1098.00 
340 RX DISTAHCE 0.00 2900.00 5300.00 5440,OO 5630.00 5720.00 5730.00 8140.00 

111 

COWPUTED STORAGE-OUTfLOH-ELEVdTIOH DATA 
STORA6f 0.00 29.71 118.85 267.42 465.83 496.47 958.94 1340.65 2125.70 3335.93 

OUTFLOY 0.00 22.28 141.44 417.03 932.09 1612.43 2610.83 3958.31 5971.77 8887.00 
€lENTIUH 1088.00 1088.63 1089.26 1089.89 1090.53 1091.16 1091.79 1092.42 1093.05 1093.68 

STOUACf 4911.35 7031.95 9517.74 12431.66 15812.03 19670.65 24005.14 28706.59 33715.77 39032.71 

OlTFlOW 12947.70 18367.96 25143.48 33994.13 44481.53 57141 .51 72368.65 91  153,86 112509.87 136501.47 
1094.95 109S.SB 1096.21 1094.84 1097.47 1098.11 1098.74 1099.37 1100.00 

PULS UOIlHG RAY Ef I U I f R I C I ~ I I I I F  fOR OUTflOYS 4 t T Y f O  1662. TO 136501. 
HIDlO6UdPH SHOULD %I EXAIlXfO FOR OSCILLATIOHS OR OOTFlOWS EREATE1 TlAN PEAK INFLOWS. 

THIS CAM IIE CORRECT~D rr orc~~rsz~~ rrr rznr rrrruvr~ OR I ~ ~ R E ~ S I ~ G  STORPE  USE l o n 6 f l  r r w ~ . ~  
% 
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+ (FIETI (HI.: i~p 31.50 1097.0P 

CUIUiATIVE AR E A  = 1 

AAXIHUC AVf RAGE f 1 OY 
24-HR 72-HR 99.50-HR 

36666. 18325. 13516. 
1.229 1.842 1.878 
72726. 109042. 111143. 

1 j 3 9 ~  
AAXIiUH AVERAGE STORAGE 

24-#R 72-HR 99.50-1R 

HAXIHUE AYELAGE STAGE 
24-HR 72-HR 9?,50-Hfi 
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SUEBASIN RUNOFF DAT A  

344 6R SURBASIU CHARACTERISTICS 
TAREA 62.10 SUBBASIN AR E A  

PRFCIPITATIOW DATA 

320 PB STORH 4.12 BASln TOTAL PRECIPITATION 

321 PI INCREHENTAL PRECIPITATIOI PATTER1 
0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.01 0.01 

0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.02 
0.02 0.02 0.01 0.02 0.03 0.05 0.38 0.07 0,04 0.03 

0.01 0.01 0.01 0,Ol 0.01 0.01 0.01 0.01 0.0f 0.01 
0.01 0.01 0.01 0.01 0.01 0,01 0.01 0. 01 I 

I ' 345 LS SCS LOSS RATE 
STRTL 0.60 I U ~ T I A L  ABSTRACTION 
CRVnBR 77.00 CURVE WUHBE R  
RTIHP 0.00 PERCElT IHPERVIOUS AREA 

346 UD SCS DIHENSI0NlESS UNITGRAPH 
TLA6 4.35 LAG 
4 3-12 



• UWIT HYDROGRAPH 
45 €10-OF-PERIOD DRDlHATES 

235. 724. 1443, 2365, 3604. 4849. 5785. 6338. 6508. 6466. 
6083, 5587, 5003, 4265. 3454, 2822. 2357, 1968. 1671, 1412. 
1189. 976. 828. 689. 583, 484, 406. 337. 284. 239. 
200, 169, 140, 118. 97. 83, 70. 62. 53. 45. 
36. 28. 21. 14. 7. 

TOTAL RAllFALl = 4,12, TOTAL LOSS = 2.21, TOTAL EXCESS = 1.91 

EUHULA71YE AREA : @ b1 
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ROUTE HYDROGRAPH THROUGH DETEWTION STRUCTURE 

HYDROGRAPH ROUTIWG DATA 

337 RL ROUTING LOSSES 
QLOSS 0.00 IWlTIAL LOSS 
CLOSS 0,00 ADDITIONAL fRACTIOH LOST 

349 RS STORAGE ROUTIWG 
WSTPS . \-I YUHBEfi Of SUERCACHES 
ITYP [LEV TYPE OF I ~ ~ T I R L  C O ~ D I T I O ~  

RSYRIC 1252.50 INITIAL cuNDrrjOn 
X 0.00 YORKIWG R AWD D COEfflClEWT 

STORAGE 5.0 50.0 155.0 310.0 525.0 770.0 1110.0 1485.0 1905.0 @ 1 I I 
351 SE ELfYATlON 1252.50 i253.00 1253.50 1254.00 1254.50 1255.00 1255.50 1256.00 1256.50 @ I ! Q 
352 SO DISCHARGE 0. 20. 50. 90. 140. 200. 260. 325. 400. 175, 1 i 
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(C fS I  

952. 19.00 946, 88:. 695. 

4@ llWCHESJ 0.142 0.532 1.250 
( A t - f T l  46?. 1761. 4138. 

'EAK STORAGE TlHE WAKIHUH AVERALE STORAGE 
6-HR 24-HR 72-HR 

(At -FTI  (HR) 
5220. 29.00 5 1  61. 4832. 3678. 
! 

HAYIHUH AVERAGE STAG€ 
6-11! 24-HR 72-HR 

iiio.18 29.00 1160.14 1259.75 1258.47 

/ 
/ CUHULATIVE AREA : 62.10 sQ H1 

3 4% 
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355 HC HYDROGRAPH COHBIUATlOU . 
ICDHP 2 UUHBlR Of HYDRlGRAPHS 70 COHBIWE 

ttt ttt t i t $ti ttt 
HYDRO GRAPH AT STATlOR 20  
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t ( C f S I  (HRI 
l C F S l  

t 15639. 23.00 14636. 9426. 3274. 2369. ,, )y3. lglco (INCHES) 0.844 2.175 2,266 2.266 
(AC-f T I  7257. 18697. 19479. 19479. 
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HYOROGRAPH fiUUTING DATA q ' Y  
ROUTING LOSSES 

QlUSS 0.00 I W I T I A L  LOSS 
CLOSS 0.00 ADDITIOWAL FRACTION LOST 

STORAGE ROUTI lG 
WSTPS 1 W U ~ B C R  OF SUBRIACHIS 

I T Y P  €LEV TYPE Of I W l l l A L  CORDITIOH 
RSVRIC 1390.00 I W l T I A L  COWDITIOH 

X 0.00 HORKIWG R ARD D C O I F f l C I E W T  

J 258 SV STORAGE 0.0 0.0 0.0. 1716.0 6216.0 6973.0 7765.0 9460.0 11302.0 15428.0 

259 SE 
rd 

1401.00 1405.00 1405.50 1407.00 rtos.00 1410.00 

,260 SQ DISCHARGE 0. 591. 903. 1 2  1 637. + 407. " 0 6  146% 
i-t-- rym I '  

ttt 
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t t t  
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MEMORANDUM 
- 

DEPARTMENT OF WATER RESOURCES 
OFFICE OF THE DIRECTOR 

TO: All Employees 

FROM : Lin Stevens &,- 

DATE : January 18, 1989 

SUBJECT : Monthly Inter-divisional Talk 

This is a reminder to staff that at 12 noon on next Wednesday, 
January 25th, there will be a nBrown Bagw luncheon. 

Tom Carr and Carol Russel of The Department Of Environmental 
Quality will discuss nControllinq Nitrogen Pollution8'. 
Their presentation will be in the ~asement Training Room, Room 
B014. 

All staff are encouraged to attend. 



HARQUAHALA VALLEY WATERSmD 
Maricopa and Yuma Counties, 

Arizona 

F ina l  
Environmental Impact Statement 

Responsible Federal  O f f i c i a l  
Thomas G. Rockenbaugh, S t a t e  Conservat ionis t  

UNITED STATES DEPARTMENT OF AGRICULTURF: 
S o i l  Conservation Service 

3008 Federal  Building 
230 N. F i r s t  Avenue 

Phoenix, Arizona 85025 

Sponsoring Local Organizations 
Flood Control D i s t r i c t  of Maricopa County 
3335 W. m a n g o ,  Phoenix, Arizona 85009 

Buckeye-Roosevelt Natural  Resource Conservation D i s t r i c t  
Rt. 2, Box 199, Buckeye, Arizona 85326 

Wickenburg Natural  Resource Conservation D i s t r i c t  
Box 146, Salome, Arizona 85348 

March 1977 

Prepared By Assis ted By 
UNITED STATES DEPARTMENT OF AGRICULTURE STATE OF ARIZONA 

S o i l  Conservation Service  Arizona Water Commission 
3008 Federal  Building 222 N. Central ,  ~ t e .  800 

230 N. F i r s t  Avenue Phoenix, Arizona 85004 
Phoenix, Aria ona 85025 



V I I .  L i s t  of E n t i t i e s  from k!hich Wr i t t en  Comments Have Been 
Received 

Fede ra l  Government 

Department of A g r i c u l t u r e ,  Of f i ce  of Equal  Opportuni ty  
Department of t h e  Army 
Department of Heal th ,  Education,  and Welfare  
Department of  t he  I n t e r i o r  
Department of  T r a n s p o r t a t i o n  
Environmental  P r o t e c t i o n  Agency 

S t a t e  and  Local  Agencies 

Governor of Arizona 
Arizona Department of T r a n s p o r t a t i o n  
Arizona Game and  F i sh  Department 
Arizona S t a t e  Land Department 
Arizona S t a t e  Museum 
Mineral  Resources Department 
Arizona Water Commission 
Maricopa County Board of Supe rv i so r s  ( i n c l u d e s  comments 

from Maricopa County Parks and Rec rea t i on  Department) 
Maricopa County Highway Department 

Other Groups 

Buckeye-Ruosevelt Na tura l  aesource  Conserva t ion  D i s t r i c t  
E l  Paso Natura l  Gas Company 
S i e r r a  Club 

I n d i v i d u a l s  

E. B i l l i e  Bennet t  
Bar to  B. P r i c e  

V I I I .  Dra f t  Sta tement  t r a n s m i t t e d  t o  CEQ a n  ~ p r i l  9, 1976 
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SECTION I11 

PROJECT I D E N T I F I C A T I O N  AND ENVIRONMENTAL S E T T I N G  



111. PROJECT IDENTIFICATION AND ENVIRONMEXTAL SETTING 

USDA SOIL CONSERVATION SERVICE 
FINAL  IRONM MENTAL IMPAC T STATEPENT+ 

f o r  

A. Harquahala Valley Watershed, Arizona 

I n s t a l l a t i o n  of t h i s  p r o j e c t  c o n s t i t u t e s  an admin i s t r a t ive  
ac t ion .  Federa l  a s s i s t a n c e  w i l l  be provided under a u t h o r i t y  of 
Public Law 83-566 83rd Congress, 68 Sta .  666, a s  amended. 

B. Sponsoring Local Organizations 

Flood Control D i s t r i c t  of Maricopa County 
Buckeye Roosevelt Natural  Resource Conservation D i s t r i c t  
Wickenburg Natural  Resource Conservation District 
Endorsing Organization: Harquahala Valley Associat ion 

C. P ro jec t  His tory ,  Purpose and Goals 

1 .  In t roduc t ion  1 

This statement  f o r  proposed works of improvement i n  
Harquahala Val ley Watershed i s  submitted i n  compliance with 
Sect ion  1 02 ( 2 )  ( C )  of the  National Environmental Pol icy Act (NEPA) 
of 1969 (Pub. L. 91-190, 83 S t a t .  852 (42 U.S.C. 4321 e t  s e q . ) ,  
t he  Council on Environmental Quality Guidel ines  f o r  Environmental 
Impact Statements,  August 1 , 1973 (38 FR 20550-20562) and 
Secre tary  of Agr icul ture  Memorandum 1695, Supplement 4 ,  a s  r ev i sed  
(Environmental Impact Statements ) . It covers  a planned program 
of conservat ion l and  t reatment  and f l o o d  prevent ion  f o r  the  
Harquahala Val ley Watershed a rea  loca ted  p r imar i ly  i n  western 
Maricopa County, Arizona. (See Pro jec t  Map - Appendix Be ) 

2. His tory  of P ro jec t  2r3 

O n  August 17, 1961, the Sponsoring Local Organizations 
submitted a n  a p p l i c a t i o n  t o  the Sec re ta ry  of Agr icul ture  reques t ing  
a s s i s t a n c e  i n  prepar ing  a p l a n  f o r  works of improvement f o r  the 
Harquahala Val ley  Watershed under the a u t h o r i t y  of the  Watershed 
Pro tec t ion  and Flood Prevention Act (Publ ic  Law 566, 83rd Congress; 
68 S t a t .  666).  The Sec re ta ry  of Agricul ture  accepted t h i s  appl ica-  
t i o n  a s  v a l i d  under the a u t h o r i t i e s  of Public Law 566 and author ized  
the USDA-Soil Conservation Service t o  a s s i s t  the watershed sponsors 
i n  preparing a p l a n  f o r  works of improvement. 

During t h e  per iod  1963-1968, the watershed sponsors and 
the S o i l  Conservation Service conducted d e t a i l e d  s t u d i e s  and 

o A l l  i n f ' o m t i o n  and da ta ,  except a s  otherwise noted, were 
c o l l e c t e d  by the  Arizona Water Commission, SCS, and Fores t  
Service.  

1 



completed a f i n a l  p lan  t i t l e d ,  "watershed Work Plan, Harquahala 
Val ley Watershed, USDA-SCS, January 1967. I' On Apri l  1 , 1969, the 
Congress au thor ized  the Soil Conservation Service t o  prepare 
d e t a i l e d  design p lans  and proceed with cons t ruc t ion  of the recom- 
mended s t r u c t u r a l  m a s u r e s .  The watershed sponsors, because of 
f i n a n c i a l  c o n s t r a i n t s ,  f a i l e d  t o  secure necessary l a n d  r i g h t s  
and t o  date  none of the s t r u c t u r a l  measures recommended i n  the  
1967 p lan  have been constructed.  

Between 1967 and 1973, t h e r e  were severa l  developments 
which have a s i g n i f i c a n t  impact on the Harquahala Valley area.  
The cons t ruc t ion  of I n t e r s t a t e  Highway 10  was completed. The 
highway modified drainage p a t t e r n s  and c r e a t e d  c o n f l i c t s  with 
severa l  of the  s t r u c t u r e s  proposed i n  the 1967 Work Plan. Also 
of major s ign i f i cance  was the a u t h o r i z a t i o n  of the Central  Arizona 
Pro jec t  which w i l l  be constructed through upper Harquahala Valley. 
The Harquahala Valley I r r i g a t i o n  D i s t r i c t  has made a commitment 
to  con t rac t  f o r  water from the p r o j e c t  and has developed prelim- 
i n a r y  plans f o r  an extensive water d i s t r i b u t i o n  system i n  Harqua- 
h a l a  Valley. 

I n  view of these changes i n  watershed condi t ions ,  the  
watershed sponsors recognized t h a t  the 1967 Work Plan should be 
revised.  Early i n  1973, the sponsors requested t h a t  the S o i l  
Conservation Service restudy the Harquahala Valley Watershed and 
prepare a supplement t o  the approved 1967 Work Plan i f  changes 
i n  the works of improvement were f e a s i b l e .  Due t o  r e s t r i c t i o n s  
i n  funding and personnel,  the S o i l  Conservation Service could 
not  complete the necessary i n v e s t i g a t i o n s  wi th in  t h e  des i red  
time without d e t r a c t i n g  from o t h e r  ongoing p ro jec t s .  Therefore, 
the res tudy of the p r o j e c t  w a s  conducted by the Arizona Water 
Commission with the a s s i s t a n c e  of SCS. Several  important changes 
i n  the o r i g i n a l  works of improvement a r e  recommended. This 
Statement i s  f o r  the proposed works of improvement a s  presented  
i n  Supplement No. 1 Watershed Work Plan Harquahala Valley Water- 
shed March 1977. 

3. Pro jec t  Purnose and Goals 

The sponsors of the Harquahala Valley Watershed p r o j e c t  
have a s  t h e i r  ob jec t ives  a watershed p r o t e c t i o n  and conservat ion 
l and  treatment program t o  prevent  and reduce floodwater,  sediment, 
and eros ion  damages t o  product ive a g r i c u l t u r a l  lands ,  e x i s t i n g  
i r r i g a t i o n  f a c i l i t i e s ,  I n t e r s t a t e  Highway 10, county and farm roads,  
commercial es tabl ishments ,  res idences  and publ ic  f a c i l i t i e s .  It 
i s  a l s o  des i red  t h a t  p r o j e c t  measures provide maximum p r o t e c t i o n  
and b e n e f i t  f o r  the proposed Grani te  Reef Aqueduct of the Central  
Arizona Projec t  and the  proposed system of canals ,  l a t e r a l s ,  and 
o the r  improvements t h a t  w i l l  be i n s t a l l e d  i n  Harquahala Val ley 
t o  d i s t r i b u t e  Central  Arizona Pro jec t  water  i n  the  va l ley .  
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The sponsors propose t o  provide a  l e v e l  of p r o t e c t i o n  
cons i s tkn t  wi th  cu r ren t  and expected a g r i c u l t u r a l  use and the 
h ighes t  l e v e l  of economic re turn .  

The sponsors1 goals  f o r  i n s t a l l i n g  l and  t reatment  
measures inc luhe  the reduct ion  of e ros ion  r a t e s  on cropland 
and o the r  l ands ,  increased  i n f i l t r a t i o n  r a t e s  and water  holding 
c a p a c i t i e s  of the s o i l s ,  and improved a g r i c u l t u r a l  water manage- 
men t . 

Due t o  the need f o r  supplemental water i n  the watershed, 
the sponsors d e s i r e  t h a t  a l l  proposed dams be designed, wherever 
poss ib le ,  t o  r e t a i n  f loodwater  runoff f o r  c o n t r o l l e d  r e l e a s e  i n t o  
i r r i g a t i o n  cana l s  and a s  a d d i t i o n a l  water  sources f o r  w i l d l i f e .  

The planned p r o j e c t  w i l l  meet a l l  of the  sponsors objec- 
t i v e s  with t h e  poss ib le  except ion of retainment of f loodwater  
runoff.  A t  p resen t ,  the  program inc ludes  l i m i t e d  p rov i s ions  f o r  
floodwater s to rage ,  however, downstream water  r i g h t s  nay preclude 
t h i s  p o s s i b i l i t y .  Possible  program r e s t r i c t i o n s  due t o  water 
r i g h t s  a r e  d iscussed  i n  Sect ion V. 

D. Planned Pro jec t  

1 .  General 

To meet the sponsors1 ob jec t ives  i n  the watershed, the 
planned p r o j e c t  measures w i l l  employ a  combination of conservat ion 
l and  treatment and s t r u c t u r a l  measures. 

2. Land Treatment Measures 294 

Land treatment measures t o  be i n s t a l l e d  a r e  an i n t e g r a l  
p a r t  of the o v e r a l l  watershed p r o t e c t i o n  and f lood  prevent ion  
objec t ive .  The measures reduce eros ion  and sediment, inc rease  
i n f i l t r a t i o n  and water  holding capaci ty  of the s o i l ,  and cont r ibute  
t o  b e t t e r  a g r i c u l t u r e  water  management. Measures a r e  t o  be 
i n s t a l l e d  on p r i v a t e  l ands  and l and  l e a s e d  from the S t a t e  of 
Arizona. 

Land t reatment  i s  i n s t a l l e d ,  operated,  and maintained 
v o l u n t a r i l y  by ind iv idua l s  o r  groups of farmers  and ranchers .  
There a r e  no s p e c i f i c  s t a t e  o r  l o c a l  r egu la t ions  t h a t  w i l l  insure  
i t s  implementation. The treatment r e s u l t s  from techn ica l  a s s i s -  
tance provided by the S o i l  Conservation Service t o  the  p r i v a t e  
landusers  who e n t e r  i n t o  cooperative agreements wi th  the Buckeye- 
Roosevelt o r  Wickenburg Natural  Resource Conservation D i s t r i c t s  
t o  use the l a n d  wi th in  i t s  c a p a b i l i t i e s  and t r e a t  i t  according 
t o  i t s  needs f o r  p r o t e c t i o n  and sus ta ined  production. 

Land t reatment  measures t o  be i n s t a l l e d  on the i r r i g a t e d  



cropland include conservat ion cropping systems and crop res idue  
use,  i r r i g a t i o n  d i t c h  and canal  l i n i n g ,  i r r i g a t i o n  f i e l d  d i t c h e s ,  
irrigation land leveling, i r r i g a t i o n  p i p e l i n e s ,  i r r i g a t i o n  t a i l -  
water recovery systems, i r r i g a t i o n  water  management, pumping 

mately 13,000 a c r e s  (67%) of t h e  cropland w i l l  be adequately 
p l a n t s  f o r  water c o n t r o l  and s t r u c t u r e s  f o r  water cont ro l .  Approxi- 

t r e a t e d  a t  the end of  the i n s t a l l a t i o n  period. The i n s t a l l a t i o n  
c o s t  of the l and  t reatment  program i s  est imated a t  $1,936,000. 

On publ ic  lands  the  Bureau of Land Management w i l l  
continue i t s  e x i s t i n g  mu1 t i p l e  use conservat ion program, inc lud-  
i n g  Proper Grazing Use. This program i s  p r imar i ly  the c o n t r o l  
of graz ing  by a d j u s t i n g  the  number of l ives tock  and time of use 
t o  maintain vege ta t ive  cover on the  l and  and p r o t e c t  the mul t ip le  
use values of the resources.  The program i s  app l i ed  t o  163,887 -: 
a c r e s  of publ ic  rangeland- in  the watershed. 

L 

3. S t r u c t u r a l  Measures f o r  Flood Prevention 

a. General 

The s t r u c t u r a l  measures t o  be i n s t a l l e d  i n  the  
watershed under the a u t h o r i t i e s  of  Public Law 566 c o n s i s t  of 
two floodwater r e  t a rd ing  s t r u c t u r e s  (Harquahala 'F.R. S. and 
Saddleback- F.R.S. ), one floodway.:.(Harquahala Floodway), one 
f loodwater  d ivers ion  (Saddleback Dtversion)  , and one levee  t o  
l i m i t  the  f loodp la in  a r e a  of Centennial Wash (Centennial  Levee). 
The l o c a t i o n s  of these measures a r e  a s  shown on the Projec t  Map 
i n  Appendix B. 

I n  a d d i t i o n  t o  the above mentioned s t r u c t u r e s ,  the  
U.S. Bureau of Reclamation i s  cons t ruc t ing  a floodwater r e t a r d i n g  
s t r u c t u r e  immediately ups tream of the proposed Granite Reef 
Aqueduct extending from the  Buckeye-Salome Road westward t o  
Centennial Wash. The s t r u c t u r e  w i l l  be approximately 6 mi les  
long  of which 4% miles  w i l l  be w i t h i n  the boundaries of the 
Harquahala Valley Watershed. This s t r u c t u r e  i s  no t  a p a r t  of 
the planned p r o j e c t  under the a u t h o r i t i e s  of Public Law 566, 
and the re fo re ,  i s  not  considered a s  a "pro jec t  s t r u c t u r a l  
measure1' f o r  the purposes of the Environmental Impact Statement. 
Fur the r  d e t a i l s  concerning the proposed Bureau of Reclamation 
s t r u c t u r e  a r e  presented i n  the s e c t i o n  of t h i s  statement t i t l e d ,  
" ~ r o j e c t s  of Other Agencies. " 

1 q&,q 6)r: 

The combined Harquahala F.R.S., ~ a r q u a h a l a  Floodway, 
Saddleback F.R.S., and Saddleback Diversion ill c o n t r o l  140.6a 
square mi les  o r  39.8- percent  of  the  watersh f d area .  These s t r u c -  
t u r e s  a r e  designed t o  func t ion  a s  a systGFiTn opera t iona l  s e r i e s  
r a t h e r  than a s  ind iv idua l  u n i t s .  Each upstream s t r u c t u r e  i s  
dependent upon the lower s t r u c t u r e s  f o r  proper opera t ion  and 
drainage. Harquahala F.R.S. w i l l  d r a i n  through Harquahala 
Floodway, Saddleback F.R.S., and Saddleback Diversion, 



Located on the western s i d e  of Harquahala Valley,  
~ e n t e r k i a l  Levee w i l l  c o n t r o l  21 square miles of the  r e s i d u a l  
drainage a r e a  below Harquahala F.R.S. and the Bureau of 
Reclamation s t r u c t u r e .  The levee  w i l l  a l s o  l i m i t  the  a r e a  
i n  Harquahala Valley t h a t  w i l l  be s u b j e c t  t o  inundat ion  from 
Centennial  Wash. 

The c u r r e n t  design c r i t e r i a  and pol icy  f o r  dams 
requ i re  t h a t  both Saddleback F.R.S. and Harquahala F.R.S. be 
designed t o  c o n t r o l  the 100-year f l o o d  event. Saddleback Diver- 
s i o n  w i l l  provide a 50-year l e v e l  of p r o t e c t i o n  and Centennial  
Levee a 100-year l e v e l  of pro tec t ion .  The design frequency of 
these  two s t r u c t u r e s  was determined based on opt imiza t ion  of  
benef i t s .  

Specia l  cons idera t ion  has been g iven  i n  the  l o c a t i o n  
and des ign  of a l l  of the proposed s t r u c t u r e s  t o  minimize wild- 
l i f e  l o s s e s  and maintain a e s t h e t i c  values,  

The planned s t r u c t u r a l  program presented  i n  t h i s  
s ta tement  i s  considered the b e s t  means t o  meet the ob jec t ives  
of the sponsors. It i s  recognized t h a t  some changes i n  the  
program could be n e c e s s i t a t e d  fol lowing d e t a i l e d  design i n v e s t i -  
ga t ions  and as improved da ta  from cont inuing  environmental 
s t u d i e s  and evalua t ions  becomes a v a i l a b l e .  

b. Floodwater Retarding S t r u c t u r e s  

(1 ) Saddleback F.R.S. 

P la te  1 shows the l o c a t i o n  and s t r u c t u r a l  
d e t a i l s  of Saddleback F.R.S. and Table I i s  a summary of data  
of the s t r u c t u r e .  See Figures Pl , P2, and P 3  f o r  photographs 
of the alignment. 

Design f loodrou t ine  computations, and conse- 
quent ly  the s i z i n g  of the  s t r u c t u r e ,  were based on the assumption 
t h a t  the upstream Harquahala F.R.S. would be r e l e a s i n g  i t s  
maximum discharge of 485 cubic f e e t  per  second a s  a base flow 
through Saddleback F.R.S. a t  the same time t h a t  the peak 
discharge from the ,29.6 .sq. m i .  uncont ro l led  drainage a r e a  above 
Saddleback F.R.S. would occur. This design assumption would 
be a n  extreme condi t ion  and i s  equiva lent  t o  a simultaneous 
occurrence of storms over the Harquahala F.R.S. and Saddleback 
F.R.S. drainage areas .  Although n o t  eva lua ted ,  the  probabi l -  
i t i e s  of  simultaneous peak discharges i s  considered extremely 
remote. 

- . .  

The Bureau of Reclamation -:is c u r r e n t l y  conduct- 
i n g  s t u d i e s  i n  the  Tonopah Watershed a r e a  immediately ad jacen t  
and e a s t  of Harquahala Valley. One t e n t a t i v e  proposal  i s  f o r  
the  c o n s t r u c t i o n  of a d i k e ~ a b o v e  the Grani te  Reef Aqueduct. I f  



cons t ruc ted ,  t h i s  proposed dike could extend i n t o  Harquahala 
Valley Watershed and i n t e r c e p t  approximately 6.26 sq. m i .  of 
drainage area presently c o n t r i b u t i n g  t o  Saddleback F.R.S. Since 
the poss ib le  construction of t h i s  dike i s  uncer ta in ,  t h e  current  
hydrologic design and s i z i n g  of Saddleback F.R.S. was made with 
the assumption t h a t  the drainage a rea  above the s t r u c t u r e  w i l l  
no t  be modified. I f  cons t ruc t ion  becomes d e f i n i t e ,  then any 
change i n  drainage a r e a  w i l l  be accounted f o r  i n  the f i n a l  design 
of Saddleback F.R.S. 

Floodwater runoff w i l l  be temporarily impounded 
behind the dam and re leased  i n t o  Saddleback Diversion through a  
10  f o o t  by 4 f o o t  r e in fo rced  concrete  box cu lve r t  p r i n c i p a l  s p i l l -  
way. The spi l lway w i l l  be ungated, with a  s t r a i g h t  drop i n l e t .  
A s t e e l  t r a sh  rack on the i n l e t  w i l l  prevent debr is  clogging of 
the box cu lve r t .  

This s t r u c t u r e  w i l l  no t  employ the normal 
excavated e a r t h  o r  concrete  open chute type of emergency s p i l l -  
way system t h a t  i s  usua l ly  a s s o c i a t e d  with an e a r t h  dam. The 
p r i n c i p a l  sp i l lway w i l l  t he re fo re  a l s o  serve a s  the emergency 
sp i l lway f o r  the s t r u c t u r e .  Saddleback F.R.S. was l o c a t e d  t o  
allow adequate floodwater impoundments without inundating I n t e r -  
s t a t e  Highway 10. For t h a t  reach of I n t e r s t a t e  10  which could 
poss ib ly  be inf luenced by backwater from the dam, the  low po in t  
i n  the eastbound roadbed i s  a t  e l e v a t i o n  1195.5. This e l eva t ion  
compares with an  e l e v a t i o n  of 1178.0 f o r  the  c r e s t  of the  p r i n c i p a l  
sp i l lway of Saddleback F.R.S., an e l e v a t i o n  of 1190.5 f o r  the 
maximum water sur face  a t t a i n e d  during passage of the 100-year 10-da 
storm, and a  top of dam e l e v a t i o n  of 1194.2. The top of the dam 
i s  1 .3  f e e t  lower than the low p o i n t  of the I n t e r s t a t e  10  roadbeds. 

a 
The f i n a l  design of the s t r u c t u r e  w i l l  be f u l l y  coordinated with 
the Arizona Department of Transportation. 

The Saddleback F.R.S. embankment w i l l  be l o c a t e d  
e s s e n t i a l l y  along a  contour, however, a t  two l o c a t i o n s ,  the 
embankment w i l l  be l o c a t e d  downslope from the  contour and c r e a t e  
bas ins  which w i l l  r e t a i n  floodwater.  These basins a r e  shown a s  
Basin Nos. 1 and 2  on P la te  1.  Both bas ins  have been loca ted  a t  
p o i n t s  where the dike embankment i n t e r s e c t s  a  major drainageway 
and where concentrated sediment depos i t ion  i s  an t i c ipa ted .  The 
bas ins  a re  s i z e d  so t h a t  the pool volume of s torage above n a t u r a l  
ground i s  equal t o  the  a n t i c i p a t e d  sediment accumulation f o r  a  
50-year period. Basin No. ? / w i l l  have an  above n a t u r a l  ground 
s to rage  of 80 ac re - fee t ,  with a  su r face  a r e a  of 42.7 ac res  and 
maximum depth above n a t u r a l  ground of 5.3 f e e t .  Basin No. .2  w i l l  
have a n  above n a t u r a l  ground s torage  of 21 ac re - fee t ,  with a  surface 
a r e a  of 12.3 ac res  and maximum depth above na tu ra l  ground of 4.7 
f e e t .  The es t imated  average annual y i e l d  from the -1 32 square mile 
con t r ibu t ing  drainage a rea  ( inc ludes  - a r e a  above Harquahala F. R. S. 
which i s  d ive r t ed  through Saddleback F.R.S.) i s  about 540 acre-  
f e e t .  This water could provide a t  l e a s e  some semipermanent 
s torage  pools behind the dam. Water r i g h t s  w i l l  be required.  



Two ga ted  and two ungated vegeta t ive  mainten- 
ance conduits  w i l l  be s t r a t e g i c a l l y  l o c a t e d  t o  mainta in  a continued 
water  supply f o r  downstream pseudokiparian vege t a t ion .  (see P la te  
1 . 1 ,  

Foundation treatment f o r  the s i t e  w i l l  c o n s i s t  
of s t r i p p i n g  and recompaction of the loose  su r face  s o i l s  - t o  the 
width of t h e  embankment f o r  the t o t a l  l e n g t h  of t h e  s t r u c t u r e ,  
Depth of s t r i p p i n g  w i l l  vary from 2 t o  5 f e e t .  For the two reaches 
t h a t  w i l l  have nondraining sediment pools ,  a cutoff trench w i l l  
be i n s t a l l e d  t o  insu re  aga ins t  excessive seepage and the p o s s i b i l i t y  
of piping. The depth of  the t rench w i l l  be approximately 7 f e e t  
f o r  Basin No. 1 and 6 f e e t  f o r  Basin No. 2. 

The main p a r t  of the  embankment w i l l  be constructed 
a s  a compacted homogeneous f i l l  of approximately 584,050 cubic 
yards. The es t imated  amount of m a t e r i a l  t o  be taken  from borrow 
t o  provide t h i s  f i l l  i s  698,000 cubic yards.  Borrow a r e a s  w i l l  
be l o c a t e d  upstream from the dam wi th in  the  f lood pool. The 
r e s u l t s  of geologic i n v e s t i g a t i o n s  t h a t  w i l l  be conducted p r i o r  
t o  f i n a l  design, and s o i l  condi t ions a s  encountered during construc- 
t i o n ,  w i l l  determine the F ina l  loca t ion ,  s i z e  and depth of the 
borrow a r e a s .  Inf luencing f a c t o r s  inc lude  s u i t a b i l i t y  of mater ia l  
a s  embankment, phys ica l  l i m i t a t i o n s  on depth of c u t  because of 
underlying c a l i c h e ,  economical haul  d i s t ances ,  a e s t h e t i c  values,  
and the need t o  minimize vegeta t ive  dis turbances.  

One l o c a t i o n  of concentrated borrow excavat ion 
i s  i n  an a r e a  of h i  h ground i n  the northwest 1 / 4  s e c t i o n  21, 
and the southwest 1 7 4 s e c t i o n  16, T2N, ROW. This high ground was 
encountered along the  alignment because the embanhent  was loca ted  
upslope o f f  the contour i n  order  t o  c l e a r  a telephone cab le  booster  
s t a t i o n  l o c a t e d  i n  the southeas t  1 / 4  s e c t i o n  17, T2N, R ~ W ,  and a 
proposed subd iv i s ion  i n  s e c t i o n  20, T2N, R ~ W .  Excavation through 
the high ground w i l l  be requi red  t o  d r a i n  the  nor the rn  sec t ions  
of the f l o o d  pool a rea  through the p r i n c i p a l  spi l lway.  Approxi- 
mately 150,000 cubic yards of mater ia l  w i l l  come from t h i s  a rea ,  
The c u t  w i l l  be approximately 200 f e e t  wide f o r  a d i s t ance  of 
6,000 f e e t .  This borrow a rea  w i l l  f r e e  drain.  

The dike embankment w i l l  c ross  f o u r  roads,  one 
underground telephone cable ,  one abandoned concrete  i r r i g a t i o n  
d i t c h  and one abandoned unl ined  i r r i g a t i o n  d i tch .  

Two of the roads a r e  unimproved farm roads t h a t  
provide access  t o  an  abandoned farmstead l o c a t e d  n e a r  the  e a s t  1 / 4  
corner  of s e c t i o n  17. The i r r i g a t i o n  d i t c h e s  a r e  immediately 
adjacent  t o  and p a r a l l e l  the farm roads. These d i t c h e s  were or ig-  
i n a l l y  used t o  convey water  t o  the south and west from an i r r i g a -  
t i o n  wel l  l o c a t e d  a t  the farmstead.- The farmstead c o n s i s t s  of a 



small frame house, which has been badly vandalized, and the  
abandoned i r r i g a t i o n  well .  The wel l  pump and motor have been 
removed. The e leva t ions  of the pump base and of the house f l o o r  
a r e  both approximately one f o o t  h igher  than the top of dam e leva-  
t i o n .  (See Figure P4.) 

It i s  h ighly  improbable t h a t  the abandoned 
farmhouse w i l l  be r epa i red  f o r  f u t u r e  use, with o r  without the 
cons t ruc t ion  of Saddleback F.R.S. Af te r  cons t ruc t ion ,  access  t o  
the abandoned farmstead w i l l  be from the Buckeye-Salome Road. 

The dam w i l l  c ross  two county roads,  Courthouse 
Road and Buckeye-Salome Road. Courthouse Road i s  paved and well  
t rave led .  Buckeye-Salome Road i s  unpaved and c a r r i e s  minimal 
t r a f f i c .  

The top e l e v a t i o n  of the dam a t  the Courthouse 
Road cross ing  w i l l  be approximately two f e e t  h igher  than the 
p resen t  roadbed e levat ion .  Courthouse Road w i l l  be r a i s e d  t o  
c ross  over the e m b a h e n t .  This w i l l  r equi re  the r a i s i n g  and 
repaving of ap roximately 260 f e e t  of road. Af ter  cons t ruc t ion ,  
approximately &O f e e t  of Courthouse Road on the e a s t e r n  s i d e  of 
the embankment w i l l  be wi th in  the maximum design f lood  pool a r e a  
of the dam, however, the r e s e r v o i r  e l e v a t i o n  of the 100-year event  
i s  1.5 f e e t  lower than the low po in t  of the roadbed. The planned 
program includes the  p lac ing  of warning s igns  on Courthouse-Road 
advis ing  t h a t  a p o r t i o n  of the road i s  loca ted  wi th in  a f l o o d  
pool a rea .  However, if a storm cond i t ion  of such s e v e r i t y  d i d  
occur t h a t  would cause backwater over Courthouse Road, i n  a l l  
p r o b a b i l i t y  t r a f f i c  would a l r eady  be stopped a t  o the r  p o i n t s  
a long the road due t o  flow i n  the numerous washes t h a t  c ross  the 
road by dip sec t ion .  

The Buckeye-3alome Road crossing w i l l  be accom- 
p l i s h e d  by ramping over  the dike embankment. The dike w i l l  be 
approximately 5 f e e t  high a t  the  p o i n t  of crossing,  Approximately 
900 f e e t  of the road w i l l  be wi th in  the f lood  pool a r e a  of the  
dam. Warning s igns  w i l l  a l s o  be placed along t h i s  road adv i s ing  
t h a t  the road i s  impassable under f l o o d  condition.  

Before i n s t a l l i n g  t h e  s t r u c t u r e ,  a w r i t t e n  
r i g h t  o r  permission t o  f l o o d  both Courthouse Road and Buckeye- 
Salome Road w i l l  be obtained from Maricopa County which has 
j u r i s d i c t i o n  over both roads. 

The dike w i l l  c r o s s  an  underground telephone 
cable  i n  the southwest 1/4 s e c t i o n  16 ,  T2N, ROW. Construction of 
the dike embankment and upstream borrow channel w i l l  n e c e s s i t a t e  
the  lowering of t h i s  cable.  



1/ For 100-year s torm p r o t e c t i o n  f requency.  - 

TABLE I 

STRUCTURAL DATA 

SADDLEBACK FLOODWATEH RETARDING STRUCTUiiE 

I tem - Uni t  - Data - 
Drainage Area Sq.Mi. .29.6- 

. Storm P r o t e c t i o n  Frequency Y r .  100  
To ta l  Length M i .  5 -27  
Maximum Height F t .  22 
Average Height  Ft .  
Top Width 

15 
F t .  11 

Maximum Bottom Width F t .  
Average Bottom Width 

133 
Ft  . 86 

Side Slopes  ~ t . / ~ t .  
Ups tream 

d Downs tream 
3 
2 

S torage  Capaci ty  Ac.-Ft. 
Floodwater  Retarding 
Sediment (50 y r )  

49 127 
1 20 

T o t a l  
1/ P r i n c i p a l  Spi l lway , 

49 a 7  

Rese rvo i r  Drawdown Time Days 8 5 

a Maximum Release  Rate C.F.S. 800 

9 

L 
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Burnt Mountain, Interstate 10 and 
X-'ot Saddleback F o R o S .  Looking north- 
west f rom andesite knoll, Section ~?,T~N,R~w. 

dbandoned-f~rmhouse located i n  Sec tlon 
, immediately above the floodpool of 

%&leLCk F o R o S o  



A n  e l e c t r i c  power l i n e  runs east-west on 
the south s e c t i o n  l i n e  of Sec t ion  17,  T2N, R ~ W .  Construct ion 
of the dike w i l l  n e c e s s i t a t e  the r e l o c a t i o n  of one pole and 
r a i s i n g  of approximately 500 f e e t  of l i n e .  

The cons t ruc t ion  of Saddleback F.R.S. w i l l  
r e q u i r e  land  r i g h t s  a c q u i s i t i o n  of 1,266.2 a c r e s  encompassed 
by the dam, borrow a r e a s ,  and f l o o d  pool. Of the 1,266.2 
a c r e  t o t a l ,  approximately 515 a c r e s  a r e  i n  p r i v a t e  ownership, 
281 a c r e s  a r e  S t a t e  Trust l ands  adminis tered by the Arizona 
S t a t e  Land Department, 464 a c r e s  of publ ic  l a n d  adminis tered 
by the U.S. Bureau of Land Management, 5 a c r e s  of S t a t e  l and  
w i t h i n  the I n t e r s t a t e  1 0  right-of-way administered by the  
Arix0.w Department of Transpor ta t ion ,  and a n  est imated 1 .2 
a c r e s  a r e  under the j u r i s d i c t i o n  of Maricopa County f o r  Court- 
house and Buckeye -Salome Roads r i g h t s  -of -way. 

A l l  of the l a n d  requ i red  i s  unimproved 
d e s e r t  except 85 a c r e s  of previous ly  i r r i g a t e d  land l o c a t e d  
i n  the south 1 /2  Sect ion  17,  T2N, R ~ W .  

No r e l o c a t i o n  of people, businesses,  o r  farm 
opera t ions  w i l l  r e s u l t  from the  cons t ruc t ion  of the dam. 

( 2 )  Harquahala F.R. S. 

Harquahala F.R.S. w i l l  be loca ted  imm d i a t e l y  
above and p a r a l l e l  t o  the  proposed Cent ra l  Arizona Pro jec t  
Granite Reef Aqueduct. About 6.1 mi les  of the alignment l i e s  
ac ross  mountain f o o t  s lope  t e r r a i n  of the Big Horn Mountains 
and 5.4 miles ac ross  v a l l e y  s o i l s  of the  Harquahala P la ins .  
(See Pro jec t  Map, P l a t e s  2  and 2a, and Figures  PS, P6, and P7. 
S t r u c t u r a l  Data i s  shown i n  Table 11. ) 

The average n a t u r a l  ground e l e v a t i o n  a t  the 
base of the dam drops about 4.0 f e e t  from west to  e a s t  i n  the 
e n t i r e  length between Buckeye-Salome Road and Burnt Mountain. 
This e l e v a t i o n  drop r e s u l t s  i n  t h e  p a r a l l e l  alignment with 
the Grani te  Reef Aqueduct, which has  a s lope of about 0.0008 
f t .  p e r  f t .  (0.4 f t .  pe r  m i l e ) .  Floodwater runoff from 
i n t e r c e p t e d  drainages w i l l  be temporari ly  impounded and r e -  
rou ted  eastward along the  dam alignment f o r  con t ro l l ed  r e l e a s e  
through the p r i n c i p a l  spil lway. 

The p r i n c i p a l  sp i l lway  w i l l  be l o c a t e d  j u s t  
west of Burnt Mountain. It w i l l  c o n s i s t  of a  4 f o o t  by 4 f o o t  
r e in fo rced  concrete  box c u l v e r t  cons t ruc ted  a s  a  continuous 
c losed  conduit  through t h e  dam foundat ion and underneath the 
aqueduct. The spi l lway w i l l  be ungated, with a  r e in fo rced  
concrete  s tandard  covered top  r i s e r  a t  the i n l e t  and a  S.A.F. 
(Sa in t  Anthony F a l l s )  Basin o u t l e t .  There w i l l  be a n  83 f o o t  
long  t r a n s i t i o n  between the  box c u l v e r t  conduit  and the  S.A.F. 
Basin. 



Floodwater r e l e a s e s  through t h e  p r i n c i p a l  
spi.llway w i l l  e n t e r  a n  e x i s t i n g  unnamed wash (des ignated  a s  
Harquahala Floodway) t o  be conveyed v ia  t h i s  wash through 
e x i s t i n g  box c u l v e r t s  under I n t e r s t a t e  10, d ive r t ed  eastward 
i n t o  Saddleback F.R.S. and then southward through Saddleback 
Diversion t o  a n  o u t l e t  i n  Centennial Wash. 

The emergency sp i l lway-  f o r  the dam w i l l  be 
l o c a t e d  i n  the  e a s t  abutment. The sp i l lway w i l l  be a  s t r a i g h t  
i n l e t  r ec tangu la r  concrete  chute with a  100-foot bottom width, 
o u t l e t t i n g  i n t o  the  Grani te  Reef-Aqueduct. Flows g r e a t e r  
than  those expected on the  average of once i n  100 y e a r s  w i l l  
p a s s  through the spi l lway.  This i s  equiva lent  t o  a  runoff of 
2.61 inches from the t o t a l  102.3 square mile drainage a rea  i n  
a  s i x  hour period. Maximum discharge through the  sp i l lway with 
r e s e r v o i r  s tage  t o  top of dam e l e v a t i o n  w i l l  be 9,650 c f s .  

Geologic i n v e s t i g a t i o n s  were conducted along 
t h e  alignment a t  i n t e r v a l s  ranging from 1,000 t o  1,500 f e e t ,  
a l t e r n a t i n g  between c e n t e r l i n e  of the dam and c e n t e r l i n e  of 
the aqueduct. Resul t s  showed a d i s t i n c t  d i f f e rence  occurs 
i n  the s o i l s  and foundat ion condi t ions  where the  dike a l i g n -  
ment l e a v e s  the mountain f o o t  s lope t e r r a i n  and proceeds ac ross  
a l l u v i a l  f a n  depos i t s  of the Harquahala Plains .  This change 
i n  s o i l  e f f e c t i v e l y  d iv ides  the dam i n t o  two s e p a r a t e  reaches,  
r equ i r ing  separa te  methods of foundat ion treatment and embank- 
ment design. The two reaches w i l l  be discussed separa te ly .  

Reach 1 , c o n s t i t u t e s  t h e  e a s t e r n  6.1 mi les  of 
the dam. S o i l s  c o n s i s t  o f  shallow t o  moderately deep a l l u v i a l  
f a n  depos i t s  g e n e r a l l y  having a  we l l  developed i r o s i b n  pavement. 
Based on s o i l  condi t ions  a s  evaluated t o  da te ,  the embankment 
f o r  Reach 1 w i l l  c o n s i s t  of a  homogeneous f i l l .  Oversized 
cobbles unsui tab le  f o r  f i l l  w i l l  be raked out. S e l e c t i v e  
placement of m a t e r i a l  w i l l  be u t i l i z e d  with the c o a r s e r  ma te r i a l  
placed on t h e  ou t s ide  and toes  of the embanlanent grading inward 
t o  f i n e r  ma te r i a l .  A core  trench of 1 s  foo t  bottom width and 
2:1 s i d e  s lopes  w i l l  key the  embankment t o  the foundation. 
Depth of the core t rench w i l l  average about 5 f e e t .  

Reach 2.!consti tutes the western 5.4 mile  - - -  
l eng th  of t h e  dam ac ross  the  f l a t  a l luvium of the Harquahala 
Plains .  S o i l s  c o n s i s t  of  f i n e  gra ined  a l l u v i a l  f a n  depos i t s .  

Present  design of  the embankment f o r  Reach 2 
a l s o  c a l l s  f o r  a  homogeneous f i l l ,  however, foundat ion condi- 
t i o n s  i n  t h i s  a rea  a r e  i n f e r i o r  t o  those encountered a long 
Reach 1,  Foundation t reatment  w i l l  c o n s i s t  of complete removal 
of weak o r  ques t ionable  ma te r i a l  f o r  the e n t i r e  base width of  
the dam, Depth of foundat ion excavat ion w i l l  average 6 f e e t .  
(See P la te  2. ) 

A t  the  west end, the  dam alignment w i l l  
depar t  from the aqueduct and p a r a l l e l  Buckeye-Salome Road. 



The western end of the  dam w i l l  be extended to  d i r e c t  flow 
from a s e r i e s  of washes i n t o  the  dam proper.  This extension 
t o  the dam w i l l  c o n s i s t  of  a d ive r s ion  type embankment. 

The embankment s e c t i o n  f o r  Reaches 1  and 2 
w i l l  r e q u i r e  4,530,558 cubic yards of compacted f i l l .  This 
m a t e r i a l  w i l l  be obtained as excavat ion from the  Granite Reef 
Aqueduct sect ion.  

There a r e  th ree  proposed o u t l e t s  through 
the  embankment. The p r i n c i p a l  sp i l lway w i l l  be l o c a t e d  on 
the  e a s t  end a t  Burnt Mountain. A small low flow channel w i l l  
be cons t ruc ted  upstream of the embankment dra in ing  from west 
t o  e a s t  t o  the p r i n c i p a l  spil lway. 

Harquahala F.R.S. i s  a  very long s t r u c t u r e  
(1 1 .s miles ) .  Two 24-inch diameter ga ted  d r a i n  o u t l e t s  w i l l  
be spaced along the  dam alignment. These w i l l  se rve  a s  
emergency dra ins  i n  the extremely u n l i k e l y  event t h a t  a debr i s  
p lug  should separa te  p a r t s  of the r e s e r v o i r .  One of the 
o u t l e t s  w i l l  a l s o  serve t o  d r a i n  the  pool a r e a  descr ibed i n  
the Environmental Features  Section. 

The alignment of  the  dam i s  over t e r r a i n  
t h a t  provides r e l a t i v e l y  e a s t  movement by four-wheel dr ive 
and o t h e r  off-road type vehicles .  There a r e  seve ra l  f a i n t  
veh icu la r  roads o r  t r a i l s  a long the alignment t h a t  w i l l  be 
i n t e r s e c t e d  by the dam and aqueduct. These roads were c r e a t e d  
by off-road vehic le  use on S t a t e  and pub l i c  lands. The planned 
program does no t  include any c ross ings  over the dam embankment 
f o r  roads of t h i s  type. However, the dam embankment w i l l  l i e  
ac ross  three  unimproved roads t h a t  a r e  used on an inf requent  
bas i s .  They a r e  unsui ted  f o r  passenger type automobile use. 

O f  these th ree  roads,  only one i s  considered 
t o  have s i g n i f i c a n t  use and purpose t o  warrant a  c ross ing  over  
the embankment and aqueduct. This c ross ing  w i l l  be t o  provide 
access  t o  a n  abandoned mine l o c a t e d  i n  Sect ion  IS, T3N, R9W, 
and ranching operat ions nor th  of Harquahala F.R.S. Access t o  
t h i s  mine i s  c u r r e n t l y  provided by an  unimproved road  passable  
only  under favorable  weather condi t ions.  This road i s  a c t u a l l y  
a  f o r k  o f f  another  unimproved road l o c a t e d  t o  the west. The 
f o r k  occurs approximately 3/4 mile south  of  Harquahala F.R.S. 
The two roads proceed nor th  independently and e s s e n t i a l l y  
p a r a l l e l  of  each o ther .  A t  the p o i n t  of i n t e r s e c t i o n  with 
the dam, the  roads a r e  approximately 1  /2 mile a p a r t .  The dam 
and Grani te  Reef Aqueduct w i l l  i n t e r s e c t  both roads. A c ross ing  
over t h e  dam w i l l  be provided f o r  the  west fo rk  i n  Sect ion  21 , 
T3N, R9Wj t o  match a  bridge over  the  aqueduct. The e a s t  road 
w i l l  be severed. A n  approximately 1 /2  mile long detour  road, 
t o  be l o c a t e d  through the f lood  pool a r e a  o r  o the r  s u i t a b l e  
l o c a t i o n ,  w i l l  connect the two roads. Due t o  the inf requent  
use of t h i s  road, the planned program does not include any 



TABLE I1 

I tem - 

S 'TRUC TURAL DA TA 

HARQUAHALA FLOODWATER RETARDING STRUCTURE 

Drainage Area 
Storm Pro tec t ion  Frequency 
Total  Length 
Maximum Height 
Average Height 
Top Width 
Maximum Bottom Width 
Average Bottom Width 
Side Slopes 

Upstream 
Downstream 

1/ Storage Capacity - 
Floodwater Re t a rd ing  
Sediment (5Oyr) 
Total  

2/ Pr inc ipa l  Spillway - 
Reservoir  Drawdown Time 
Maximum Release Rate 

Unit  - 
Sq.Mi. 
Y r .  
M i .  
F t  . 
Ft  . 
Ft . 
Ft .  
Ft.  
~ t . / ~ t .  

Data - 

Days 
C.F.S. 

1/ A t  emergency spil lway c r e s t  e l eva t ion .  - 
2/ For 100-year storm p r o t e c t i o n  frequency. - 
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L.; 

f o t a l  

131.9 

5,114,609 ' 
16-77 

15,157.5 
534 

14,624 

166 
2,183 

i 
! 

. 

I& 

'a TABLE 3 

-4 STRUCTURAL DATA - W I S E D  

nOODWATER RETARDING STRUCTURES 

Saddleback 
FRS 

a 
29.6 
89 

1194.2 
1190.5 
1179.0 

22.0 
584.051 

52?7 133- 
11 

3 
2 
4 # ~ 7  

120 
4,127 

89 I/ 
879 

3.98 
6.08 
3.22 

800 
No Spillway 

1 O y 8 5  
117 

P.W.D. 
0.5 

3.81 
2.71 
6 

No Spi l lway 

1190.5 

801 

6.55 
5.38 
6 

1194.f Y 
914 -1 

,0761 
2.62, 

Arizona 

Harquahala 
FRS 

b 
102.3 

86 
1 41 9 
1409 
1392.8 

43.0 
4,530,558 

11.5 
2 34 
14 

3 
2 

10,911 
41 4 

10,497 

77 
1304 

3.87 
5.99 
2.61 

485 
1.0 

w 3 7 0  
1360 

S.A.F. 
9.08 

3.49 
2.24 
6 

Concrete Chute 
100 

2.18 
.02 

1409.9 
0 

400 

7.35 
2.91 

1418.8 
96-50 

.0759 
1.93 

I tern 

Class of S t ruc tu re  
Drainage Area ( T o t a l )  

Average Curve Number (1-day AMC 11) 
Eleva t ion  Top o f  Dam 
Eleva t ion  Crest  B e r g e n c y  Spillway 
E leva t ion  C r e s t  P r i n c i p a l  Spillway 
Maximum Height of Dam 
Volume of F i l l  
Length 
Maximum Bottom Width 
TOP width 
Upstream Slope 2:l  
Downstream Slope Z : 1  
Total  Capacity 1/ 

Sediment (50 y r .  ) 
Re ta rd ing  

Surface Area 
Sediment Pool 
Retarding Pool 

p r i n c i p a l  Spillway Design 
R a i n f a l l  Volume (Areal ,  1-day) 
R a i n f a l l  Volume (Areal,  10-day) 
Runoff Volume (10-day) 
Capacl ty  
Frequency Operat ion-bergency Spillway 
Dimensions of Conduit 
Tai lwater  E leva t ion  
Type of Out le t  
Drawdown Time 

mergency Spillway Design 
R a i n f a l l  Volume (ESH, a r e a l )  
Runoff Volume (ESH) 
S t o m  Duration 

Zd tom Width . . 

Veloc i ty  of  Flow (Ve) 
Slope of Edt C h a ~ e l  
Maximum Reservoir Water Surface E leva t ion  
Side Slopea 2:1 
Maximum Outflow from ESH Routing 

Freeboard Design 
R a i n f a l l  Volume (FH,  real ) 
Runoff Volume (FH). 
Storm Eurat ion 
Maximum Reservoir  Water Surface E leva t ion  
Maximum Outflow from FH Routing 

Capacity Equivalents  
Sediment Volume 
Re t a r d i n g  Volume 

'1 2/ Includes  berm width. - 
r/ No emergency spi l lway.  E leva t ion  shown i s  t h a t  a t t a i n e d  by rou t ing  of emergency sp i l lway  

hy drograph. 

1. No emergency spillway. Eleva t ion  shown i s  t h a t  a t t a i n e d  by rou t ing  of f reeboard  sp i l lway  
hydrograph. 

s/ This includes  80 AF i n  Basin #1, 21 AF i n  Basin #2, and 19 AF i n  a rea  between basins .  

1- 6/ Outflow through p r i n c i p a l  spi l lway.  - 
7/ Includes 55 ac.  of nondraining a r e a s .  - March 1976 

1 

Valley Watershed, 

U n i t  

Sq.Mi. 

M.S.L. 
M.S.L. 
M.S.L. 

Ft .  
Cu.Yd. 

Mi.  
F t .  
~ t .  

AF 
AF 
AF 

Ac. 
AC . 
In.  . 
In .  
In .  

C.F.S. 
% 

Ft .  
M. S. L. 

Days 

In.  
In .  

Hours 

~ t .  
F.P.S. 

Ft . /Ft .  
M.S. L. 

C.F.S. 

In. 
In. 

Hour s 
H.S.L. 
C.F.S. 

In. 
In .  

I 
1 
1 
1 
1 
1 
r@ 
1 I 

I 

1 I 

-3 I 
I 1 I 

. I  

Harquahala 

1/ A t  c r e s t  of emergency spil lway. - 



TABLE 3 - Revised 

STFKlCTURE DATA FOR DIVERSIOXS, LEVEES, AND FLOODWAYS 

,O &/ Cross sec t ional  area below hydraulic grade l i n e ,  (F~ . ' ) ,  
J a -  < / Wetted perimeter below hydraulic g r a b  l i ne .  ( s t .  ). 

Reach 

<o-' " %i An unmodified, well defined nntural  channel o r  stream. - M w d e  di tch  o r  previously modified channel (approximate date of or ig ina l  major I 
construction).  

0 - None o r  p rac t i ca l ly  no defined channel. 

L/ R - Perennial - flows a t  a11 times except during extreme drought. 
I - In termi t ten t  - continuous flow through some seasons of the year but l i t t l e  o r  no flow 

through other seasons. 
E - mhemeral - flows only during periods of surface run-off, otherwise dry. 
S - Ponded water v i t h  no noticeable flow - caused by lack  of o u t l e t  o r  high gro&&ater table.  

Beginning 
s t a t i o n  

Channel Dimensions 

5 /  I - Btabl i shment  of new channel including necessary s t ab i l i za t i on  measures. - 
I1 - Wargemant o r  realignment of ex i s t i ng  channel o r  stream. 

111 - Cleaning out  natural  o r  manmade channel (includes bar remova; and major c lear ing  and 
snagging operation). I " 

I V  - Clearing and removal of loose debris within channel section. 
V - Stab i l i za t i on  a s  p ; . ima~ purpose (by continuous treatment o r  loca l ized  problem areas  - 

present capacity adequate . 

Saddleback Diversion - 4-64 m i .  

E - Earth channel. 
R - Rock r i p n p  channel. 

Drainage 
Area 

(s~.)u.) 

35 .0017 

Bottom 

d ~ g e ~  

1 

5 

6/ 10YR-2l+.HR storm depth = 3.0' (low flow channel). - 

Capacity 
c f a  

~eq!d d s l g n  

Depth 
of 

Plow 
( ~ t )  

Velocit ies  
(f 9)  

~ g e d  I 8  ~ l t  
Width 

( f t )  
'n'Va1ue 

A. milt  

March 1976 

4.5 

Slope 
( f t / f t )  

8+20 0 800 810 
13+36 (4 - 101x 5' 90°, Box 

e 
T f  
Work 
Y 

Side Beforb 
Project  
I/-y =u 

810 
857 

1 i63  

1762 
1912 
2064 
2267 
2524 

3963 
4361 
5000 
5322 

$ b y  596 
6$89 

" 

Culvert a t  Courthouse 

Slopfs 

2 

50 
56 
56 

260 
66 

i g  
1 2  
145 
160 

19 
208 
220 

242 
n  

400 
800 

1040 
1499 
1499 
1499 
1499 
1499 
2197 
2197 
3029 
3029 
3029 
& 3 0  
4230 
4230 
4230 
5467 
5467 
5467 

1 3 6 4  
16+60 
23+20 
Wc+M 

61 2 2 035 
.a045 I a:38l 2 1 2 1 :%I ':035 

35 0.0 4-36 2 2 -035 .035 
Channel o u t l e t )  

4.09 4 . 0 9 ~  1 1 ~  

5 

II 

3 

101x 

-30 

-86 

a 

1 -94  

3.27 

8 

8.22 

9 
1 0  
11 
12  
1 3  

0-E 2 .03$ 

Channel Outle t )  

(Natural 1 '  chknnel) 
18 .OOO215 6.80 

(1-10 crossing, 3 - 

5610 (Natural 253+00 

-000797 4,O 
-000797 

66+70 
75+60 
83+5O 
9 4 + S  

105+00 

.035 

8.65 

.Of3 

: " 
: 
" 

: 
n  

'I 

n  
n  

7.02 
5.59 
5.59 

II 

n  
n  
n  
n 
n  
n  
n  
n  
n 
n  
n  

. 
n  
n  
n  
n  
n  
n  
n  

N-E 
N-E 

281) 
.035 
.0?5 

n  
" 
" 
"' 

" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
:: 
n  

.025 

Road, L = 

n  
n  
II 

n  
n  
n 
n  
n  
n  
n  
n  
n  
n  
n  
n  
n  
n  

M(1964)-E 
7.02 I - R  0-E 
5.59 1 I-E I N-E 
4.49 I-E N-E 

2.8) 2.8) n  
2.53 

:a 136+00 

2 
n n  
n n  

n  
n n  
n n  
n n  
n n  
n n  
n n  
n n  
n n  
n m  
n n  
n n  
n n  
n n  
n n  

3 

4.96 
5-05 
5.12 
5.21 
1 
5.48 
5.63 
5.70 
5.78 
5.88 
5.92 
5.96 
6.00 
6;03 

n  

1.59 

i 
19  
20 
21 
22 

500 
500 

1265 
1265 
1265 

Harquahala Floodway - 3.W m i .  

.035 

.Oj, 
n  
n  
n  
n  
n  
11 

n  
n  
n  
n  
n  
n  
II 

n  
n  
n 
II 

.03 

153+00 
1 0+00 
1i7+00 
204+00 
227+00 
2.50+00 

185+00 1265 1265 
193+00 1265 (Natural 

5' C.B.C.) 

6.07' 
6.12 
6.16 
6.21 
6.26 
6.34 
6.40 
6.43 
6.46 
6.50 
6.51 
6.53 
6.54 
6;55 

n  

1.91 1 
2 a 

" " " 
:: 
: 
" 

:: 
:: 
n 

I-E 11+72 
22+00 

120+00 
122+10 
177+00 

0 
485 
485 

.96 

.98 

1265 
1265 
1265 
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.A. 

F i  ure P7. Looking north showing location of 
&+a F F . 3 .  and the natural wash section 
of Harquahala Floodway. 

Figure ~ 8 .  New Tank, Section 309T3N,R9w. 



c u l v e r t s  i n  the f l o o d  pool,  t he re fo re ,  f loodwater impoundment 
w i l l  temporarily l i m i t  access from the south terminal of the 
road. However, access  t o  the  mines and ranch opera t ions  
served  by the  road could s t i l l  be accomplished by detouring 
i n  from the  n o r t h  terminal  a t  the Eagle Ege Road junction. 

The Harquahala Valley I r r i g a t i o n  D i s t r i c t  
has  requested t h a t  a ga ted  o u t l e t  be provided t o  allow r e l e a s e  
of floodwater impoundments behind the  dam i n t o  the D i s t r i c t  I s  

proposed system f o r  d i s t r i b u t i o n  of water  from the Cent ra l  
Arizona Projec t .  The a c t u a l  s i z i n g  and i n s t a l l a t i o n  of such 
a  f e a t u r e  w i l l  be dependent upon severa l  f a c t o r s  inc luding  
water  r i g h t s .  Engineering s t u d i e s  presented  to  da te  f o r  the  
d i s t r i b u t i o n  system a r e  inadequate t o  se rve  a s  a  b a s i s  f o r  
des ign  of a n  o u t l e t  through Harquahala F.R.S., t he re fo re ,  such 
a  f e a t u r e  i s  not  inc luded a s  a  p a r t  of the  planned p r o j e c t .  
It can be added during the f i n a l  design. Any c o s t s  a s soc ia ted  
wi th  such a  f a c i l i t y  w i l l  be nonproject  and i n e l i g i b l e  f o r  
a s s i s t a n c e  under the  Public Law 566 ~ c t .  

The cons t ruc t ion  of t h e  dam w i l l  r equ i re  
l a n d  r i g h t s  a c q u i s i t i o n  on 2,274 a c r e s  of land. This i s  f o r  
the  a r e a  encompassed by the  dam, f l o o d  pool ,  and emergency 
spi l lway.  O f  t h i s  t o t a l ,  854 a c r e s  a r e  i n  p r i v a t e  ownership 
and 1,340 a c r e s  a r e  pub l i c  l ands  adminis tered by the U.S. 
Bureau of Land Management and 80 a c r e s  a r e  S t a t e  Trust .  A l l  
of the l and  requi red  i s  unimproved rangeland. 

No r e l o c a t i o n s  of people,  businesses,  o r  
farm operat ions w i l l  r e s u l t  from cons t ruc t ion  of the dam. 

c.  C h a ~ e l s  and Floodways 

(1 ) Harquahala Floodway 

Harquahala Floodway w i l l  convey f loodwater  
r e l e a s e s  from Harquahala F.R. S. i n t o  Saddleback rF. R. S. Total  . 
l e n g t h  of the floodway i s  18,128 f e e t  'o r  3.43 miles.  (See 
Pro jec t  Map, P la te  3, and Figures  P7, P9, and P10. S t r u c t u r a l  
Data i s  shown i n  Table 111.) 

For purposes of d iscuss ion ,  the floodway i s  
d iv ided  i n t o  f o u r  reaches d i f f e r e n t i a t e d  by t h e  type of 
cons t ruc t ion  proposed. Progression i s  downstream i n  the  d i rec-  
t i o n  of flow. 

Reach 1 c o n s i s t s  of a  1,028 f o o t  excavated 
channel from the Harquahala F.R.S. o u t l e t  t o  an e x i s t i n g  wash. 
Channel bottom width i s  -1 8 fee t+  wi th  3:l s i d e  slopes.  Channel 
s lope  i s  0.000215 f t . / f t .  Average v e l o c i t y  of flow a t  the  
des ign  peak flow of approximately 500 cubic f e e t  p e r  second i s  
about 1.9 f e e t  p e r  second. Design depth of  flow i s  about 6.8 
f e e t .  Depth of c u t  v a r i e s  from a maximum of 16.5 f e e t  a t  the 



i n l e t  t o  0.0 f e e t  where the n a t u r a l  wash i s  in te rcep ted .  The 
channel bottom i s  founded on c a l i c h e  fanglomerate o r  b a s a l t  
rock f o r  the  f i r s t  1,000 f e e t ,  where the  bottom grades i n t o  a 
GM-GW s o i l .  No s p e c i a l  s t a b i l i z i n g  a c t i o n s  w i l l  be necessary 
except  f o r  the  f i rs t  1 4  f e e t  immediately downstream from the 
i n l e t  where rock  r i p r a p  w i l l  be placed t o  prevent  l o c a l i z e d  
scour.  

 each 2 of  the floodway c o n s i s t s  of 9,800 ' 

f e e t  of n a t u r a l  channel between Reach 1 and In ters ta te i1 .0 .  , 
(See Figure P7.) The channel c o n s i s t s  of a main wash t h a t  
overflows i n t o  p a r a l l e l  secondary washes. A l l  overflow out  
of the main wash i s  n a t u r a l l y  r eun i t ed  before  reaching the 
I n t e r s t a t e  1 0  box c u l v e r t s  except f o r  one reach where overflow 
e n t e r s  a  borrow p i t  l e f t  from thecons t ruc t ion  of I n t e r s t a t e  10. 

Ins tead  of  a l t e r i n g  t h i s  condi t ion ,  the  
planned program w i l l  a l low the flow t o  cont inue t o  b r a i d  wi th  
a  p o r t i o n  e n t e r i n g  the  borrow p i t .  The borrow p i t  w i l l  t r a p  
sediments and debr i s  t h a t  otherwise would be t r anspor ted  through 
the I n t e r s t a t e  1 0  box cu lve r t s .  Vegetative growth wi th in  the  
borrow p i t  should a l s o  be aided. To assu re  t h a t  overflow from 
the  borrow p i t  flows back i n t o  the floodway wash and on through 
the I n t e r s t a t e  1 0  box c u l v e r t s ,  a  small channel w i l l  be con- 
s t ruc ted .  A l l  upstream overflow out  of the  floodwas wash w i l l  
then  be reuni ted-  p r i o r  t o  c ross ing  I n t e r s t a t e  10. 

- 

The planned program w i l l  a l s o  include excava- 
t i o n  of a  channel about 700 f e e t  upstream from the  highway 
where rock revetment now e x i s t s .  Construction w i l l  c o n s i s t  
of widening the r i g h t  o r  west s ide  of the wash a long  the 
revetment reach from the  p resen t  6 f o o t  bottom width t o  about 
31 f e e t .  Length of  c u t  w i l l  be about 200 f e e t  and approxi- 
mately 710 cubic yards  of m a t e r i a l  w i l l  be removed. 

The two items of excavation, one t o  inc rease  
e x i s t i n g  wash capac i ty  along the revetment and the o t h e r  t o  
connect the  borrow p i t  wi th  the  I n t e r s t a t e  1 0  box c u l v e r t s ,  
a r e  the only cons t ruc t ion  a c t i v i t i e s  t o  be conducted a long 
Reach 2. No o the r  modif icat ions t o  e x i s t i n g  condi t ions  a r e  
planned. 

Floodway 'Reach--3 c o n s i s t s  of t h r e e  {ex i s t ing  
10  f o o t  by 5 f o o t  concrete  box c u l v e r t s  through I n t e r s t a t e  10. 
They a r e  designed f o r  the 50-year f lood  even t  and have a 
capaci ty  of 1  ,050 cfs .  (See Figure P9. ) 

Between the dam and In te r s - t a t e  1 0  the re  a r e  
0.98 square mi les  -of drainage area .  The est'imated SO-year 
peak discharge from t h i s  a r e a  i s  765 c f s .  The simultaneous 
peaking of t h e  design r e l e a s e  from Harquahala F.R. S. (485-S00cfs ) 
p l u s  the SO-year discharge from the uncontrol led d ra ina  e  a r e a  
would r e s u l t  i n  a peak discharge t o  the c u l v e r t s  of 1 , 2  % 5 cfs 



which would increase  headwater depth by about 6 inches. The 
box culverts have s u f f i c i e n t  capac i ty  t o  handle t h i s  increased  
discharge without endangering the I n t e r s t a t e  10 roadbeds even 
i f  t h i s  h igh ly  improbable simultaneous peaking of discharges 
does occur. 

. ..- 
Floodway Reach 4 extends from J n t e r s t a t e  .10 

t o  saddleback F.R.S. It c o n s i s t s  of a d i v e r s i o n  of the  n a t u r a l  
channel immediately downstream from the box c u l v e r t s  eastward 
through a channel ac ross  the f o o t  s lope extens ion  of Burnt 
Mountain t o  a n  o u t l e t  i n t o  Saddleback F.R.S. Total length  of 
t h i s  reach i s  7,090 f e e t .  (See Figures  P9 and P10.) 

S o i l  condi t ions  r equ i re  t h a t  r i p r a p  be used 
f o r  channel s t a b i l i z a t i o n .  The channel w i l l  have a -35 f o o t  . 
bottom width and 2:1 s ide  s lopes.  Slope of the channel bottom 
w i l l  vary from .PO9 f t . / f t .  t o  0.0 f t . / f t .  The channel w i l l  
be maintained e n t i r e l y  i n  c u t  f o r  a e s t h e t i c  purposes. Where 
s u i t a b l e ,  excavated mate r i a l  w i l l  be used a s  a p a r t  of the  
embankment of Saddleback F.R.S. A small  berm approximately 
2 f e e t  i n  he ight  w i l l  be cons t ruc ted  on the upstream ( n o r t h )  
s i d e  of  the  channel t o  prevent  l o c a l  runoff from uncontrol led 
e n t r y  i n t o  the channel over the  s i d e  r iprap .  

Two d i f f e r e n t  discharges were used t o  design 
t h i s  channel. A design flow of 765 c f s  was used to  s e t  the  
he igh t  of  r ip rap .  Depth of flow with 765 c f s  i s  2.1 f e e t .  A 
design flow of  1,265 c f s  was used t o  s e t  the depth of channel 
excavation. Depth of flow with 1,265 c f s  i s  3.6 f e e t .  With 
an  added 1 f o o t  of f reeboard,  t h e  average depth of the channel 
c u t  below n a t u r a l  ground i s  about 4.6 f e e t .  

Construction a c t i v i t i e s  w i l l  be performed 
on 17.5 a c r e s  of land. This inc ludes  1.8 a c r e s  i n  Reach 1 
where a channel c u t  w i l l  be made i n  order  t o  d ra in  Harquahala 
F.R.S. i n t o  the  wash, -4 a c r e s  i n  Reach 2 f o r  the channel c u t  
i n t o  the borrow p i t  and channel widening along the e x i s t i n g  
revetment, and 15.3 a c r e s  i n  Reach 4 where a new channel w i l l  
be constructed.  With the except ion of 5.8 a c r e s  of p r i v a t e  
l a n d  on Reach 4, a l l  work w i l l  be on pub l i c  l ands  adminis tered 
by the U.S. Bureau of Land Management o r  S t a t e  lands  adminis- 
t e red  by the  Arizona Department of Transportat ion.  I n  Reach 
4, an a d d i t i o n a l  7 . 2  a c r e s  of p r i v a t e  l a n d  and 47.8 a c r e s  of 
pub l i c  l ands  between the  s t r u c t u r e  and I n t e r s t a t e  10  nay a l s o  
be requi red  due t o  severance. 

Fee simple a c q u i s i t i o n  of l a n d  r i g h t s  w i l l  
be r equ i red  f o r  the  p r i v a t e  l a n d s  i n  Reach 4. Land Rights  by 
permit may be poss ib le  f o r  those a r e a s  where cons t ruc t ion  
a c t i v i t i e s  w i l l  be conducted on f e d e r a l  o r  S t a t e  lands.  Flowage 
easements w i l l  be requi red  on t h e  n a t u r a l  wash a t  l e a s t  f o r  the 
485 c f s  r e l eaee  r a t e  from Harquahala F.R.S. A l l  r equi red  
right-of-way i s  on unimproved rangeland. 



d. Floodwater Diversions and Levees 

(1 ) Saddleback Diversion 

Saddleback Diversion begins a t  the p r i n c i p a l  
spi l lway o u t l e t  of Saddleback F.R.S. and proceeds i n  a genera l ly  
southern  d i r e c t i o n  along the, west f o o t  s l o p e s  of Saddleback 
Mountain f o r  a d is tance  of 4 . 6 4 - d l % s  o u t l e t t i n g  i n t o  a n  unnamed 
wash about 1 .4  mi les  above ' i t s  confluence with Centennial  Wash. 
(See Pro jec t  Map, P la te  4, and Figure P11. S t r u c t u r a l  Data i s  
shown on Table 111.) 

The d ive r s ion  i s  designed t o  c a r r y  the maximum 
outflow from Saddleback F.R.S. p lus  the  SO-year f l o o d  event  
from the d ive r s ion  drainage area.  Design c a p a c i t y  v a r i e s  from 
81 0  c f s  a t  the  Saddleback F.R.S. o u t l e t  t o  6,289 c f s  a t  the  
end of the d i v e r s i o n  ( see  Pla te  4) .  The diversion will carry 
floodwater r e l e a s e s  from Harquahala F.R. S. and Saddleback F.R. 3. 
The t o t a l  drainage a r e a  con t r ibu t ing  runoff  to  the d i v e r s i o n  
i s  140.6 square miles,  of which 102.3 square mi les  a r e  c o n t r o l l e d  
by Harquahala F.R.S., 29.6 square miles  a r e  c o n t r o l l e d  by Saddle- 
back F.R.S. and 8.65 square mi les  a r e  above the d ive r s ion  proper.  

The d ive r s ion  c o n s i s t s  of  a  compacted e a r t h  
embankment varying from 2 t o  5.5 f e e t  i n  he igh t  and an  excavated 
e a r t h  channel of 3 f e e t  average depth varying i n  bottom width . 
from 35 t o  232 f e e t .  Design depth of flow f o r  the  SO-year 
event i s  3.5 f e e t .  The s lope  of the d ive r s ion  i s  .0017 f t . / f t .  
f o r  the f i r s t  544 f e e t ,  .000797 f o r  the next  956 f e e t ,  and -003 
f t . / f t .  t h e r e a f t e r .  

The d ive r s ion  i s  designed t o  s a f e l y  convey 
design d ischarges  without excessive scour  o r  excessive sediment 
deposi t ion.  However, geologic  condi t ions  show t h a t  some scour 
w i l l  i n i t i a l l y  occur i n  t h e  channel bottom followed by the  
formation of e r o s i o n  r e s i s t a n t  pavement. A t  the  o u t l e t  of the 
d ivers ion ,  f lood  flows w i l l  be r e l eased  over  unimproved range- 
l a n d  t o  a  drainageway l ead ing  t o  Centennial  Wash. Excessive 
scour i s  n o t  expected due t o  the presence of shallow depos i t s  
o f  ca l i che  conglomerate, g r a v e l l y  and cobbly m a t e r i a l ,  and very 
compact s i l t y  sands. The end of the d ive r s ion  embankment t i e s  
i n t o  a  b a s a l t  h i l l  and i s  p ro tec ted  by t h e  h i l l .  The low flow 
channel a t  the  end of the d ive r s ion  i s  on ca l i che  conglomerate 
and not  s u b j e c t  t o  excessive erosion.  

The d ive r s ion  w i l l  c ross  Courthouse Road 
through f o u r  1 0  f o o t  by 5 f o o t  concrete  box c u l v e r t s .  Rock 
r i p r a p  w i l l  be placed a t  the i n l e t  and o u t l e t  of the  c u l v e r t s  
a s  p r o t e c t i o n  a g a i n s t  l o c a l i z e d  scour. 

Construct ion w i l l  r e q u i r e  l a n d  r i g h t s  a c q u i r i -  
t i o n  on 177.3 a c r e s  of land. A n  a d d i t i o n a l  68 a c r e s  ( s t a t e  
Trus t  l a n d s )  w i l l  be requi red  a s  flowage right-of-way on the  
unimproved rangeland be tween the d ive r s ion  o u t l e t  and Centennial  
Wash. 



Of t h e  177.3 a c r e s  t o t a l ,  19  ac res  a r e  i n  
p r i v a t e  ownership, 42 a c r e s  a r e  S t a t e  Trust  l ands  adminis tered 
by the S t a t e  Land Department, 116 a c r e s  a r e  publ ic  l ands  
adminis tered by the U.S. Bureau of  Land Management, and an 
es t imated  . 3  a c r e s  a r e  under the  j u r i s d i c t i o n  of Maricopa 
County a t  the Courthouse Road box c u l v e r t  crossing. 

Of -the right-of-way required,  158 ac res  a r e  
unimproved rangeland. In s e c t i o n  4, T1 N ,  R ~ W ,  1 9  a c r e s  a r e  
i n  an  i n a c t i v e  subdivis ion,  however, the re  a r e  no improvements 
i n  the a r e a  t raversed  by the d ive r s ion  o the r  than bladed roads. 

No r e l o c a t i o n s  of people, businesses ,  o r  
farm opera t ions  w i l l  r e s u l t  from the cons t ruc t ion  of the  
d ivers ion .  

( 2 )  Centennial Levee 

Centennial Levee w i l l  be l o c a t e d  on the  west 
s i d e  of Harquahala Val ley t o  provide p r o t e c t i o n  from f lood-  
waters  t o  7,440 a c r e s  of l a n d  t h a t  a r e  e i t h e r  p resen t ly  being 
i r r i g a t e d  o r  have a  h i s t o r y  of i r r i g a t i o n .  Although the  levee 
w i l l  be cons t ruc ted  a s  a  continuous u n i t ,  f o r  purposes of 
d iscuss ion  i t  w i l l  be divided i n t o  two reaches. (See Projec t  
Map, P la te  5, and Figure P12. S t r u c t u r a l  Data i s  shown i n  
Table 111.) 

Reach 1 has a  nor theas t  t o  southwest trend. 
The l evee  begins j u s t  south of I n t e r s t a t e  1 0  and extends about 

~ - 

3.7 mi les  to-the cen tenn ia l  Wash f loodpla in .  The ' l evee  w i l l  
prevent  runoff from a 21 square mile r e s i d u a l  drainage a r e a  
downstream of  the Granite Reef Aqueduct from e n t e r i n g  the 
p r o j e c t  a rea .  

The levee  has  been l o c a t e d  f a r  enough t o  the 
west s o  a s  t o  p r o t e c t  a  proposed canal  t h a t  w i l l  d i s t r i b u t e  
water from the Grani te  Reef Aqueduct i n t o  Harquahala Valley. 

Reach 1 i s  designed t o  provide p r o t e c t i o n  
a g a i n s t  the 100-year f l o o d  event.  Design capaci ty  i s  7,540 c f s .  

The levee  f o r  Reach 1 c o n s i s t s  of a  compacted 
e a r t h  embankment varying i n  he ight  from 0 f e e t  t o  9.5 f e e t .  
Levee s lope i s  ,0002 f t .  / f t .  Average v e l o c i t y  of flow i s  1 .2 
f e e t  p e r  second. Veloci ty  of flow has been kept  very low t o  
prevent scour i n  the p r e v a i l i n g  l i g h t  s o i l s .  Extra embankment 
he igh t  has  been added t o  allow f o r  expected sediment depos i t ion  
behind the  levee.  

Reach 2 p a r a l l e l s  Centennial  Wash f o r  approxi- 
mately 5.75 miles .  It w i l l  prevent  t h e  e x i s t i n g  spreading of 
flow t h a t  p r e s e n t l y  occurs nea r  Al l i son  Tank. This condi t ion  
i s  descr ibed i n  the  Water and Related Land Resource Problems- 
Floodwater Damage s e c t i o n  of t h i s  statement.  ( ~ l s o  s e e  Figures 
1 and 2 , )  







Reach 2  w i l l  con f ine  Cen tenn ia l  Wash f lows  
t o  a d e f i n i t e  f l o o d p l a i n .  Drainage a r e a  a t  the  beginning of 
t h e  reach  i s  approx imate ly  652 square  miles .  This  exc ludes  
t h e  dra inage a r e a  on Centennia l  Wash above the  Bureau of Land 

I Management I s  dam n e a r  Wendon and I 6 6  square  m i l e s  t o  be c o n t r o l l e d  
by the  T i g e r  Wash Deten t ion  Basin  (U.S. Bureau of Reclamat ion) .  

Reach 2  i s  des igned t o  p r o t e c t  f o r  t h e  100-year 
f l o o d  even t .  Design c a p a c i t y  i s  26,400 c f s .  This  i n c l u d e s  
f l ow  d i v e r t e d  from Reach 1 .  

- - 

The l e v e e  f o r  iieach 2  c o n s i s t s  of a  compacted 
e a r t h  embankment va ry ing  i n  h e i g h t  from 2.5 f e e t  t o  9 f e e t .  
Maximum h e i g h t  occu r s  where t h e  curve i s  made i n t o  Reach 1  . 
(See P l a t e  5. ) The s l o p e  of Centennia l  Wash ave rages  .00248 
f t . / f t .  Ve loc i ty  of f low dur ing  the des ign  even t  w i l l  average  
3.5 f e e t  per  second. 

The embankment s e c t i o n  f o r  bo th  reaches  w i l l  
have a  1 0  f o o t  top  width ,  a n  upstream s i d e  s l o p e  of 4:1, and a  
downstream s i d e  s l o p e  of 3:1. 

Cons t ruc t i on  of the  l evee  embankment w i l l  
r e q u i r e  485,000 cub ic  ya rds  of f i l l ,  of which 325,000 cub ic  
yards  a r e  f o r  Reach 1  and  160,000 cub ic  ya rds  a r e  f o r  Heach 2. 
For Reach 1  , t h i s  m a t e r i a l  w i l l  come from channe l  c u t s  upstream 
from the  l e v e e  and w i t h i n  t he  r e q u i r e d  r i g h t - o f  -way l i n e .  A s  
t h i s  r each  i s  des igned ve ry  f l a t  wi th  s i l t a t i o n  expected,  channel  
s cou r  problems w i l l  n o t  occur.  However, on Reach 2 ,  pr imary 
concern i s  t o  e l i m i n a t e  channel  s c o u r  o r  head-cut  fo rmat ion ;  
t h e r e f  ore e x c a v a t i o n  by borrow channel  w i l l  n o t  be conducted.  
Borrow m a t e r i a l  f o r  Reach 2  can  be ob t a ined  from s e v e r a l  
sources .  The s o i l s  throughout  the  e n t i r e  a r e a  t r a v e r s e d  by 
the  l e v e e  a r e  b a s i c a l l y  s i m i l a r  s o  t h i s  i s  n o t  a  c o n t r o l l i n g  
f a c t o r .  One source  would be t o  expand the  channe l  c u t s  f o r  
Heach 1  and  h a u l  t he  m a t e r i a l  t o  Reach 2. Th is  would r e q u i r e  
h a u l  d i s t a n c e s  of up t o  6 miles .  The m a t e r i a l  cou ld  be o b t a i n e d  
by shal low borrow p i t s ,  e i t h e r  l o c a t e d  upstream of  t he  l e v e e  
w i t h i n  t he  f l o o d  easement l i n e  of Centennia l  Wash o r  downstream 
o f  t he  l e v e e  i n  a  combination borrow-level ing o p e r a t i o n  from 
downstream p r o p e r t i e s  o r  a g r i c u l t u r a l  l ands .  Reach 2  w i l l  
r e q u i r e  160,000 cub ic  yards .  This i s  e q u i v a l e n t  t o  abou t  120 
a c r e - f e e t  of m a t e r i a l  w i t h  al lowance f o r  compaction shr inkage .  
This  corresponds  t o  a  one f o o t  c u t  on 120  a c r e s ,  o r  a  two f o o t  
c u t  on 60 a c r e s ,  e t c .  

One source  of borrow f o r  both  Reach 1  and  
Reach 2  i s  from expans ion  and  deepening of A l l i s o n  Tank. This 
t ank  prov ides  va luab le  permanent s u r f a c e  wa te r  s t o r a g e  f o r  
l i v e s t o c k  and w i l d l i f e  ( s e e  Figure ~ 2 8 ) .  S i l t a t i o n  s i n c e  
c o n s t r u c t i o n  by t h e  C.C.C. i n  t h e  1930 's  has g r e a t l y  reduced 
s t o r a g e  c a p a c i t y .  A r e p r e s e n t a t i v e  of t he  owner o f -  t h i s  
impoundment has  v e r b a l l y  r eques t ed  t h a t  borrow m a t e r i a l  f o r  the 



cons t ruc t ion  of Centennial Levee be obta ined  from the confines  
of Al l i son  Tank t o  increase  the a v a i l a b l e  s torage.  T h i s  
would be a  benef i c i a l  endeavor. F ina l  design of the levee 
may incorpora te  borrow excavat ion from the  tank i f  the s o i l s  
a r e  s u i t a b l e  f o r  dike cons t ruc t ion  and t h e r e  a r e  no c o n f l i c t s  
with downstream water r i g h t s .  No such c o n f l i c t s  a r e  a n t i c i p a t e d .  
Securing of a l l  water r i g h t s  i s  the r e s p o n s i b i l i t y  of the p r o j e c t  
sponsors. 

2-149  (-Q-d/YC-CLk 
I - \  -94 Construction of Reach 1  w i l l  r equi re  l and  

s i t i o n  of approximately 348 a c r e s  of land,  inc luding  
&k \ ' 4 ; p r i v a t e  ownership, 126 a c r e s  of S t a t e  Trus t  lands  

1 - 1 by the S t a t e  Land Department, and 63 a c r e s  of 
I bhd. ' r? i c  lands adminis tered by the U.S. Bureau of Land 

Required r ight-of  -way i s  f o r  the a rea  encompassed 
R604 26* embankment, borrow channels and flowage l i n e  up 

.ear  frequency event.  A l l  348 a c r e s  a r e  unimproved 

%-\ - *  Q ., j-Je71c+, 

Construction of _Reach 2 w i l l  require  l and  
s i t i o n  on 6,307 a c r e s ,  inc luding  5,117 a c r e s  i n  

p r i v a t e  ownership (585 a c r e s  of p r e s e n t l y  i r r i g a t e d  cropland 
and 4,532 ac res  of unimproved rangeland o r  i d l e  c ropland) ,  1,152 
a c r e s  of S t a t e  Trust  land and 38 ac res  of f e d e r a l  publ ic  l and  
adminis tered by the U.S .  Bureau of Land Management. Of the 
t o t a l  land,  only about 98 a c r e s  a r e  r equ i red  f o r  a c t u a l  l evee  
cons t ruc t ion .  The remainder a r e  f o r  the 1  00-year frequency 
f lood d e l i n e a t i o n  on Centennial  Wash. (See Pla te  5. ) 

Reach 2 w i l l  be cons t ruc ted  on the e x i s t i n g  
f loodp la in  of Centennial Wash. The p r o j e c t  sponsors w i l l  
ob ta in  l and  r i g h t s  by flowage easements o r  f e e  simple t i t l e  
f o r  the  100-year frequency event  where s i g n i f i c a n t  changes i n  
flooding occur t o  p roper t i e s  a s  a  r e s u l t  of the p ro jec t  measure. 
The a f t e r - p r o  j e c t  100-year f lood  l i n e s  on Centennial Wash a r e  
shown on P la te  5. The d e l i n e a t i o n  covers  a  reach length  of 
approximately 13 miles. The major i ty  of these lands a r e  a l ready 
i n  the Centennial  Wash f loodp la in  and sub jec t  t o  floodwater 
damage under present  flow condit ions.  An u n o f f i c i a l  d e l i n e a t i o n  
of the 100-year f lood  l i n e s  under p resen t  condi t ions i s  a s  
shown on Figure 2. The Flood Control D i s t r i c t  of  Maricopa 
County i s  a n t i c i p a t i n g  o f f i c i a l  f l o o d p l a i n  de l inea t ions  p r i o r  
t o  p r o j e c t  construct ion.  These w i l l  s e rve  a s  a  bas i s  f o r  the 
before-pro j e c t  ( e x i s t i n g )  condi t ion.  The amount of l and  
purchased by fee  simple t i t l e  w i l l  vary, depending upon the 
outcome of indiv idual  nego t i a t ions  with a f f e c t e d  landowners. 
Flowage easement would not  preclude a l l  f u t u r e  productive uses 
of these lands.  

The c o s t  of ob ta in ing  l a n d  r i g h t s  f o r  Centen- 
n i a l  Levee i s  est imated a t  $712,450, of which $47,970 i s  f o r  
Reach 1  and $664,480 f o r  Reach 2. 
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No r e l o c a t i o n  of people, businesses,  o r  
farm operat ions w i l l  r e s u l t  from the cons t ruc t ion  of Centennial 
Levee. 

A 1 2  f o o t  by 15 f o o t  l o g  cabin  e x i s t s  i n  the 
middle of s e c t i o n  15, TlN,  R9Ws This s t r u c t u r e  i s  wi th in  the 
flowage easement l i n e  f o r  Centennial  Wash. Local v a l l e y  
r e s i d e n t s  r e l a t e  t h a t  t r a n s i e n t s  l i v i n g  i n  the cabin found the 
s t r u c t u r e  ( o r i g i n  unknown) l y i n g  i n  the d i t c h  along Gin Road 
and dragged i t  t o  i t s  cur ren t  loca t ion .  The provis ions of the 
Unif o m  Relocation Assistance and Real Property- Acquisi t ion 
Pol icy Act of 1970 - Public Law 91-646, a r e  deemed unapplicable.  
Costs f o r  removing the s t r u c t u r e  from the f loodp la in  w i l l  be 
t r e a t e d  a s  a  l and  r i g h t s  item. 

Hog pens have been cons t ruc ted  i n  the middle 
of s e c t i o n  25, TIN, R9W, a t  the south edge of a  s a l t  cedar 
t h i c k e t .  These pens a r e  w i t h i n  the 100-year flowage l i n e ,  but 
a r e  not  c u r r e n t l y  i n  use and do not  c o n s t i t u t e  a  flow obstacle .  
No c o s t s  a r e  included f o r  t h e i r  r e loca t ion .  

4. kvi ronrnenta l  Features  

The proposed p r o j e c t  h a s  the  p o t e n t i a l  t o  damage the 
n a t u r a l  environment, pr imar i ly ,  w i l d l i f e  populations and 
a e s t h e t i c  values.  Adverse impacts on w i l d l i f e  populations i n  
the  a r e a  a r e  genera l ly  propor t ional  t o  l o s s e s  of woody pseudo- 
r i p a r i a n  vegetat ion.  Spec i f i c  spec ies  of value a r e  mesquite, 
ironwood, paloverde and acac ia  t r e e s .  Impacts on a e s t h e t i c  
va lues  r e s u l t  pr imar i ly  from the  p ro t rus ion  of an unnatural  
shape i n t o  the e x i s t i n g  landscape o r  from a  change i n  the shape 
of the t e r r a i n .  T h i s  impact i s  compounded i f  the vegeta t ive  
p a t t e r n  on the changed landscape does not  blend w i t h  the su r -  
rounding n a t u r a l  a rea .  

Since changes i n  vege ta t ion  w i l l  produce the p r i n c i p a l  
impact on the n a t u r a l  environment, s e v e r a l  f e a t u r e s  and 
provis ions  w i l l  be incorpora ted  i n t o  the design and construc- 
t i o n  of the proposed s t r u c t u r e s  t o  minimize these impacts. 

~ l l  s t r u c t u r e  embankment s lopes  w i l l  be t r e a t e d  t o  
reduce r i l l i n g  and the adverse v i s u a l  departure  from the 
surrounding n a t u r a l  s e t t i n g .  Several  methods of such treatment 
have been u t i l i z e d  on o the r  s t r u c t u r e s  with varying r e s u l t s .  
S tudies  a r e  underway t o  determine the b e s t  method. The U.S. 
Bureau of Reclamation has e s t a b l i s h e d  vegeta t ive  t e s t  p l o t s  
on the  Paradise Valley Detention Mke. The S o i l  Conservation 
Service has  a l s o  e s t a b l i s h e d  vege ta t ion  p l a n t i n g s  on the 
Buckeye and Guadalupe S t r u c t u r e s ,  and t h e i r  Plant  Mater ials  
Center i s  conducting an  i n t e n s i v e  p l a n t i n g  and evalua t ion  
program. The Center i s  p r e s e n t l y  experimenting with gemina-  
t i o n  of ironwood t r e e s .  Resul t s  t o  da te  appear  very promising. 



E. Environmental S e t t i n g  

Harquahala - pronounced Har-kwa-hey-la, from Mohave 
Ind ian  word Ah-ha-qua-hale meaning "water t h e r e  i s  
high up. I' Referred t o  a sp r ing  on the  south s i d e  
of the  Harquahala Mountains. White man a t t empts  t o  
pronounce the ind ian  w o d  r e s u l t e d  i n  var ious  s p e l l -  
ings .  General ly  s p e l t  Harquahala s ince  about 1869. 

........ Arizona Place Names 

1.  Physical  Resources 

a .  Physical  S e t t i n g  2,7927,28 

Harquahala Valley Watershed i s  i n  west c e n t r a l  
Arizona, approximately halfway be tween Phoenix and the Colorado 
River. The watershed con ta ins  239,360 a c r e s  - 235,410 i n  Maricopa 
County and 3,950 a c r e s  i n  Yuma County. The watershed inc ludes  the 
southern end of the  Harquahala Mountains, the Big Horn Mountains, 
Burnt Mountain, the west s lopes  of Saddleback Mountains, and a 
broad a l l u v i a l  p l a i n  r e f e r r e d  t o  a s  the Harquahala P la ins .  

The watershed i s  wi th in  the  Gila Water Resource 
subregion of the Lower Colorado Region a s  def ined by the  U. S. 

a Water Resources Council. The Lower Colorado Region inc ludes  the 
S t a t e  of Arizona and p a r t s  of Nevada, Utah, and New Mexico. The 
Gi la  River,  the  l a r g e s t  sur face  water system i n  the Region, o r ig -  
i n a t e s  i n  western New Mexico and flows gene'rally west through 
Arizona t o  the Colorado River a t  Yuma. The Harquahala Valley 
Watershed i s  drained by Centennial  Wash which e n t e r s  the  Gila 
River approximately 10  mi les  southwest of Buckeye, Arizona. The 
watershed i s  approximately 23 miles  upstream on Centennial Wash 
from t h i s  po in t .  

The phys ica l  c h a r a c t e r i s t i c s  of the  Gila  subregion 
vary from the broad open expanses of the Sonoran Desert t o  high 
rugged mountains. Harquahala Valley Watershed i s  e n t i r e l y  w i  t h i n  
the Sonoran Desert  p o r t i o n  of the subregion. The watershed i s  
well-defined a s  a n  a r i d ,  remote s e t t i n g  wi th in  the subregion. Of 
the t o t a l  watershed a rea ,  85% could be proper ly  c l a s s i f i e d  a s  
uninhabited. 

There a r e  no towns i n  the watershed although some 
businesses  have been es tabl i shed .  The developed farming a r e a  i s  
about 40 mi les  west of Buckeye, populat ion 5,000, and 70 mi les  
west of Phoenix. 

The unincorporated community of Aguila i s  l o c a t e d  
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on U.S. Highway 60 about 5 miles  nor th  of the upper end of the 
watershed and 35 mi les  nor th  of Harquahala Valley. Access t o  
Aguila from the v a l l e y  i s  v ia  the  unpaved Eagle Eye Road. 

The unincorporated communities of Salome and Wenden, 
which a r e  a l s o  on U.S. Highway 60, a r e  l o c a t e d  11 mi les  northwest 
of the watershed a rea  and 35 miles  from Harquahala Valley. Access 
t o  Salome i s  v i a  the Buckeye-Salome Road. The p o r t i o n  of t h i s  
road w i t h i n  the watershed i s  unpaved. 

The f i r s t  se t t lement  i n  t h e  a r e a ,  Hamxsburg, was 
e s t a b l i s h e d  i n  1886 i n  a small va l l ey ,  l a t e r  c a l l e d  Harrisburg 
Valley,  where Centennial  Wash passes  be tween the  Harquahala and 
L i t t l e  Harquahala Mountains about 8 mi les  west of the western 
boundary of the watershed. The Bonauza, o r  Harquahala ve in  
system, was discovered i n  1888 and the mine became the  l a r g e s t  
i n  the a r e a ,  with a t o t a l  production of more than 2% m i l l i o n  
d o l l a r s  i n  gold,  mostly p r i o r  t o  1900. This f i n d  s t imula ted  i n t e r e s t  
i n  the a rea  and numerous smaller  mines were developed. 

The Arizona and Ca l i fo rn ia  Rai l road (now a p a r t  of 
the Atchison, Topeka, and Santa Fe Rai l road)  was completed through 
the McMullen Valley i n  1907 and the towns of Salome and Wenden 
were founded along the r a i l r o a d .  McMullen Valley i s  l o c a t e d  
about 1 0  miles  nor th  of the  watershed boundary. 

C a t t l e  ranching has been p r a c t i c e d  i n  the a rea  f o r  
many years .  The f i r s t  farming on the Harquahala P la ins  was an  
at tempt  a t  dry farming by homesteaders during the depression 
years  beginning i n  about 1928. Veterans were allowed 320 a c r e s  
and non-veterans were allowed 160 acres .  There were many home- 
s t eaders  i n  the v a l l e y  during the l a t e  1920's  and e a r l y  1930's.  
I n  the words of a r e s iden t  of  the a rea  during t h a t  per iod,  "1n 
the evening, the l o c a t i o n s  of homesteads appeared a s  a vas t  sea 
of l a n t e r n  l i g h t s  ac ross  the va l ley .  " 27/ - 

The remains of abandoned homesteads a r e  t o  be found 
throughout the area .  Some homesteaders had wel l s  f o r  domestic, 
s tock ,  and small gardens but ev iden t ly  no successful  a t tempt  was 
made t o  use groundwater f o r  i r r i g a t i o n .  A t  the abandoned Mosher 
homestead i n  s e c t i o n  31, T3N, Rq1rJ, the wel l  was repor tedly  dug 
e n t i r e l y  by hand t o  a depth of about  330 f e e t .  I n  the l a t e  
t h i r t i e s ,  we l l s  i n  the lower end of the v a l l e y  were developed f o r  
i r r i g a t i o n ,  but most of the water  was t r anspor ted  t o  l and  out of 
the Harquahala Valley. 

Concentra.ted a g r i c u l t u r a l  development began i n  the 
e a r l y  19501s,  with the f i r s t  wel l  being d r i l l e d  i n  1951. Develop- 
ment proceeded a t  a rap id  pace. By 1963, the i r r i g a t e d  l and  had 
increased  t o  about 19,000 a c r e s  and has  remained r e l a t i v e l y  s t a t i c  
s ince  t h a t  time. 



I n t e r s t a t e  Highway 1 0  was completed through t h e  
watershed i n  1973. U n t i l  t h a t  time, t h e  e n t i r e  watershed c o u l d  
only  be desc r ibed  a s  be ing  i n .  a remote a r e a .  There a r e  s e v e r a l  
county  roads ,  of which two, Courthouse Road and  Gin Road, a r e  
paved through the  developed a r e a s  o f  Harquahala Val ley.  A major 
gas  l i n e  of  t he  E l  Paso Na tu ra l  Gas Company system and a n  A.T.BT 
b u r i e d  main te lephone cab l e  a l s o  t r a v e r s e  t he  watershed.  The 
al ignment of  t he  a u t h o r i z e d  Gran i t e  Reef Aqueduct o f  the  C e n t r a l  
Arizona P r o j e c t  t r a v e r s e s  t h e  watershed about  5 m i l e s  n o r t h  of 
the  developed a g r i c u l  t u m l  a r e a s .  

b. Major S o i l  and Water Resource Problem Areas 

The major  problem a r e a  i n  the wate rshed  i s  on the  
p o r t i o n  of t h e  a l l u v i a l  f l o o d p l a i n  o f  Harquahala V a l l e y  which 
has  been h i g h l y  developed f o r  i r r i g a t e d  a g r i c u l t u r e .  The f l ood -  
p l a i n  i s  d i r e c t l y  below t h e  d e s e r t  mountains which produce 
f loodwaters  t h a t  e n t e r  the  f l o o d p l a i n  from the  nor thwes t  and  west .  
Na tura l ,  we l l -de f ined  f l o o d  channels  a r e  a lmos t  n o n e x i s t e n t  on 
and a d j a c e n t  t o  t h e  f l o o d p l a i n .  Floodriater  i s  p r i m a r i l y  over land  #- 
flow. The topography of t h e  f l o o d p l a i n  i s  such t h a t  r e g a r d l e s s  
of o r i g i n ,  t h e  f l oodwa te r  funne l s  down through t h e  c e n t e r  of  the  
developed farmland.  Grades a r e  s o  f l a t  t h a t  a lmos t  a l l  of the  
farmland i s  inunda t ed  by l a r g e  s torms.  

Land i s  being i n t e n s i v e l y  farmed and  i s  h i g h l y  
p roduc t ive .  A s  a  r e s u l t ,  f l o o d  damage t o  i r r i g a t i o n  systems,  
roads,  homes, and equipment i s  severe .  

c.  Topography 

E l e v a t i o n s  i n  t h e  watershed range f rom 1,050 f e e t  
on Centennia l  Wash t o  5,681 f e e t  i n  t he  Harquahala Mountains. 
Over 44 p e r c e n t  of t he  a r e a  i s  i n  t he  h i l l s  and  mountains where 
s l o p e s  range from 5 p e r c e n t  t o  v e r t i c a l .  

d. S o i l s  2,4940 

O n  t h e  mountains and mountain f o o t  s l o p e s ,  s o i l s  
a r e  rocky, cobbly  o r  g r a v e l l y  w i t h  shal low and  very  sha l low depths .  
I n  t he  s t e e p e r  a r e a s ,  a s  i n  the  Harquahala, Big Horn, Burnt ,  and  
Saddleback Mountain ranges ,  s o i l s  a r e  very  sha l low and  from 40 t o  
60 pe rcen t  of  t h e  s u r f a c e  i s  rock  outcrcq.  I n  t h e  l e s s  s l o p i n g  
a r e a s  t h e  s o i l s  a r e  from 4 t o  14 i n c h e s  deep and  have a t h i n ,  
medium, o r  modera te ly  coa r se  t e x t u r e d  g r a v e l l y  t o  s t o n y  s u r f a c e  
s o i l .  The deepe r  s o i l s  have a  medium o r  modera te ly  f i n e  g r a v e l l y  
t o  s tony  s u b s o i l .  Most of  t he  s o i l s  a r e  r e s i d u a l  on g r a n i t e ,  
g n e i s s ,  l imes tone ,  s c h i s t ,  a n d e s i t e ,  b a s a l t ,  o r  s h a l e .  Smoother 
s l o p e s  g e n e r a l l y  have a  dark  d e s e r t  va rn i sh  c o a t i n g  on t he  g r a v e l  



s u r f a c e s .  Local  a r e a s  of soils have a strongly cemented lime 
hardpan. S o i l s  here  a r e  only  s l i g h t l y  e r o s i v e .  The coa r se  
t e s t u r e s  of t h e  s o i l s ,  g r a v e l l y  s u r f a c e s ,  and l ime hardpans a r e  
f a c t o r s  which impeded e r o s i o n  i n  the  a r e a .  The s o i l s  have a  h igh  
runoff  p o t e n t i a l  because shal low s o i l s  and  rock  outcrops  have a 
very  slow r a t e  of water  t r ansmis s ion  and  very slow i n f i l t r a t i o n  
r a t e s  when thoroughly wet ted .  

Deep o r  moderate ly  deep s o i l s  on a l l u v i a l  outwash 
p l a i n s  c o n s t i t u t e  most of the  p l a i n s  a r e a .  Medium o r  moderate ly  
f i n e  s u r f a c e  s o i l s  and s u b s o i l s  a r e  found  on the  smoother s l o p e s  
n e a r  t he  c e n t e r  of t he  v a l l e y .  Coarse o r  moderately coa r se  
t e x t u r e d  s o i l s  comprise t he  upper f a n s  of  washes from the  g r a n i t i c  
mountains. Along the f o o t  of t he  mokntains, t h e r e  i s  u s u a l l y  a n  
a r e a  of shal low t o  moderate ly  deep r e s i d u a l  s o i l s .  These o f t e n  
have a medium t e x t u r e d  s u r f a c e  wi th  g r a v e l  t h a t  i s  covered wi th  
dark  d e s e r t  va rn i sh .  They have moderate ly  f i n e  t e x t u r e d  s u b s o i l s  
u n d e r l a i n  a t  1 2  t o  28 i nches  by a  s t r o n g l y  cemented l ime hardpan. 
Alluvium f o r  t he  v a l l e y  f i l l  s o i l s  o r i g i n a t e s  i n  the  g r a n i t e ,  
g r a n i t e  g n e i s s ,  s c h i s t ,  l imes tone ,  a n d e s i t e ,  b a s a l t ,  and s h a l e  
rocks of the a d j a c e n t  mountains. S l i g h t l y  t o  moderately e r o s i v e  
s o i l s  a r e  p r e s e n t .  Where t h e  l a n d  s l o p e  i s  r e l a t i v e l y  f l a t  and 
a  s h e e t  f low runoff  c o n d i t i o n  p r e v a i l s ,  e r o s i o n  i s  g e n e r a l l y  n o t  
s i g n i f i c a n t .  Erosion i s  a c t i v e ,  however, i n  some of t h e  channe ls  
and d i v e r s i o n s  cons t ruc t ed  i n  and  around the  c u l t i v a t e d  a r e a  where 
f l o o d  f lows a r e  concentra ted.  Genera l ly ,  t h e  s o i l s  have a  slow 
t o  very  slow r a t e  of wate r  t r ansmis s ion  and a  slow t o  very  slow 
i n f i l t r a t i o n  r a t e  when thoroughly we t t ed  because of moderately 
f i n e  t o  f i n e  t ex tu re .  These s o i l s  have a  moderately h igh  t o  h i g h  
runof f  p o t e n t i a l .  

e. Land C a ~ a b i l i t i e s  

Water i s  the  l i m i t i n g  f a c t o r  i n  t h i s  watershed. There 
a r e  approximately  60,000 a c r e s  of p o t e n t i a l  i r r i g a b l e  l a n d  i n  t he  
watershed of which about 40,000 a c r e s  a r e  l o c a t e d  i n  t he  f l a t t e r  
p o r t i o n s  of the  Harquahala P l a i n s  t h a t  would be h igh ly  p roduc t ive  
i f  s u f f i c i e n t  wate r  was a v a i l a b l e  f o r  development. The a r e a  i s  
i d e a l l y  s u i t e d  to  i r r i g a t e d  a g r i c u l t u r e  wi th  a  growing season  of  
about  31 0 days. 

f .  Geology 8 y 9  

Phys iographica l ly ,  sou thwes te rn  Arizona l i e s  i n  the 
Sonoran s e c t i o n  of the Basin and  Range Province and i s  c h a r a c t e r i z e d  
by nor thwest  t r end ing  mountains s e p a r a t e d  by wide a l l u v i a l  p l a i n s .  
The topography of the  a r e a  sugges t s  t h a t  t he  mountains a r e  t i l t e d  
o r  u p l i f t e d  f a u l t  blocks,  and  t h e  b a s i n s  a r e  t h e  downfaulted 
c o u n t e r p a r t s .  The mountains a r e  composed of a v a r i e t y  of  rock 
types.  The b a s i n s  a r e  f i l l e d  wi th  a l l uv ium from the weather ing 



and t r a n s p o r t a t i o n  of  rock m a t e r i a l  from a d j a c e n t  h ighlands .  

The p o r t i o n  of the Harquahala Mountains i nc luded  i n  
t he  watershed a r e a  i s  composed mainly  of  Pre-Cambrian g r a n i t e  
g n e i s s  and s c h i s t ;  Paleozoic  and Mesozoic s h a l e ,  q u a r t z i t e ,  l ime-  
s tone ;  and Laramide g r a n i t e  and r e l a t e d  c r y s t a l l i n e  rocks.  The 
p o r t i o n  of t h e  Big Horn Mountains inc luded  i n  t h e  watershed i s  
made up of Cretaceous andes i  t e  and andes i  t i c  t u f f ;  Pre-Cambrian 
g r a n i t e  and g r a n i t e  gne i s s ;  and Quaternary b a s a l t  wi th  smal l  
a r e a s  of r h y o l i t e ,  s h a l e ,  q u a r t z i t e ,  and l imes tone .  The Saddle- 
back Mountains a r e  composed mainly of Pre-Cambrian s c h i s t ,  
Cretaceous a n d e s i t e  and a n d e s i t i c  t u f f ,  and Quaternary b a s a l t .  
Burnt Mountain i s  composed of Quaternary b a s a l t .  

Gent le  a l l u v i a l  s lopes  ex tend  basinward from the  
mountains. Quaternary-Ter t iary  sand, g r a v e l ,  and conglomerate 
a r e  p r e s e n t  n e a r  t he  mountain f r o n t s  wi th  Quaternary clay, s i l t ,  
sand, and g r a v e l  occu r r ing  a t  t h e  lower e l e v a t i o n s .  

The maximum th ickness  of a l l u v i a l  m a t e r i a l s  i n  the  
b a s i n  i s  no t  known, a l though l i m i t e d  w e l l  l o g  d a t a  i n d i c a t e s  
basement rock  i n  exces s  of 2,000 f e e t  deep. The upper p a r t  o f  
the  a l l u v i a l  f i l l  i s  cons idered  t o  be of Quaternary age,  b u t  
a l l u v i a l  beds of  T e r t i a r y  age probably a r e  p r e s e n t  a t  depth.  

Vulcanism i s  be l i eved  t o  have begun i n  t he  Cretaceous 
p e r i o d  and t o  have cont inued i n t e r m i t t e n t l y  i n t o  t he  Quaternary 
pe r iod .  The e r a  of vulcanism was marked by minor s t r u c t u r a l  
movements and  p e r i o d s  of exp los ive  a c t i v i t y .  Some of the  t u f f s  
accompanying the  vulcanism probably were depos i t ed  i n  water .  
Basin and Range block f a u l t i n g  probably began i n  t h e  e a r l y  Ter- 
t i a r y ,  a l though  the  landforms r e s u l t i n g  from t h i s  a c t i v i t y  have 
s i n c e  been modif ied and i n  some p l a c e s  o b l i t e r a t e d .  The block 
f a u l t i n g  t h a t  produced the  p r e s e n t  mountains probably occurred 
a t  the  beginning of t he  Quaternary pe r iod .  Since t h a t  time 
e r o s i o n  of t h e  mountains and d e p o s i t i o n  of a l l u v i a l  m a t e r i a l  i n  
the  bas ins  have been t h e  p r i n c i p a l  geo log ic  a g e n t s  a t  work. 

g. Climate 

Climate i n  the  watershed i s  a r i d  wi th  average annual  
p r e c i p i t a t i o n  ranging  from 7.5 t o  1 0  inches .  During J u l y ,  August, 
and September, h i g h  i n t e n s i t y  thunderstorms and  d i s s i p a t i n g  
t r o p i c a l  d i s t u r b a n c e s  moving no r th  and e a s t  from t h e  Gulf of 
C a l i f o r n i a  and P a c i f i c  Ocean accourit f o r  the  h e a v i e s t  r a i n s .  Mean 
monthly p r e c i p i t a t i o n  i s  a s  fol lows:  



Month 

January 
February 
March 
Apri l  
WY 
June 
Ju ly  
Augus t 
Sep tenber  
October 
November 
December 

Mean P r e c i p i t a t i o n  
(Inches ) 

.92 

Total  7.96 

P r e c i p i t a t i o n  and temperature d i s t r i b u t i o n s  a t  Salome, 
15 miles nor th  of the watershed boundary, a r e  t y p i c a l  f o r  the 
watershed. Mean monthly temperatures range from 48.  OF. i n  January 
t o  88.1 OF. i n  July with a  mean annual temperature of 67.1 OF. The 
h ighes t  recorded temperature was 1 1 8 ~ ~ .  i n  1929 and the  lowest was 
1  OF. i n  1950. There a r e  an  average of 321 days with minimum 
temperatures above 28% Estimated annual mean r e l a t i v e  humidi t ies  
a r e  46 percent  a t  6:OO A.M. and 21 percent  a t  6:00 P.M. 

h. Mineral Resources 

The mineral  resources of the watershed were i n v e s t i -  
ga ted  i n  1967 by the Bureau of Mines, U.S. Department of the 
I n t e r i o r ,  a s  p a r t  of t h e  agency's review of the  o r i g i n a l  watershed 
work plan. Comments made by the  Bureau a r e  paraphrased below: 

1 .  The Aguila manganese d i s t r i c t  i s  s i t u a t e d  i n  
the nor th  c e n t r a l  p a r t  of the watershed area .  This 
d i s t r i c t  cen te r s  around the township, T ~ N ,  R9W. 
About 25 manganese mines occur i n  the d i s t r i c t  from 
which about 35,000 tons of ore have been obtained. 
The mines i n  t h i s  d i s t r i c t  a r e  now i d l e .  

2. Several  gold mines occur i n  the same a rea  a s  
the manganese mines. Production records a r e  very 
poor, but one mine ( E l  Tigre)  y ie lded  ore valued 
a t  nea r ly  $15,000 i n  1923. It  i s  probable t h a t  
the t o t a l  d i s t r i c t  production of gold i s  l e s s  than 
$1 00,000 . 
3. I n  1953, s e c t i o n s  20, 21, 22, 23, 28, 29, 31, 
and the  nor th  ha lves  of sec t ions  26 and 27, T ~ N ,  R9W 



were covered wi th  p l a c e r  c la ims .  The 32 p l a c e r  
c la ims ,  c a l l e d  the  Black Magic Group, were h e l d  
i n  1953 by the  Black Magic Mining A s s o c i a t i o n  of 
Phoenix, Arizona. Another group of c l a ims ,  t h e  
E. N. Greenleaf group,  was l o c a t e d  s o u t h  of  t h e  
Black Magic c la ims.  T h o r i t e  and monazite had 
been r e p o r t e d  i n  the  b l ack  sand,  b u t  n e i t h e r  was 
found i n  f i v e  samples t aken  by a Bureau of Nines 
eng inee r  i n  a 1953 examination.  Most of t he  
b lack  sand  was found  i n s t e a d  t o  c o n t a i n  magne t i t e ,  
and  the  s l i g h t  r a d i o a c t i v i t y  was due t o ,  o r  a s so -  
c i a t e d  w i th ,  sphene and a l t e r e d  z i r con .  No o r e  
r e s e r v e s  cou ld  be c a l c u l a t e d  f o r  the  Black Magic 
c la ims.  

4. A few copper p r o s p e c t s  a r e  l o c a t e d  h i g h  on 
the  n o r t h  f l a n k  of Saddleback Mountain. 

~t the  p r e s e n t  time, t h e r e  a r e  no known mining opera-  
t i o n s  be ing  conducted i n  the  watershed.  

i. Land Use 2,4932 

The watershed c o n t a i n s  239,360 a c r e s .  Of t h e  t o t a l ,  
19,000 a c r e s  (7.9$) i s  i r r i g a t e d  c rop land  of  which about  1 ,500  
a c r e s  were i d l e  i n  1974. (See Land S t a t u s  and  Resources Un i t  
Map - Appendix B. ) 

Road right-of-way occupies  3,760 a c r e s  (1.6%). 
Approximately 0.8 p e r c e n t  of t h e  t o t a l  watershed a r e a ,  o r  1 ,600 
a c r e s ,  h a s  been approved f o r  s u b d i v i s i o n  by the Maricopa County 
Planning and  Zoning Commission. A l l  of t h i s  i s  l o c a t e d  i n  Harqua- 
h a l a  Val ley .  Except f o r  a  few i s o l a t e d  houses and  mobile homes, 
t he se  s u b d i v i s i o n s  have n o t  been developed. 

Of the t o t a l  watershed a r e a ,  21 3,500 a c r e s  (89%) i s  
unimproved d e s e r t  c l a s s i f i e d  a s  mul t ip le -use  l a n d  p r i m a r i l y  f o r  
l i v e s t o c k  g r a z i n g ,  w i l d l i f e ,  and l i m i t e d  r e c r e a t i o n .  Some of t h i s  
a r e a  i s  w i t h i n  t he  h i g h e r  e l e v a t i o n s  of t h e  Saddleback and  Big 
Horn Mountains which a r e  too s t e e p  and rugged f o r  c a t t l e .  

Approximately 1 ,500  a c r e s  (0.6%) a r e  occupied by 
fa rmsteads ,  bus ines se s ,  o l d  mines, and o t h e r  mi sce l l aneous  uses.  

1. Su r f ace  Water Resources 2 9 4  

The term t o  b e s t  de sc r ibe  the  s u r f a c e  w a t e r  r e sou rces  
11 i n  t h i s  wate rshed  i s  "meager. There a r e  no p e r e n n i a l  s t reams .  

The average  annua l  runo f f  from the  t o t a l  wa te rshed  e n t  e n n i a l  
Wash i s  approx imate ly  0.1 i nches  p e r  y e a r  which i s 0  p e r c e n t  of 
the  average  annual  r a i n f a l l .  

A w w i l - - b d  quh.&.(<%fb : 2631 41' f P , &  
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There a r e  nurnerous i n t e r m i t t e n t  flow washes i n  the 
watershed with c h a r a c t e r i s t i c s  t y p i c a l  of the  semi-arid s e t t i n g .  
The major washes head i n  the Harquahala, Big Horn, and Saddleback 
Mountains. Surface water flows occur a f t e r  in tense  thunderstorms 
o r  prolonged r a i n s .  From the  mountains, the wash channels inc rease  
i n  s i z e  a t t a i n i n g  maximum width a t  s lopes  of about one percent..  
When s lopes  approach .5 percent ,  the flows can no longer  s u s t a i n  
heavy bedload t r anspor t  and the channels f a n  o r  b ra id  out i n t o  

6" 
smal le r  i l l - d e f i n e d  washes. Bedload depos i t s  remain i n  the drainage 
p a t t e r n  and r e s u l t  i n  constant  s h i f t i n g  of channels. 

The e n t i r e  watershed i s  t r i b u t a r y  t o  Centennial Wash 
which forms the southwestern boundary f o r  about 17 miles.  Centen- 
n i a l  Wash i s  an ephemeral stream with most of i t s  drainage 'area 
ou t s ide  of the  Harquahala Valley Watershed boundary. The d ra inage  
a r e a  above Harquahala Valley exceeds 700 square miles.  .& ),/iereS' - -- ~ r 3 A  = 7 9 j V c l  - w 

Tiger Wash i s  the main wash wi th in  the watershed 
boundary. The wash o r i g i n a t e s  i n  the Harquahala and Big Horn 4 
Mountains and d ra ins  the extreme nor thern  and western a reas  of UJbI M't 
the watershed. Major t r i b u t a r i e s  a r e  Browns Canyon Wash and Pump 
Mine Wash. A t  the developed a r e a s  i n  Harquahala Valley, Tiger 
Wash has a drainage a r e a  of about 160 square n i l e s  with a l e n g t h  
of 35 miles.  I n  the  upper reaches,  Tiger Wash i s  well-defined. 
However, a s  the wash leaves  the mountains a t  a narrow gap between 
the  Harquhala and Big Horn Mountains and e n t e r s  the f l a t t e r  
Harquahala Plains  a r e a ,  the wash b r a i d s  out i n t o  severa l  smal ler  
washes; therefore ,  flows from Tiger  Wash e n t e r  the downstream 
Xarquahala Valley a rea  a t  widely separa ted  po in t s  i n  a shee t  
flow condition.  

There a r e  seventeen manmade s tock watering tanks 
s c a t t e r e d  over the watershed. This equates  t o  one surface water  
impoundment f o r  every 22 square miles  of a rea .  Eight a r e  i n  the  
lower Harquahala P la ins  a rea  and the remainder i n  the upper por t ions  
of the watershed. Six teen  of  the  tanks a r e  s o l e l y  dependent upon 
sur face  water  runoff.  The except ion i s  a small tank loca ted  a t  
the southeas t  corner  of the watershed i n  s e c t i o n  30, TIN,  R ~ W .  
This tank i s '  maintained by i r r i g a t i o n  t a i l w a t e r  and consequently 
has  a more permanent nature than the o thers .  

The t o t a l  a rea  of semipermanent sur face  water i s  
es t imated  a t  no more than 10  a c r e s ,  
compared t o  the t o t a l  watershed a r e a  

There a r e  f i v e  n a t u r a l  sp r ings  i n  the watershed. 
A l l  f i v e  a r e  l o c a t e d  i n  the Harquahala Nountains a t  e l e v a t i o n s  
above 3)500 f e e t .  

k. Groundwater Resources 29498,991 0)11 

The Harquahala Val ley watershed, f o r  the purpose of 

a 



a however, t h e  Maricopa County Planning and Zoning Department 
p r o j e c t s  t h e  watershed t o  remain l a r g e l y  i n  i t s  e x i s t i n g  s t a t e  
a s  uninhabi ted rangeland and i r r i g a t e d  a g r i c u l t u r e .  

The twenty farm operat ions on 19,000 a c r e s  of crop- 
l and  w i t h i n  the  watershed a r e  cooperators  with the  Buckeye- 
Roosevelt Natural  Resource Conservation D i s t r i c t .  Ten of 
the cooperators  have developed conservat ion p lans  on more than 
11,000 a c r e s .  One of the  above t e n  cooperators  has  e n t e r e d  
i n t o  a long-term agreement with the Agr icu l tu ra l  S t a b i l i z a t i o n  
and Conservation Service,  i n  which he i s  o b l i g a t e d  t o  accomplish 
the  planned l a n d  t reatment .  An a d d i t i o n a l  f i v e  a c t i v e  cooper- 
a t o r s  a r e  now developing conservat ion plans.  Nearly 9,000 
ac res  a r e  considered t o  be adequately t r e a t e d  a t  the p resen t  
time. 

There are s ix  ranching operat ions u t i l i z i n g  the non- 
cropland w i t h i n  the watershed. Investments made t o  da te  by 
these opera to r s  have been p r imar i ly  l i m i t e d  t o  development of 
l i v e s t o c k  water ,  fencing,  and a p p l i c a t i o n  of proper  graz ing  
use. 

9. P r o j e c t s  of Other Agencies 2,3331 

a No p r o j e c t s  have been completed by o t h e r  agencies  
i n  the watershed. The Granite Reef Aqueduct of the  author ized  
Central  Arizona P r o j e c t  w i l l  t r ave r se  the watershed from west 
to  eas t .  The aqueduct w i l l  be a concrete  l i n e d  cana l ,  24 f e e t  
bottom width and 16.43 f e e t  deep. Design capac i ty  i s  3,000 
cubic f e e t  p e r  second. A 20 f o o t  diameter tunnel i s  proposed 
through Burnt Mountain. The aqueduct w i l l  be l o c a t e d  immed- 
i a t e l y  downstream from Harquahala F.R.S. f o r  approximately 
a 10% mile  reach l e n g t h  from Buckeye-Salome Road eastward t o  
Burnt Mountain. The emergency sp i l lway f o r  Harquahala F.R.S. 
w i l l  d ischarge i n t o  the  aqueduct. 

The U.S. Bureau of Reclamation i s  cons t ruc t ing  a f lood-  
water r e t a r d i n g  dike ( ~ i g e r  Wash Detention Basin) upstream of 
the aqueduct and extending from Buckeye -Salome Road westward 
t o  Centennial Wash. Total  drainage a r e a  above the d ike  i s  166 
square mi les ,  of which 140 square mi les  a r e  wi th in  the  boundaries 
of the Harquahala Val ley Watershed. The dike w i l l  c o n t r o l  the 
Tiger  Wash drainage area .  Floodwater r e l e a s e s  and the  emergency 
spi l lway w i l l  o u t l e t  i n t o  Centennial Wash upstream from where 
I n t e r s t a t e  1 0  c rosses  the wash. The dike w i l l  be l o c a t e d  
approximately 6 mi les  upstream from Centennial  Levee. This 
s t r u c t u r e  w i l l  reduce the drainage a rea  and t h e r e f o r e  the 
i n s t a l l a t i o n  cos t  of  Centennial  Levee. Construct ion began i n  
August 1976. (See P r o j e c t  Map.) 

The Harquahala Valley I r r i g a t i o n  D i s t r i c t  has  prepared 
a pre l iminary  i r r i g a t i o n  water d i s t r i b u t i o n  p lan  f o r  the 



d i s t r i b u t i o n  of water from the  Grani te  Reef Aqueduct. I n  
genera l ,  the p lan  is  designed t o  take advantage of the  f l o o d  
c o n t r o l  s t r u c t u r e s  c u r r e n t l y  proposed. Detai led designs w i l l  
be prepared when a  f i r m  a l l o c a t i o n  of  Central  Arizona Pro jec t  
water i s  made t o  the D i s t r i c t .  Centennial  Levee has been 
l o c a t e d  immediately upstream from the  proposed canal  on t h e  
west s i d e  of the  val ley.  The l evee  w i l l  provide f lood 
p r o t e c t i o n  f o r  about a  3.7  mile l e n g t h  of the  canal. On the  
e a s t  s i d e ,  Saddleback F.R.S. and Saddleback Diversion would 
p r o t e c t  about a  10.8 mile reach i f  a  canal  i s  t o  be l o c a t e d  
below these s t r u c t u r e s .  P ro tec t ion  t o  the proposed i r r i g a t i o n  
l a t e r a l s  and assoc ia ted  f a c i l i t i e s  would be provided by a l l  
of the  p r o j e c t  s t r u c t u r a l  measures. 

Two l a r g e  floodwater r e t a r d i n g  r e s e r v o i r s  and th ree  
water  spreading systems, cons t ruc ted  by the Bureau of Land 
Management, a r e  loca ted  on Centennial  Wash. One s t ruc tu re*  
i s  l o c a t e d  11 miles  nor theas t  of the  town of Wenden. The 
o t h e r  i s  7 mi les  southeas t  of the town of Salome cr arrows 
Dam). Although the dams a r e  not  l o c a t e d  i n  the  watershed, 
t h e i r  de tent ion  capaci ty  does provide the  lower a g r i c u l t u r a l  
a r e a  of  the watershed some p r o t e c t i o n  from Centennial Wash 
f looding.  

F. Water and Related Land Resource Problems 

1. Land and Water Management 294 

A major por t ion  of the watershed i s  rangeland. 
Because of c l ima t i c  condi t ions  the  a r e a  supports  few peren- 
n i a l  g r a s s e s  and forbs .  P r inc ipa l  p l a n t s  a r e  c h i e f l y  d e s e r t  
shrubs and t r e e s .  Heavy use of the range by l i v e s t o c k  has  
f u r t h e r  reduced the amount of p a l a t a b l e  vegetat ion.  A l l  of 
the range s i t e s  i n  the proposed s t r u c t u r e  a r e a  a r e  p r e s e n t l y  
i n  poor o r  f a i r  condi t ion.  Most of t h e  grazing i s  during the 
sp r ing  when the g rasses  a r e  most abundant. 

Changes i n  vege ta t ion  types and amounts have been 
cha rac te r i zed  by a  reduct ion of  pe renn ia l  g rasses  and d e s i r a b l e  
shrubs and an inc rease  i n  annual g r a s s e s  and unpalatable  
shrubs,  such a s  creosotebush. These vege ta t ive  changes have 
inc reased  the a l r eady  l a r g e  amount of bare s o i l  sub jec t  t o  
erosion.  

Improved management of  the l a n d  and the establ ishment  
of vegeta t ion  i s  necessary i n  many a r e a s  t o  improve cover 
condi t ions.  Economic r e t u r n  p e r  a c r e  on these dese r t  l a n d s  
i s  low. (Most grazing i s  done on an  open range bas is .  ) Ranchers 
cannot a f f o r d  t o  spend l a r g e  sums of money t o  t r e a t  the  land.  

*NOTE: This s t r u c t u r e  f a i l e d  i n  Ju ly  1975. 
been repai red .  



I n  the  i r r i g a t e d  a r e a s ,  the  l a c k  of a dependable 
water supply and reoccurr ing  f loodwater  damages l i m i t  t h e  
a b i l i t y  of landowners and opera to r s  t o  o b t a i n  maximum economic 
r e t u r n  from the land.  Although the  l a n d  i s  h igh ly  product ive,  
i r r i g a t e d  farming i n  the d e s e r t  r e q u i r e s  considerable  expendi- 
tures .  Pumping c o s t s  a r e  high. Well es tabl ishment  and t h e  
deepening of  e x i s t i n g  we l l s  i s  expensive. Mechanized farming 
requ i res  l a r g e  investments i n  machinery and r e l a t e d  opera t ion  
and maintenance cos ts .  A l l  of these necessary  expenses d e t r a c t  
from the i n s t a l l a t i o n  of l a n d  t reatment  measures and o t h e r  
farm improvements. 

2. Floodwater Damage 2 ~ 4 . ~ 7 9 ~ ~  

Floodwater damage i n  the watershed i s  concentrated 
i n  the Harquahala Valley since t h i s  area is the only p a r t  of 
the watershed where development has  occurred. 

The major i ty  of the l and  i n  the v a l l e y  i s  considered 
a s  f l o o d p l a i n  land. Grades a r e  s o  f l a t  t h a t  almost a l l  of 
the farmland i s  inundated by the l a r g e r  storms. Natural  
well-defined f l o o d  channels a r e  almost nonexis t en t .  

On the  e a s t  s i d e  and south of Courthouse Road, f lood-  
waters  from t h e  west s lopes  of Saddleback Mountain e n t e r  the  
v a l l e y  v ia  numerous small washes on approximately a 5 mile  
f r o n t .  Total  drainage a r e a  above the per imeter  of the v a l l e y  
i s  about 11.0 square miles .  Floodwater damage occurs t o  
i r r i g a t e d  farmland and a p a r t i a l l y  developed subdiv is ion  
l o c a t e d  i n  s e c t i o n  8, T l N ,  R ~ W .  

On the  e a s t  s i d e  and nor th  of Courthouse Road, f lood-  
waters  a r e  generated from the  nor th  s lopes  of Saddleback 
Mountain, the  south and e a s t  s lopes  of Burnt Mountain, the  
a l l u v i a l  f a n  between the mountains, and a n  a l l u v i a l  f a n  a r e a  
on the e a s t  s i d e  of the Big Horn Mountains. Total  drainage 
a r e a  above the  per imeter  of  the v a l l e y  i s  about 30.3 square 
miles.  Concentration of  f l o o d  flows occur a t  th ree  major 
loca t ions .  A small d ive r s ion  along the  west s e c t i o n  l i n e  of 
s e c t i o n  34, TZN, R ~ W ,  d i r e c t s  runoff  northward i n t o  a channel 
running west a long the  n o r t h  s e c t i o n  l i n e s  of s e c t i o n s  32 and 
33, T2N, R ~ W .  The channel decreases  i n  s i z e  and capac i ty  a s  
i t  e n t e r s  t h e  i r r i g a t e d  a r e a s  and even tua l ly  becomes nonexistent .  
There i s  a l s o  a small d ive r s ion  running nor th  t o  south  a long 
the e a s t  s e c t i o n  l i n e  of s e c t i o n  20, T2N, R ~ W ,  t h a t  funne l s  
floodwater down i n t o  the i r r i g a t i o n  areas .  The t h i r d  p o i n t  of 
concent ra t ion  occurs around the nor theas t  q u a r t e r  of s e c t i o n  19, 
T2N, ROW, r e s u l t i n g  from a d ive r s ion  cons t ruc ted  around the  
southwest q u a r t e r  of s e c t i o n  17, T2N, R ~ W .  

Floodwaters occurr ing  i n  the n o r t h  p a r t  of  the v a l l e y  
o r i g i n a t e  i n  the Big Horn Mountains and a l a r g e  a l l u v i a l  a r e a  



between the mountains and I n t e r s t a t e  10. Floodwater must 
pass  through about a 5 mile reach of I n t e r s t a t e  10 before 
e n t e r i n g  the  va l ley .  I n  t h i s  reach, t h e r e  a r e  concrete  box 
c u l v e r t s  a t  1 2  major wash crossings.  Pipe c u l v e r t s  a r e  l o c a t e d  
a t  numerous, sma l l e r  reach crossings.  The drainage a r e a  above 
t h i s  reach i s  about 48.5 square mi les .  

A major concent ra t ion  of flow occurs j u s t  west of the 
Buckeye-Salome Road overpass; Ten 1 0  f e e t  by 5 - f e e t  concrete  
box c u l v e r t s  under I n t e r s t a t e  1 0  funnel  f loodwater southward 
i n  a channel ad jacent  t o  Gin Road. 

Floodwater e n t e r s  the  northwestern p a r t  of the  v a l l e y  -$' pr imar i ly  a s  shee t  flow on about a 3 mi le  f r o n t .  Tota l  
drainage a r e a  a f f e c t i n g  the  northwest s i d e  i s  about 92 square 
mi les  measuring from the  northwest edge of the i r r i g a t e d  lands.  
Contr ibut ing drainage a r e a  inc ludes  the Big Horn Mountains and 
a l a r g e  a l l u v i a l  f a n  a r e a  between the  mountains and the va l l ey .  
Drainageways a r e  i n t e r s e c t e d  by about 4 mi les  of I n t e r s t a t e  1 0  
between the Gin Road box c u l v e r t s  and the  middle of s e c t i o n  35, 
T3N, RlOW. Pipe c u l v e r t s  a r e  l o c a t e d  a t  many small wash 
cross ings ,  however, t h e  only major d r a i n  i s  through f i f t e e n  
10  f e e t  by 5 f e e t  concrete  box c u l v e r t s  loca ted  approximately 
where I n t e r s t a t e  10  crosses  the  nor th  s e c t i o n  l i n e  of s e c t i o n  1 ,  
T2N, RlOW.  

The v a l l e y  i s  p a r t i c u l a r l y  vulnerable  t o  damage from 
the west where two l a r g e  drainage a r e a s ,  Tiger Wash and 
Centennial  Wash, en te r .  

Tiger  Wash d r a i n s  the nor the rn  and western p a r t s  of 
the watershed. The wash i s  well-defined u n t i l  i t  l eaves  the  
mountains and e n t e r s  the f l a t t e r  Harquahala P la ins  where 
bra id ing  of flow occurs i n  s e c t i o n  4, T ~ N ,  RIOW, and the  wash 
s p l i t s  i n t o  two separa te  forks.  The e a s t  fork  cont inues ac ross  
the Harquahala P la ins  and e n t e r s  Harquahala Val ley a s  p r i m a r i l y  
shee t  flow through s e c t i o n  19, TZN, R9W, and s e c t i o n  24, TZN, 
R1 OW. The wash c rosses  I n t e r s t a t e  1 0  through twelve 1 0  f e e t  
by 5 f e e t  concrete  box c u l v e r t s  l o c a t e d  i n  s e c t i o n  34, T3N, 
R1OW. The west f o r k  e n t e r s  Centennial  Wash on a broad f r o n t  
seve ra l  mi les  northwest of the  i r r i g a t e d  lands  i n  the va l ley .  
The t o t a l  drainage a r e a  of Tiger  Wash above the  west s i d e  of 
the i r r i g a t e d  l ands  i s  about 160 square miles.  Floodwater from 
t h i s  drainage a r e a  e n t e r s  the va l l ey  e i t h e r  a s  d i r e c t  s h e e t  
flow o r  comingled with flow from Centennial  Wash. 

, Centennial  Wash e n t e r s  the v a l l e y  from t h e  west and 
serves  a s  a d r a i n  f o r  the e n t i r e  watershed. The t o t a l  drainage 
a r e a  of  Centennial  Wash a t  Gin Road, including Tiger Wash, i s  
about 835 square miles.* A major d i v i s i o n  of flow occurs i n  

*NOTE: Drainage a rea  a s  shown f o r  Centennial  Wash i s  t h a t  
downstream from the U.S. Bureau of Land Management dam 
near  Wendon. 



Centenni-a1 Wash a t  Al l i son  Tank where f loodwater  goes n o r t h  

a and south around the tank. The nor th  d i v i s i o n  cont inues due 
e a s t  f o r  s e v e r a l  mi les  and swings southward through the h e a r t  
of the i r r i g a t e d  l ands  i n  Harquahala Valley. A l l  along t h i s  
e a s t e r n  pa th ,  t h e  f l o o d  flows continuously spread over  t h e  
val ley.  Under high s tage,  f loodwater advances on a broad 
f r o n t  of approximately 3'5 miles  i n  width ac ross  the va l l ey .  4e 
The 100-year frequency f l o o d  on Centennial  Wash would inundate  
an es t imated  8,000 a c r e s  of i r r i g a t e d  l a n d  i n  Harquahala 
Valley. (See Figure 2. ) The extreme v u l n e r a b i l i t y  of t h e  
v a l l e y  t o  f l o o d  flows from the Centennial  Wash and Tiger  Wash 
drainage a r e a  i s  i l l u s t r a t e d  on Figure 1 ,  which d e p i c t s  the  
a c t u a l  pa th  of  the  1960 f lood.  The frequency of t h i s  f l o o d  
was not  determined, however, i t  was n o t  a r a r e  occurrence. 

The t o t a l  drainage a rea  a f f e c t i n g  Harquahala Val1 ey 
i s  summarized below: 

Area Drainane Area 

East  Side 
South of Courthouse Road 11 .0 square mi les  - 
North of Courthouse Road 30.3 l I I I 

North Side 48.5 11 I1 

Northwest Side 92.0 I1 11 

West Side 
Tiger  Wash 
Centennial  Wash 

- 
Total 1 ,016.8 square mi les  

%NOTE: Drainage a r e a  a s  shown f o r  Centennial  Wash i s  
t h a t  downstream from the  U.S. Bureau of Land 
Management dam near  Wendpn. e 2 

The farmland i s  h igh ly  product ive and i s  being i n t e n -  
s i v e l y  farmed. Most of the  i r r i g a t i o n  d i t c h e s  a r e  concre te  
l ined .  Farm roads a r e  wel l  maintained. Expensive homes have 
been b u i l t  on many of the farms. Each farm has  a l a r g e  inventory 
of expensive equipment t h a t  i s  vulnerable  t o  f looding.  Regard- 
l e s s  of where a storm may c e n t e r ,  sediment l a d e n  f loodwater  
flows ac ross  the f loodp la in .  Crops a r e  e i t h e r  damaged o r  
destroyed. Concrete l i n e d  i r r i g a t i o n  d i t c h e s  a r e  broken and 
f i e l d  d i t c h e s  and furrows a r e  eroded. Floodwater e i t h e r  scours  
o r  depos i t s  sediment on county and farm roads.  Floodwater flows 
through homes damaging s t r u c t u r e s ,  contents ,  and yards.  Mechan- 
i c a l  p a r t s  and i n t e r i o r s  of vehic les  a r e  damaged. Sheep and 
o t h e r  l i v e s t o c k  drown. Fences and farm s t r u c t u r e s  a r e  damaged. 

A storm expected t o  occur once every  100 yea r s ,  on 
the average, w i l l  inundate 16,000 c u l t i v a t e d  a c r e s  and cause 
damages es t ima ted  a t  $2,638,000. This would s e r i o u s l y  a f f e c t  
the economy of  t h i s  watershed f o r  severa l  years.  



A storm expected t o  occur once every o the r  y e a r  w i l l  
inundate 3,050 c u l t i v a t e d  ac res .  Damages est imated a t  $503,000 
would r e s u l t  from a storm of t h i s  s i z e .  

/ 

The p r i n c i p a l  f loodwater damage r e s u l t s , '  from overland 
flow during high i n t e n s i t y  summer storms, A n  es t imated  48 
percen t  of  a l l  f loods  a r e  expected t o  occur during the months 
of July,  August, and September. 

The h i s t o r y  of f looding i n  the  v a l l e y  coinc ides  with 
the  h i s t o r y  of development. The accounts of a r e s i d e n t  of the 
a r e a  during the homesteading pe r iod  descr ibe  the washing away 
of a farmhome during a f lood  on Centennial  Wash i n  the  1930's.  

I n  1951 heavy r a i n s  f e l l  i n  the  mountains t o  the n o r t h  
and e a s t  of Harquahala Valley and caused a f lood  i n  Centennial 
Wash. The f loodwaters  f l o a t e d  out  one mile of 26-inch and 
30-inch diameter p ipe  of the El  Paso Natural  Gas Company. Cost 
of r e p a i r s  t o t a l l e d  approximately $200,000. 

In  1960 a storm washed out  8 miles  of Gin Road from 
S a l m e  Road t o  Centennial Wash. The storm a l s o  washed out 
about 4 mi les  of Courthouse Road and uncovered Arizona Public  
Service gas l i n e s  which had t o  be r epos i t ioned  and recovered. 
The a c t u a l  a rea  inundated from flows t h a t  occurred on Centennial 
and Tiger  Washes i s  shown on Figure 1 . 

The storm of September 9 and 10, 1963, caused extensive 
damage. E l e c t r i c a l  power t o  the v a l l e y  was 10s  t f o r  32 hours 
due t o  downed l i n e s .  Five mi les  of concrete  i r r i g a t i o n  d i t c h  
was washed out o r  damaged. Floodwaters inundated 5,753 
i r r i g a t e d  a c r e s  and caused a n  es t imated  $442,600 i n  damages. 

An August 26, 1964, storm which inundated 8,400 
c u l t i v a t e d  a c r e s  was the p r i n c i p a l  storm evaluated.  (See 
Figure 3.  ) During t h i s  storm 2.5 inches  of r a i n  f e l l  on the  
south s lopes  of Burnt Mountain and produced a peak discharge 
of about 7,000 c f s .  Floodwater, sediment, e ros ion ,  and 
i n d i r e c t  damages amounted t o  approximately $883,500. More 
than f o r t y  mi les  of farm roads were damaged. About 10  mi les  
of concrete  l i n e d  d i t c h  and 70 mi les  of e a r t h  d i t c h  were e i t h e r  
destroyed o r  f i l l e d  with sediment. Twenty-nine homes and 
apartments were f looded to  i n t e r i o r  depths of from 2 t o  8 inches.  
Values of  these homes range from $2,000 t o  $20,000. Furni ture  
was damaged a s  were ca rpe t s ,  e l e c t r i c a l  appl iances ,  and improve- 
ments. Several  mi les  of  dike were overtopped and broken by 
t h i s  f lood.  The manmade channels were f i l l e d  beyond c a p a c i t y  
and had t o  be reworked fol lowing the f l o o d  only t o  be damaged 
aga in  the  fol lowing September and a g a i n  i n  February. Agricul-  
t u r a l  damages due t o  floodwater from the  August 1964 storm a r e  
e s t ima ted  a t  &89,2OO. Damages, o t h e r  than a g r i c u l t u r a l ,  a re  
es t imated  a t  $35,500. This storm k i l l e d  204 head of sheep 
and 65 head of c a t t l e  were e i t h e r  k i l l e d  o r  unaccounted f o r .  
(See Figures  PIS, Pl6, and PIT.) 



The September 13, 1964, f l o o d  inundated 5,000 a c r e s  
of i r r i g a t e d  cropland and washed out  d i t ches  and roads.  Damage 
amounted t o  $400,000. Frequency of occurrence of t h i s  storm 
i s  est imated t o  be 44 percent .  

The February 6 and 7, 1965, f lood  wi th  an es t ima ted  
frequency of occurrence of 50 percent ,  inundated 3,000 a c r e s  
of i r r i g a t e d  cropland. Damages were approximately $387,410. 

The August 16 ,  1965, f l o o d  caused damages on both 
the e a s t  and west s i d e s  of  the  va l l ey .  Storms were centered  
on the e a s t  s i d e  of the v a l l e y  and over  t h e  mountains i n  the 
Tiger Wash drainage a rea .  Total  damages were no t  evaluated.  

,;. 
One r e s i d e n t i a l  home had 18 inches of water around i t  and 
f l o a t e d  o f f  the foundation. There was extens ive  damage t o  

5 7 { , 7 ~  
roads. ~n estimated 360 a c r e s  of cropland requ i red  r e l e v e l i n g .  

A major storm occurred during August 1971, causing 
considerable  damage i n  the va l ley .  Floodwaters en te red  the 
va l ley  from the nor th  of f  Burnt Mountain and the Big Horn 
Mountains, and from the northwest and west i n  Tiger  Wash and 
Centennial Wash. The a c t u a l  e x t e n t  of f l o o d  damages was n o t  
documented, however, many photographs were taken both from the 
ground and from the a i r  during and fol lowing the f lood.  These 
photographs show extens ive  f looding and damage. (See Figure 
P19.)  

A t  the  time of the f lood,  I n t e r s t a t e  1 0  was not  open 
f o r  t r a f f i c ,  but cons t ruc t ion  of the highway was e s s e n t i a l l y  
completed. Roadbeds were up t o  rough grade but no t  paved. 
Cross drainage concrete  box c u l v e r t s  and p ipes  were i n  place.  
The f l o o d  damaged an  est imated 8 t o  1 0  mile reach of the 
highway. Roadbeds were overtopped a t  many l o c a t i o n s  with 
considerable  e ros ion .  Drainage c u l v e r t s  were undercut p r imar i ly  
a t  the o u t l e t s  and l e f t  han i n g  i n  the  a i r  supported only i n  
can t i l eve r .  (See Figure PI%. ) 

Although t o t a l  damage t o  the  highway i s  unknown, 
considerable  expense was obviously involved i n  r e p a i r ,  Follow- 
i n g  t h e  storm, a d d i t i o n a l  drainage s t r u c t u r e s  were i n s t a l l e d  
through the highway, A s  a n  example, the concre te  box c u l v e r t s  
a t  the Buckeye-Salome Road overpass t h a t  o u t l e t s  down Gin Road 
were increased  67 percent  i n  s i z e  and capac i ty  by adding f o u r  
more 10 f e e t  by 5 f e e t  openings t o  the e x i s t i n g  six 1 0  f e e t  
by 5 f e e t  concrete  box cu lve r t s .  Flow from these c u l v e r t s  
washed out  a n  8 f o o t  width of the  paved Gin Road roadbeds f o r  
about 4 miles .  Flow undercut and washed out  about 60 f e e t  of 
a  24-inch diameter concrete  i r r i g a t i o n  pipe a t  a  s iphon under 
Gin Road. (See Figure P20. ) 

Flood flows i n t o  the west s ide  of the v a l l e y  came 
from the T ige r  Wash and Centennial  Wash drainages.  The path 
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A storm expected t o  occur once every  o t h e r  y e a r  w i l l  d.,,4,.w 
inundate  3,050 c u l t i v a t e d  acres .  Damages es t imated  a t  $503,000 

a would r e s u l t  from a s torm of t h i s  s i z e .  

f 
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The p r i n c i p a l  f loodwater  damage r e s u l t s  from overland Rh C O A  

flow during high i n t e n s i t y  summer storms. ~n es t imated  48 @ ->@ percen t  of  a l l  f l o o d s  a r e  expected t o  occur during the  months - 
of July,  August, and September. *!&, .- 

The h i s t o r y  of f looding  i n  the  v a l l e y  coinc ides  wi th  &,-+#- 
the  h i s t o r y  of development. The accounts of  a  r e s i d e n t  of the - 
a r e a  during the  homesteading pe r iod  descr ibe  the washing away 
of a  farmhome during a f l o o d  on Centennial  Wash i n  the  1930's.  

In 1951 heavy r a i n s  f e l l  i n  t h e  mountains t o  the n o r t h  
and e a s t  of Harquahala Valley and caused a  f l o o d  i n  Centennial  
Wash. The f loodwaters  f l o a t e d  out  one mile  of 26-inch and 
30-inch diameter pipe of the  E l  Paso Natural  Gas Company. Cost 
of r e p a i r s  t o t a l l e d  approxima.te1 y $200,000. 

I n  1960 a storm washed out 8 mi les  of Gin Road from 
Salome Road t o  Centennial  Wash. The storm a l s o  washed out  
about 4 mi les  of Courthouse Road and uncovered Arizona Publ ic  
Service gas l i n e s  which had t o  be r epos i t ioned  and recovered. 
The a c t u a l  a r e a  inundated from flows t h a t  occurred on Centennial  
and Tiger  Washes i s  shown on Figure 1 . . 
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The storm of September 9 and 10,  1963, caused extens ive  ho ~ Q ~ I  

damage. E l e c t r i c a l  power t o  the v a l l e y  was l o s t  f o r  32 hours  
due t o  downed l i n e s .  Five mi les  of concre te  i r r i g a t i o n  d i t c h  <,'w 4 .  

was washed out  o r  damaged. Floodwaters inundated 5,753 &,'A- 2q, 19L-2 
i r r i g a t e d  a c r e s  and caused a n  es t imated  $442,600 i n  damages. 

An August 26, 1964, storm which inundated 8,400 
c u l t i v a t e d  a c r e s  was the  p r i n c i p a l  storm evaluated.  (See 5' f / :  -b' 

Figure 3. ) During t h i s  storm 2.5 i nches  of  r a i n  f e l l  on the  3 1 , 3 ~ t ~ ~  
south s lopes  of  Burnt Mountain and produced a  peak discharge 
of about  7,000 c f s .  Floodwater, sediment, e ros ion ,  and fi9 27- / I  c f 5  

i n d i r e c t  damages amounted t o  approximately $883,500. More 2t; 9.e 
than f o r t y  mi les  of farm roads were damaged. About 1 0  mi les  
of concrete  l i n e d  d i t c h  and 70 mi les  o f .  e a r t h  d i t c h  were. e i t h e r  
destroyed o r  f i l l e d  wi th  sediment. Twenty-nine homes and 
apartments were f looded t o  i n t e r i o r  depths of from 2 t o  8 inches.  
Values of  these homes range from $2,000 t o  $20,000. Furn i tu re  
was damaged as were c a r p e t s ,  e l e c t r i c a l  appl iances ,  and improve- 
ments. Several  mi les  of  dike were overtopped and broken by 
t h i s  f lood.  The manmade channels were f i l l e d  beyond c a p a c i t y  
and had t o  be reworked fo l lowing the f l o o d  only  t o  be damaged 
aga in  the  fo l lowing September and a g a i n  i n  February. Agricul-. 
t u r a l  damages due t o  f loodwater  from the  August 1964 s torm a r e  
e s t ima ted  a t  $489,200, Damages, o t h e r  than a g r i c u l t u r a l ,  a r e  
es t imated  a t  $35,500. This storm k i l l e d  204 head of sheep 
and 65 head of  c a t t l e  were e i t h e r  k i l l e d  o r  unaccounted fo r .  /-- 

@ ( S e e F i g u r e s ~ 1 5 ,  P16, andP17 . )  
I 

\- 



Centenni-a1 Wash a t  Al l i son  Tank where f loodwater  goes n o r t h  
and south around the  tank. The nor th  d i v i s i o n  cont inues  due 
e a s t  f o r  s e v e r a l  mi les  and swings southward through the h e a r t  
of the irr igated lands i n  Harquahala Valley. All along t h i s  
e a s t e r n  pa th ,  t h e  f l o o d  f l o w s  continuously spread over the 

* 
val ley.  Under high s tage ,  f loodwater advances on a broad 
f r o n t  of approximately - miles  i n  width a c r o s s  the va l l ey .  +e 
The 1 00-year frequency f l o o d  on Centennial  Wash would inundate  
an es t imated  8,000 a c r e s  of i r r i g a t e d  l a n d  i n  Harquahala 
Valley. (See Figure 2. ) The extreme v u l n e r a b i l i t y  of t h e  
v a l l e y  t o  f l o o d  flows from the  Centennial  Wash and Tiger  Wash 
drainage a r e a  i s  i l l u s t r a t e d  on Figure 1 ,  which d e p i c t s  t h e  
a c t u a l  pa th  of  the  1960 f lood.  The frequency of t h i s  f l o o d  
was not  determined, however, i t  was n o t  a r a r e  occurrence.  

The t o t a l  drainage a r e a  a f f e c t i n g  Harquahala V a l 1  ey 
is  summarized below: 

Area Drainage Area 

East  Side 
South of  Courthouse Road 11.0 square mi les  
North of Courthouse Road 30.3 11 11 

North Side 48.5 11 11 

Northwest Side 92.0 11 11 

West Side  
Tiger  Wash 160.0 11 , xz7 > . 

I1 

Centennial  Wash 675.0* " 11 .- - 
Total  1,016.8 square mi les  

*NOTE: Drainage a r e a  as shown f o r  Centennial  Wash i s  
t h a t  downstream from the U.S. Bureau of Land 
Management dam near  Wenqdn. 

9 2 
C 

The farmland i s  h igh ly  productive and i s  being i n t e n -  
s i v e l y  farmed. Most of  the  i r r i g a t i o n  d i t c h e s  a r e  concre te  
l ined .  Farm roads  a r e  we l l  maintained. Expensive homes have 
been b u i l t  on many of the  farms. Each farm has  a l a r g e  inventory  
of expensive equipment t h a t  i s  vulnerable t o  f looding .  Regard- 
l e s s  of where a storm may cen te r ,  sediment l a d e n  f loodwate r  - . 

flows ac ross  the  f loodp la in .  Crops a r e  e i t h e r  damaged o r  
destroyed. Concrete l i n e d  i r r i g a t i o n  d i t c h e s  a r e  broken and 
f i e l d  d i t c h e s  and furrows a r e  eroded. Floodwater e i t h e r  scours  
o r  depos i t s  sediment on county and farm roads.  Floodwater flows 
through homes damaging s t r u c t u r e s ,  contents ,  and yards.  Mechan- 
i c a l  p a r t s  and  i n t e r i o r s  of vehic les  a r e  damaged. Sheep and 
o t h e r  l i v e s t o c k  drown. Fences and farm s t r u c t u r e s  a r e  damaged. 

A s t o m  expected t o  occur once every  100 yea r s ,  on 
the average, w i l l  inundate  16,000 c u l t i v a t e d  a c r e s  and cause 

-. 
damages es t ima ted  a t  $2,638,000. This would s e r i o u s l y  a f f e c t  

, . 
I -  ' 

the economy of  t h i s  watershed f o r  severa l  years .  
'. 
L 





CnA RIYW BASm 

9-5175. CenteMisl Wash near Arlhgbn,  Arlz .  

Drainage area.--1,8l0 sq mi,  apprcninately. 

Reconin avaFlab1e.--Jarnmxy 1961 to Septunber 1963. 

=. --Vatu-stage recorder. Datun of gage la 773.22 ft above mean s a  level, d a k  of 1929. 

m-trrmes. --NO n o w  during ycar. 
1961-63: Mnxlmna diechrrge, 14,500 cis July 23, 1961 (@p height, 4.70 it), from rating curve extended above 5,500 cis by 

logarithmic plotting; m i lov for most of time. 

Remarks.--Ma ilov since Sept. 24, 1%2. Obaerrations of M flov generally madc once a month. figroes of discbarge for calendar 
year 1%2 are as f o U w s :  kxm, 180 cis; minimum, 0; mean, 0.7 cfs; nuloff, 522 acre-=. 



C M  RIVER BlSIX 

9-5175. CenterrPirl W u h  m Arllngeon, ArU. 

Iocat1on.--kt 33.16"" (revised), long L1Z0k7'50", in mec.7, T.2 S., R.5 Y., on upstre- aide of ford on f o r r r  U.S. ~ ighmy 80, 3.0 
&a upstrean fxum CFUc~pie Ihn and 4.4 &s southrcst of A r l ~ o n .  

=.--Water-stage recorder. Ibtrn of mge i s  m.22 it above mean sea level,  batm of 1929. 

Average discharge. --6 yearm, 1.82 cfs (1,320 acre-ft p r  p a r )  - 
Brt-6.--- and m.tnjmm for  the water ycara 1 w - 6 7  are contained l n  the foUovLng table: 

1964 July 31, 198( b s t  of year 
1965 Rb .  7, 1965 b a t  of year 

1966 Sept.U,1966 HDBt of year 
1967 Se*. 5, 1967 HDst of ycar 

1961-67: wdmum discharge, 14,500 cfs  ~ u l y  23, 1961 (M b i g h t ,  4.70 ft), f m n  rating curve e x t e a  above 5,500 c i s  by 
logarithmic plotting; M flw for  moat of tlme. 

Irmarks.--Recorde f a i r  except Plovs belov 100 cis ,  vhich are poor. F l o w  =-tea by several =tention Ln end of 

Discharge, in cubic feet per second, vater year October 1963 to Sptcmber 1564 

Day Oct. Iiov. Dec. Jan. Feb. Mar. ~ p r  . May June July Aug. Scpt. 

0 2 2 9  
0 2 1 9  

- - - - -  

C r l  y-r 1963: T o u l  0 Man 0 Max 0 Hin 0 &-it 0 
W t r  yr 1964: Total 382.4 Man 2.69 W 348 Hin 0 h-ft 1,350 

Peds hscharge (base, 1,000 c i s )  .--July 31 (1730) 2,890 cia (3.74 fi). 









G I U  RIVW BASIN f 
09517500. (rntemd&l Warh near ArUugton, Ar lz .  i 

LOCXlTOX.--kt 33'16'IZ", long U*47'50" ,  Ln ec .7  T.2 S., A.5 W., -cop8 COlmt~, on upst=- s i&  of fold  on fo-r U.S. H i g h v a J  
80, 3.0 miha  upstlaan frcm ~ ~ ~ e a p i e  Ibn and 4.4 6 s  southvcst of Arlington. 

mm.m AREA.--1,810 sq  pi, a p p ~ - t e i y .  

PB(IDD OF H E ~ ~ ~ . - - ~ a m t a r g  1961 t o  current year. 

GAZE.--Water-n- recorder. Datum of gage i s  n3.22 tt atam n a n  sea level. 

ATlERAGE DECEAEE.--lO yearn, 3 . 9  c f s  (2,420 acre-it p r  year); =dLsn of p a r l y  nan d i scha rps ,  2.k cia  (1,700 acre-rt  per  par). 

-.--Current year: h k x i m m  dincharge, 2,040 c i s  k. M (gage height, 3.91 I?); no f l o w  fo r  =st of ycar. 
R r i o d  of record: Wximm blachargc, 14,500 c i s  July 23, 1% (gage height, 4.70 ft), tmn rat* c m  erterded a t a n  5,500 c i s ;  

(gage height, 4.71 It Sept. 5, 1970; no f l a w  f o r  m e t  of tim! each year. 

-.--kcor& poor. Flow regulated by s c ~ r d  a a l l  mtent ion dam6 in u p p r  eui Of baain. kconfa  do m t  include irrigation re- 
flow paat s ta t ion.  

DISCHARGE. IN  C U B I C  FEET PER SECOND. UATER YEbR OCTOBER 1970 TO SEPTEMBER 1971 

0 I 

0 
0 i 
0 
0 
0 
0 i 1 
0 

16 0 
1 

17 
I 19 18 @Wr5 i 1 

20 ~O&ZWQ+- ! 
I 2 1 

22 
2 3 :::& 10 /7"-- 
2 4 
25 

; p lcroahv, i 
1 

2 6 0 
27 0 
28 , 0 
2 9 - - - - - -  0 
30 - - - - - -  0 
31 - - - - - -  - - - - - -  - - - - - -  - - - - - -  0 - - - - - -  

TOTAL 0 0 0 0 0 0 0 0 0 0 1,690 0 
MEAN 0 0 0 0 0 0 0 0 0 0 54.5 0 
M A X  0 0 0 0 0 0 0 0 0 0 770 0 i MIN 0 0 0 0 0 0 0 0 0 0 0 
AC-FT 0 0 0 0 0 0 0 0 0 0 3,350 0 

CAL VR 1970 TOTAL 49417.40 MEAN 12.1 MAX 3,030 MIN 0 f i t -FT 9,760 
UTR YR 1971 TOTAL 1.690 MEAN 4.03 M A X  770 MIN 0 AC-FT 3,350 

PEAK DISCHARGE (BASE, 1,000 C P S ) . - - ~ u g .  20 (2300)  2.0h0 c i s  ( 3 . 9 1  i t ) ,  Aug. 22 (1000)  1,720 c i s  (3.8L f t ) .  
.A - - --4 

O I i 
I I 

3 
4 .. - - 
i 

< 
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Annual maximum dischame a t  crest-st-  partial-=on! stet- lwrter70 1 m n , i n u r d  -7 -- * 

Annual uaxinnrm 
Drainage Period 

Sta t ion No. Sta t ion n a m ~  location area of Gage Dir- 

(sq mi) 
Date height charge 

( f ee t )  (cfs)  

DISLTLWGE AT PARTIALHECORD STATIONS AAD ).(ISCELIAAEWS STES 

. . . .  

G i l e  River basin--cor,',inued 
095&1W E ~ U  m n  mar  at 34'44'20", long L12.08'35", i n  F& s . z c . ~ ~ ,  

Jemne, Ariz. T-16 N., R. 2 E., Yavapai County, a t  U. S. High- 
vay Alt. 89, 2 miles ves t  of Jercue. 

09504400 h d s  Canyon t r l bu -  Lat 34.55'20", long LU*38'40", in S@ sec.22, 1.19 h1964-71 9- 5-70 11.1 
tary  near Sedona, T.18 N., R.7 E., Coconino County, a t  S ta te  1971 ---- 
P r i z .  Highva;. 79, 7 a i l e s  northeast of % d o ~ .  

09504800 Oak meek t r i bu t a ry  Iat 34'42'45", long LU052'50", in AVt sec.12, ,048 1963-71 5- 5-70 6.02 
near Cornvllle, T.15 N., R.4 E., Yavapai County, a t  county 9-29-71 2.72 M 1  
Ariz. mad, 2.5 miles ea s t  of Cornville. 

09505600 Dirty Neck Canyon near Iat 34'30845", long LU'21130", in & sec.23, 3.42 1965-71 9- 5-70 7.88 21c 
Clints W e l l ,  Ariz. T.13 A., R.9 E., Coconino County, a t  county 11971 2.48 

mad, 4 miles southwest of Clints Well, and 
18 miles north of kyson.  

09505900 Cottonvood Wash near Iat 34'30120", l q  lU*45'10", i n  RE+ sec.19, .64 196-71 8-14-70 3.23 b10 
Camp Verde, Ariz. T.13 A., R.6 E., Yavapai County, a t  h p  9-29-71 5.94 195 

Verdc-Pine mad, 7 miles southeast of Camp 
Verde . 

09510170 h p  Lhek near Iat 33'45'35", l m g  LU029'44", i n  sec.24, 
Smflower, Ariz. T. 5 N., R.8 E., k - lcope County, or; r ight  

hxik ut UpStRam 6id.e of ~Ulvert. on State 
Ei~huay 87, half a m i h  upstreem frac mouth, 
and 7 miles south of Wlmr. 

09512300 Cave Creek near Iat 33*47'00", long Uo00 '24" ,  in S@ sec.I.2, 121 1958-67*, 9- 5-70 5.38 2,700 
Cave Creek, Ariz. T.5 N., R.3 E., b r i c o p a  County, or  l e f t  bank 1968-71 6- L-71 2.36 364 

200 f t  upstream f w  h s c o t t - t o - # s a  t rans-  
mission l i ne ,  5 miles southwest of tovn of 
Cave Creek, and 5.0 miles upstream f w  Cave 
Creek Ian. 

09512420 Lym Creek t r i bu t a ly  Lat 34°32'51", long ll2.23'58", i n  SEt sec.31, ---- &0 
near Prescott ,  T.14 N., R.1 U. , Yavapai County, on Valker 
Ariz. Road, 400 ft soutn of Sta te  Highway 69, and 

4 miles e a s t  of Prescott .  9- 1-70 7.39 205 
8- -71 6.80 160 

Rock Sp r iws ,  Ariz. Hishm~ 69, 1 mile south of h c k  ~ p r ~ n g s .  
09513650 m M a  ~ v e r  a t  ,  at 33.36'24", long m 0 1 e 1 1 4 w ,  i n  ~w,+rrd* 0,637 1963-71 9- 5-70 4.60 5,000 

El Vdrage, Ariz. sec.18, T. 3 K., R.1 E., Maricopa County, a t  6- -71 1.87 250 
Grand Avenue 0.75 mile soutneast of El Kirage. 

09513820 Badmar W h  near Lat 33'50t30", long L12'06'40", in & sec.27, ll.l 1560-71 9- 5-70 5.56 1,630 
New PJver, Ariz. T.6 N., R.2 E., Uaricopa County, a t  State 8-21-71 5.07 1,300 

Eighway 69, 4.5 miles south of Nev River. 
09513890 New River a t  Peoria, I a t  33*35'43", long L12'15'115", in SE* sec.16, 317 1960-71 9- 5-70 10.26 20,000 

Arlz. T.3 N . ,  R.1 E., Hsricopa County, a t  Grand 8-21-7l 6.23 7,430 
Avenue, 1.75 miles northwest of k o r i a .  

09513910 New River near Iat 33°32'I.2", long 112~16' 52", i n  ?E@h? sec.8, 323 1961-63, 12-23-65 4.15 81,300 
Glendale, Ariz. T.2 N., R.1 E., Maricopa County, a t  Glendale 1964-7@, 8-21-71 6.6 e7,000 

Pvenue, 2 miles upstream from mouth, and 1971 
6 miles west of Glendale. 

095142W Matennm Uash near Lat 33'19'49", long L12°30t33", i n  s*+ 403 h1964-71 6- 9-70 5.21 3,&O 
Backeye, Ariz. sec.24, T.l S., R.3 k'., b r i c o p a  C o u n ~ ,  8-11-71 5.55 2,0& 

2.4 miles ahme mouth, 5.2 miles soutneast 
of Backeye. 

09515800 Hartman Wash near Iat 33*57'46", long ll2'49'4OW, in  S E ~  sec.12, 5.57 h1964-71 9- 5-70 7.00 1,600 
Wickenburg, Ariz. T.7 N., R.6 W., Hsricopa ~oun ty ,  a t  U.S. High- 8-19-TI 4.95 1,000 

way 60, 5.7 miles west of Uickenbarg. 
0 9 5 1 6 5 ~  Bassayampa R i w r  near Iat 33°53'@5", long U"39 '41" ,  i n  wt. sec.3, 774 1939-47t, 9-13-69 8.15 650. 

mmtovn, Ariz. ~ . 6  N., R.4 W., Mricopa County, 3.0 miles 1954,1956 9- 5-70 19.0 47,500 
northwest of MrrLstovn, 7 miles southeast 1964-71) 8-l8-7l 9.07 2,000 
of Wickenburg. 

09516600 Ck W h  near M r r i s -  Iat 33'53'W9', l m g  U * 3 9 ' W W ,  in F& sec .U,  6.31 1963-71 9- 5-70 1.97 160 
tovn, Ariz. ~ . 6  B., R.4 U., Marlcope County, st U.S. High- 8-20-71 2.26 250 

vaiy 60, 2.4 miles northwest of mmtown. 
09516800 Jack IDsbbit W h  near Iat 33'39'32", long U2'49'40", i n  137 1964-71 4- 4-65 8.05 mew 

Tunopab, Ariz. sec.25, T.4 N., R.6 V., k r l c o p a  County, 9-13-66 8.10 -200 
100 f e e t  upstream f w  the  Wickenburg- 9- 5-70 10.00 e 5,000 
Bassayampa Road, 4.5 miles upstream f w  8-17-71 9.31 e2,500 
Star Wash, and 14 miles northeast of Tunopah. 

09517000 Bassayampa River near Iat 33.20' 50", long L12*43'30", in sec.13, 1,470 1961-71 9-15-67 3.95 e 500 
Arlington, Ariz. T . l  S., R.5 W., Mricopa County, a t  f o m r  9- 5-70 8.40 39,000 

U.S. El.ghvay 80, 1.8 miles upstream f w  8-11-7l 4.02 1,230 
mouth, and 2.8 mFles northeast of Arlington. 

09517200 Centennial Wash t r i b -   at 33'50'40", long ~3*27 '00" ,  in 2-79 1963-TI 9- 5-70 4.66 720 
u t w  near Uendcn, sec.24, ~ . 6  N., R.12 W., mr lcopa County, a t  &20-'n 2.84 170 
Ariz. U.S. Hlghvay 60, 5 miles northeast of Wenden. 
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Annual maximum discharge a t  crest-stnue partial-record s ta t ions  during water r ea r s  1970-71--Continued 

095likXI / Winten UUi near 
Tunopah, Ariz. 

S t a t i m  No. 

Cila River basin--cont inued 

Rainbov Wash t r i bu -  
t a r y  near Wlckeye, 
Ariz. 

Bender Wash near 
Ci la  Rnd, Ariz. 

Sauceda Wash near 
G i l a  Rnd, Ariz. 

E5.2 09517280 

I a t  33*29'22", long ll2'55'05", in 
sec.30, T.2 B., ll.6 W.,  W i c o p a  County, 
C. j zile d m s t r e a r i  f r a r  Airline b e d ,  an2 
1 mile ea s t  of Tonopah. 

Sta t ion name 

47.8 

Windmill Wash near 
G i l a  Bend, Ariz. 

loeat  ion 
Drainage 

area 
( s q  mi) 

Wr VMh war 
Aguila, Ariz. 

Iat 33°1h135", 10% ll2'38'15", in sec.23, 
T.2 S., R.4 W., W i c o p a  County, a t  U. S. Bigh- 
vay 80, 9.5 miles sou thne t  of mckeye. 

bt 32°54'25", long L12'33'05", in sec.15, 
T.6 S., R.3 W., Waricopa County, along side 
of In t e r s t a t e  Highmy 8, 10 m.iles smtheas t  
of Gile Rnd. M o r  t o  Oct. 1, 1956, a t  s i t e  
3.65 mile dawnstream. 

Iat 32'52'14", long L12.4>'30", in SS$W$ 
sec.27, T.6 S., R.5 W., Wricopa Caunty, a t  
S ta te  Eighvay 85, 5.3 idles sou% of G i l a  Bend 

I a t  33'02'54", long 112'50117", in S E ~  sec.25, 
T.4 S., R.6 W.,  Maricopa County, ex county 
road, 10.5 miles northwest of Gile &nd. 

I a t  32'5e152", long L13'25'25", in S- 
sec.20, T.5 S., R.U h'., Yune Couccy, on l e f t  
bank 250 R downstreem fmm mad crossing, 
and 15.1 miles north and northeesr o f  Isteland 
ex i t  fmm Inters ta te  8. 

Baragan Wash near 
Eyder, Ariz. 

I a t  33*9'30", long U3*16'43", in S J ~  
sec.20, T.5 N., R.10 W., f r icopa County, 
17 miles south of AguFla. 

63.45 
(1.02 

68.8 

u E 6  

12.9 

v248 

Military Wash near 
Sentinel, kr iz .  

Period 
of 

ht 32*50143", long ll3'16'44", In Sil* sec.3, 8.70 
T .  7 S., R.10 W., Maricopa County, a t  
U.S. Highw&y 80, L.1 miles ves t  of Sentinel. 

near I a t  32'2O149", long ll2'48'31", in SW! sec.29, I T.12 S., R.5 h'.. RY Caunt3-, a: R a u  Hi&- i .& 

vay 85 , -3  mi les~southeas t  of 4)o. 
I a t  j2°21'19", long U049 '31" ,  in IT<* sec.30, 

T.K S., R.5 h'., E i m  County, a t  S a t e  Hiy- 

Annual maximum 

a r b s  Armyo near 
4 0 ,  Ariz. 

Date 

85, 2 miles-southeast of 40. 
I a t  32'22'48", long lX"51'40", 13 hi*w+ 

sec.lL, T . K S . ,  R.6W., PimaCou:p, a t  
a d  Avenue next t o  ra i l road tracks in 4 0 .  

Iat 32'42'23", long 112'50'43", ia li-'$LEt 
sec.26, T.8 S., ~ . 6  W., Marlcope (Sunty, a t  
State Highvey 85, 5.7 miles north of Midvaj., 
and 23 miles north of No .  

I a t  32'33'44", long 11Ze52'37", 13 NH*~ 
sec.15, T . ~ O  s., ~ . 6  w., f r icope bunty, a t  
State Highway 85, 4.1 miles nort:. 3: f rlcopa 
Plma County l i oe ,  and 13.5 miles m r t h  of 4 0 .  

I a t  32'06'00", long L12°46'15", 13 SW+ sec.22, 
T.15 S., R. 5 W. (unsurveyed), PLme County, a t  
S ta te  ~ l p v r y .  85, 20 m i k s  soutneast of 410. 

Iat 32°4?'i i",  long ll3O44'30", 13 SS$Wt 
sec.17, T.8 S., R.14 W., Y m  Couctj., a t  
Southern Pacific Railroad cmss-, 0.6 mile 
ea s t  of Whavk. 

Iat 32'42'32", l a g  U3'52'52", i n  
sec.23, T.8 S., ~ . 1 6  W., Y m a  County, w e r  
Inverted siphon on lbhsvli M, 4.4 miles 
ea s t  of Tacna. 

ut 32°K)'33", long ~ 1 4 ~ 1 7 1 3 8 " ,  in KVIM sec.2, 
T.9 S., R.20 W., Ywna County, a t  U.S. High- 
% 80 a t  Ligllrta, (Lnd 9.0 miles west  of 

Gibson Army0 a t  
40, Ariz. 

Gage 
height 
( fee t )  

Black Gap Wash near  
N O ,  Ariz. 

DL,- 
charre 

(cfs)  

Crater P a g e  Wash 
near N o ,  Arii .  

Alamo Wash t r i bu t a ry  
near 40, Arlz. 

whavk Fass Wash a t  
Whawk, Ariz. 

Whawk Wash near 
Tacna, M z .  

m t l e  kme Yash 
m a r  w, m z .  

- .  
we-ilton. 

ut 32'46'22", long U4.23'02", i n  ?x&+ 
sec.35. T.7 S., R.21 W., Yuma County, on rune 
~ a ~ y ~ b a d ,  0;2 mile e s s t  of U.S. Highvay 95, 
and 1.7 miles northvest of h. 

I a t  32*4Z146", long 114°26'55", in RT+$VZt 
eec.30, T.8 S., R.21 W., Y m a  Counq-, 0.3 mile 
dovnStF?m frCp Gil8 Gravity )gin Canal, and 
L1.5 miles ea s t  of Y m .  

09520603 mrtuna Wash near 
Blaisdcll ,  Ariz. 
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' The September 13 5,000 a c r e s  7 6 9 f i  

of i r r i g a t e d  cropland and washed out  d i t c h e s  and roads.  Damage 
amounted t o  $400,000. Frequency of occurrence of t h i s  s torm 
i s  es t imated  t o  be 44 percent .  

The Februarg. 6 and 7, ,1965, f l o o d  wi th  an es t ima ted  .377b1H 
frequency of occurrence of 50 percent ,  inundated 3,000 a c r e s  
of i r r i g a t e d  cropland. Damages $387,410. 

/ 

The August 16, 1965, f  
the e a s t  and west s i d e s  of - the  va l l ey .  Storms were cen te red  
on the e a s t  s i d e  of the  v a l l e y  and over  t h e  mountains i n  the  #2 
Tiger Wash drainage a r e a .  Total  damages were n o t  eva lua ted .  g4flfl 
One r e s i d e n t i a l  home had 18  inches of water  around i t  and 
f l o a t e d  o f f  the foundation. There was extens ive  damage t o  
roads. An es t imated  360 a c r e s  of cropland requ i red  r e l e v e l i n g .  

A major storm occurred during August 1971 , caus ing  
considerable  damage i n  the va l ley .  Floodwaters en te red  the  Rh,,a 
va l l ey  from the nor th  o f f  Burnt Mountain and the Big Horn 
Mountains, and from t h e  northwest and west i n  Tiger  Wash and @?&+g9 
Centennial Wash. The a c t u a l  e x t e n t  of  f l o o d  damages was n o t  
documented, however, many photographs were taken both from the ?d*'*.' 
ground and from the a i r  during and fol lowing the f lood.  The se  8 / q , : ~ 3 / 4 ~  
photographs show extens ive  f looding and damage. (See Figure  f i  I .  

~ 1 9 . )  935dW 
/- 

/ 

A t  the  time of the f lood,  I n t e r s t a t e  1 0  was n o t  open YwrHB/ , ,  
f o r  t r a f f i c ,  but cons t ruc t ion  of the highway was e s s e n t i a l l y  209' 
completed. Roadbeds were up t o  rough grade but  n o t  paved. / 720 8/2% 
Cross drainage concrete  box c u l v e r t s  and p ipes  were i n  p lace .  
The f l o o d  damaged an  es t imated  8 t o  1 0  mile reach of the  h ?/4k'' 

highway. Roadbeds were overtopped a t  many l o c a t i o n s  with 
considerable  e ros ion .  Drainage c u l v e r t s  were undercut p r i m a r i l y  
a t  the o u t l e t s  and l e f t  han ing  i n  the  a i r  supported only  i n  
c a n t i l e v e r .  (See Figure PI 8. ) 

Although t o t a l  damage t o  the  highway i s  unknown, 
considerable  expense was obviously involved i n  r e p a i r .  Follow- 
i n g  t h e  storm, a d d i t i o n a l  drainage s t r u c t u r e s  were i n s t a l l e d  
through the highway. A s  a n  example, the  concre te  box c u l v e r t s  
a t  the Buckeye-Salome Road overpass t h a t  o u t l e t s  down Gin Road 
were inc reased  67 pe rcen t  i n  s i z e  and capac i ty  by adding f o u r  
more 1 0  f e e t  by 5 f e e t  openings t o  the e x i s t i n g  s ix  1 0  f e e t  
by 5 f e e t  concrete  box cu lve r t s .  Flow from these c u l v e r t s  
washed out  a n  8 f o o t  width of the  paved Gin Road roadbeds f o r  
about 4 miles .  Flow undercut and washed ou t  about 60 f e e t  of 
a  24-inch diameter  concre te  i r r i g a t i o n  p ipe  a t  a  s iphon under 
Gin Road. (See Figure P20. ) - - 

. .  . 

Flood flows i n t o  the west s i d e  of the v a l l e y  came 
from the T ige r  Wash and Centennial  Wash drainages.  The pa th  
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9-5175. CentcnnLrl Wnah nu Arlingeon, Ariz. 

Location.--kt 33.16'12'' (re-d), long LU'47'50", Fn aec.7, T.2 S., R.5 U., on upat rem .Lie of fozd an f o r r r  U.S. Highmy 80. 3.0 
a L 1 . m  upmtrean tmn GFLLaple I h m  ud 4.4 &a southvcat of Arlington. 

4 

! Drainage area.--1,810 s q  mi, a p p m x l ~ t e l y .  

Recorb. available.  --January 1N1 to September 1967. 

-.--;inter-stage recorder. mtm of guge i s  773.22 it above mean sea level ,  d a b  of 1529. I 

Average discharge.--6 ye-. 1.82 c ia  (1,320 acre- f t  p r  year).  
I 

I 
Ertreus.--:4axicm and n i n i m m  f o r  the  n t e r  years 1964-67 are contained ln t h e  folloving table :  

,Maximim wnimum 
Water Discharge Gage heiaht Discharge 

year ( c i s )  ( f e e t )  Date ( c f s )  

1964 JULY 31,  1964 2,890 3.74 ~ o s t  of year o 
1,040 3 .27  % s t  of year 1965 n b .  7,  1965 

0 

Sept.I.3, 1'% 5,500 k.13 m s t  of year o 
Sept. 5 ,1967 1,040 3.27 Most of year 0 

1961-67: ~ a x m  discharge, 14,500 c i s  JULY 23, 1961 (gage height, 4.70 f t ) ,  n 
lo@rithmic plott ing; M flow fo r  m e t  of t*. I I 

~emarks.--Record. f a i r  except flows b l o w  100 cfs ,  a r e  poor. Flov re@hted by several SUBU retention damn In UPpr en* o r  

basin. 

Discharqe, in cubic f e e t  per second, M t e r  par October 1963 to September 196L 

k c .  Jan. Feb. Har. Apr . w' ;une JLIJ A= Sept. Day I Sct.  IIOV. I 
0 2 2 9  0 1 

2 
0 

i  ax o o o o o o o o o 
: Hin o o o o o 0 0 0 0 0 0 0 

k-ft 0 0 0 0 0 0 0 o o 946 524 79 : 
I C a l  yr 1963: Total 0 Mean 0 Max 0 Hin 0 k-rt 0 

Wtr yr 1964: T o t d  982.4 ~ c a n 2 . 6 9  k 3 4 8  M u 0  k-ft 1,950 



F i  ure P1S Flood and sediment damages in  Har- 
@&ZETEiley from storm of August 26-27, 1964. 

P16. Floodwaters- from the a t o m  of August 
1964, Looking west along Courthouse Road. 



Fi ure P17. Irrigation canal washed out by the 
August 26-27, 1964. Looking east along nkm- 

mid-section l ine ,  Section 7, T ~ N , R ~ W .  
. . 

F i  w e  ~18. Flood damage t o  Interstate 10 culverts b of August 1971 . 



Fi ure Pl9. Looking northwest across i rr igated  
arquahala Valley showing floodwaters k 

from storm of August 1971. 

Fi ure P20.  Flood damage t o  pavement and irr iga-  
t i o n  p pe ine washed out from storm of August 1971. + 
Looking north along Gin Road toward Interstate 10. 

-10-6 



of the f lood followed the same path as the 1960 f lood  previously 
discussed and shown on Figure 1. The flow braided out i n  the  
v i c i n i t y  of All ison Tank and entered the val ley on a broad 
f ront .  The ac tua l  ac res  inundated by the 1971 f lood  were not 
determined, however, the f lood d id  not appear t o  have the extent  
of the 1960 flood. Frequency of the 1971 flood and peak d i s -  
charge was not determined. 

The storm of Octob~,,- 5 centered over the 
north s ide  of the va l ley  and produced. - --off-from the south 
slopes of Burnt Mountain and the  Big Horn Mountains. A s  i n  
1971 floodwater went through the I n t e r s t a t e  1 0  box cu lver t s  a t  
the Buckeye-Salome Road overpass and washed out about 3 miles 
of Gin Road including from 2 t o  5 f e e t  of the west-edge of the 
paved roadbed. There was no damage t o  I n t e r s t a t e  1 0  except 
f o r  some minor ponding. About one mile of concrete d i tch  w a s  
e i t h e r  washed out o r  f i l l e d  with sediment. In  sect ions  26 and 
35, T2N, R9W, the water t h a t  had been flowing along Gin Road 
broke t o  the e a s t  and flooded i d l e  land. The damages from t h i s  
storm were not extensive and a r e  probably i n  the range of annual 
t o  biannual storm damkges. 

The storm of ,,,, ,----- ,-, --., , ,,' inundated approxi- 
mately -acres of a g r i c u l t u r a l  land. Most of the floodwaters 
came from Centennial Wash and followed the path a s  shown on 
Mgure 2. Direct crop and road damages were high. Total 
damages were estimated a t  $250,000. These damages would have 
been prevented by Centennial Levee. 

3. Erosion Damage 2s4 

A t o t a l  of e igh t  Hydrologic So i l  Groups were mapped 
i n  the watershed. On-site erosion r a t e s  f o r  these u n i t s  a r e  
shown on Figure 4. The r a t e s  range from a low of 103 tons/ 
sq.mi./year f o r  f i n e  grained basin f i l l  deposi ts  to  300 tons/ 
sq.mi./year f o r  the rocky higher mountains. Figure 4 does not 
r e f l e c t  erosion r a t e s  f o r  i r r i g a t e d  lands i n  production. These 
r a t e s  a r e  qu i t e  low, averaging about 50 tona/sq.mi ./year; 

Erosion has not  caused any major problems i n  the  - 
undeveloped port ions of the  watershed. The few unimproved - 
roads a r e  per iod ica l ly  washed out a t  wash crossings causing 
t r a v e l  delay and access problems. 

< 

The major eros ion damages occur i n  Harquahala Valley. 
I n  1970 and again i n  1971 approximately 3 miles of the paved 
Gin Road roadbed was washed out f r o m  flow through I n t e r s t a t e  
1 0 box culver ts .  There i a  annual damage t o  farm and county 
roads, i r r i g a t i o n  di tch  berms, borders, f i e l d s  and crops. 

4. sediment  ama age 214 
Sediment y i e l d  is a funct ion of severa l  f ac to r s  - 

runoff, type of s o i l ,  underlying s o i l  conditions , vegetat ion 



Fi ure P 2  Looking west across Centennial Wash 
s ow ng eavy growth induced upstreah of water- - 
spreaders constructed i n  the 19501s by the U,S. 
Bureau of Land Management, 

e P26. Growth i n  the flood pool of 
en Dam. Looking north frcxu top of dam. 

e / - I  



temporary storage increases a v a i l a b i l i t y  of s o i l  moisture. This 
w i l l  be par t icu lar ly  true of pseudoriparian t ree  species which 
a re  important t o  wildlife.  A t  o+,her areas within the flood pool 
where temporary storage i s  infrequent, ex is t ing  vegetation w i l l  
be somewhat more vigorous with l i t t l e  change i n  plant  species 
composition. S i l t a t i o n  and prolonged inundation of some areas 

0 
may per iodical ly  destroy, re ta rd  growth, o r  cause a change i n  
p lan t  species. It is not anticipated that  any reduction w i l l  
be s igni f icant  o r  frequent. Evaluation of other  f lood control 
s t ruc tures  i n  southern Arizona shows a general increase i n  
woody growth i n  reservoir  a n d  divsrsion areas. (See Figures 
P25 and P26. ) 

A study t o  determine the net  overall  impact of 
f lood retarding s t ruc tures  i n  southern Arizona is being under- 
taken by the Office of Arid Land Studies, University of ,Arizona, 
f o r  the Soi l  Conservation Service, Arizona Water Commission, and 
other in te res ted  agencies. The resulks should indicate  the 
impacts on vegetation, and give a measure of the parameters 
involved. 

'C , - 
I. : 

Specific ant ic ipated impacts of each s t ruc ture  are 
a s  follows: 

Saddleback F.R.S. 

Clearing f o r  construction w i l l  destroy 160 
acres of native vegetation. This  includes 60 acres 
f o r  the embankment and 100 acres f o r  the borrow 
areas and low flow channel. Approximately 12  acres 
of t r ees  w i l l  be removed. Creosotebush immediately 
downstream of the s t ruc ture  w i l l  e i t h e r  be 10s t o r  
heavily stressed. Most pseudoriparian t rees  along 
washes below the s t ructure  w i l l  receive a continued 
water supply from pipes through the embankment. h 
estimated 150 acres within the reservoi r  w i l l  have 
increased vegetation induced by the ex t ra  moisture 
from temporary storage. 

- .  

Himquahala F.R.S. 

Construction of Harquahala F.R. S. w i l l  require 
complete removal of native vegetation from an 
estimated 250 acres. This 'includes 191 acres  f o r  
the embankment and upstream berms ; 29 acres  f o r  the 
upstream low flow chamel; 28 acres  - f o r  cu t s  through 
ridges; and 2 acres f o r  the emergency spillway. 



Fi ure P27 S a l t  Cedar In t rus ion  i n t o  I n t e r s t a t e  k i i t .  

Figure.~28.- Allison Tank, Section - 25,T28,RlO'J.  



10. Socia l  and Economic 

a .  Land Requirement and Tax Base 

The securing of r equ i red  right-of-way f o r  the 
proposed s t r u c t u r e s  w i l l  remove a  minimum of 1,560 a c r e s  of 
p r i v a t e  l and  from the  t a x  r o l l s  and p o s s i b l y  6,677 a c r e s ,  
depending upon the type of l a n d  r i g h t s  obta ined  f o r  the 
100-year flowage easement on Centennial  Wash. Minimum ne t  
t a x  l o s s  w i l l  be $13,000 p e r  year.  The p r o j e c t  w i l l  a l s o  
r equ i re  1,681 a c r e s  of S t a t e  Trus t  l ands  and 2,107 a c r e s  of 
pub l i c  l a n d s  adminis tered by the U.S. Bureau of Land Management. 

- 
b. Health and Safety of Watershed Residents  

Threat of l o s s  of l i f e  w i l l  be g r e a t l y  reduced. 
Health problems due t o  f looding of cesspools  and domestic 
we l l s  w i l l  be v i r t u a l l y  el iminated.  Another b e n e f i t ,  
unmeasurable i n  monetary terms, w i l l  be the  peace of mind of 
the r e s iden t s .  

c. Local Socio lonica l  I m ~ a c t  

The i n f l u x  of cons t ruc t ion  personnel i n t o  Harqua- 
ha la  Val ley w i l l  t a x  l o c a l  f a c i l i t i e s .  A t  l e a s t  some construc-  
t i o n  personnel w i l l  be expected t o  f i n d  l o c a l  housing and 
r e l a t e d  community se rv ices .  Few of the necessary s e r v i c e s  
a r e  a v a i l a b l e  i n  Harquahala Valley. Addit ional  school f a c i l -  
i t i e s  a r e  not  a n t i c i p a t e d .  Impacts w i l l  be f e l t  i n  Buckeye 
and Salome. 

d. Land Use Chames 

The p r o j e c t  i s  no t  expected t o  s t i m u l a t e  any l and  
use changes i n  the  i r r i g a t e d  l ands  of Harquahala Valley. 
However, the s t m c  t u r e s  w i l l  provide f l o o d  p r o t e c t i o n  t o  27,300 
a c r e s  of unimproved l a n d  t h a t  i s  p r e s e n t l y  s u b j e c t  t o  f looding,  
p r imar i ly  from shee t  f lows. This inc ludes  10,480 a c r e s  of 
p r i v a t e ,  5,300 a c r e s  of S t a t e ,  and 11,520 a c r e s  of pub l i c  lands  
adminis tered by the  U.S. Bureau of Land Management. A change 
i n  ownership and/or l a n d  use should n o t  occur on the p ro tec ted  
S t a t e  o r  Federal  pub l i c  lands f o r  many yea r s  - i f  ever.  However, 
the  p r i v a t e  lands  w i l l  be more s u i t e d  f o r  development than a t  
present .  Some subdividing of these l a n d s  could occur. It i s  
p o s s i b l e  t h a t  by reducing l o s s e s ,  marginal l ands  w i l l  s t a y  i n  
product ion longer  i f  water supply becomes scarce.  

11 . Reoccurring Operation and Maintenance 

No s i g n i f i c a n t  impact i s  expected from these  a c t i v i t i e s .  
Maintenance personnel w i l l  be i n  the a r e a  on a n  in f requen t  
bas is .  Some temporary dus t  problem and w i l d l i f e  d is turbances  
could be caused by t r a v e l  a t  the  s i t e s .  Minor expenditures  
m y  be made locally in rent ing  backhoes o r  t rucks  t o  remove debris .  



12. Downstream Impacts 

Downstream i s  defined a s  being t h a t  a rea  from the 
mouth of the watershed t o  G i l l e s p i e  Dam on the Gila River. 
It includes a 23 mile length  of Centennial  Wash from the 
watershed mouth t o  junct ion with the Gila River and another  
2 miles  along the Gila River t o  the dam. 

Impacts include f looding  on downstream improvements, 
underground water suppl ies ,  su r face  water  suppl ies ,  and s e d i -  
mentation, and o the r  environmental cons idera t ions .  Discussion 
includes both the e f f e c t s  of the p r o j e c t  on peak discharges 
and watershed y i e l d  and long dura t ion  flows from the p r o j e c t  
dams. 

a .  Downstream Flooding 

The f i r s t  improvement i s  about 1 3  miles  down- 
stream of the watershed mouth i n  s e c t i o n  24, TIS, R7W, where 
an  80 a c r e  f i e l d  has  been c l e a r e d  f o r  i r r i g a t e d  a g r i c u l t u r e  
wi th in  the Centennial Wash f loodp la in .  The wash has been 
channelized t o  the south around t h i s  development. Flow from 
Winters Wash e n t e r s  Centennial Wash 15% miles downstream on 
about a 2 mile f r o n t .  Southern P a c i f i c  Railroad t racks  c ross  
where the  washes comingle. -There a r e  two 300 f e e t  long wooden 
t r e s t l e s  where the r a i l r o a d  c rosses  Centennial Wash proper and 
another  two 300 f e e t  long t r e s t l e s  about 1% miles t o  the nor th-  
e a s t .  

The major downstream development occurs i n  the 
Arl ington Valley area .  The Arl ington Canal c rosses  Centennial  
Wash about 2 miles  above the Gila River. The e n t i r e  Centennial 
Wash f loodp la in  i n  t h i s  reach has been completely developed 
i n t o  a g r i c u l t u r e .  There a r e  no defined channels. Large flows 
spread  out through the i r r i g a t e d  l ands  seeking a course to  the 
Gila  River. 

The p r o j e c t  dams w i l l  con t ro l  132 square miles 
of the t o t a l  1,810 square miles  above the Arlington Canal. 
U.S. Bureau of Reclamation Tiger Wash Detention Basin w i l l  
con t ro l  an a d d i t i o n a l  166 square miles .  

The eva lua t ion  of downstream f looding p o t e n t i a l  
i s  a s tudy of p r o b a b i l i t i e s .  The p r o j e c t  w i l l  not  have any 
measurable downstream impact i f  a 100-year storm should occur 
f o r  the t o t a l  Centennial Wash drainage area .  The floodwater 
r e t a r d i n g  e f f e c t  of the p r o j e c t  dams i s  o f f s e t  by the f a c t  t h a t  
Centennial Levee w i l l  prevent  f loods  from spreading out over 

C 
Harquahala Valley and thus decrease downstream peak discharges.  

L Peak discharges a t  the downstream r a i l r o a d  c ross ing  
r e s u l t i n g  from a 100-year storm occurr ing only above Harquahala 
F.R.S., Saddleback F.R.S., Saddleback Diversion and Centennial 
Levee Reach 1 w i l l  be reduced by 84 percent  - from 17,190 c f s  
t o  2,700 c f s .  Flood damages w i l l  be reduced accordingly.  



Peak discharges a t  the ~ r l i n g t o n  Canal, r e s u l t i n g  
from a SO-year storm occurr ing only above Saddleback Diversion 
w i l l  be inc reased  by one t h i r d  - from 3,000 c f s  t o  4,000 c f s .  
m i s  i s  because the d ive r s ion  prevents  flows from spreading 
out over the  i r r i g a t e d  lands  of  Harquahala Valley. Centennial  
Wash can e a s i l y  handle t h i s  flow without damage t o  improvements 
f o r  the e n t i r e  reach except through Arl ington Valley, where 

- there  a r e  no channels. 

Centennial  Levee w i l l  modify flow condi t ions  
on Centennial Wash. Flood flows p r e s e n t l y  spread out through 
Harquahala Valley and peaks a re  reduced. The peak discharge 
a t  the downstream r a i l r o a d  r e s u l t i n g  from a 100-year storm 
occurr ing  only over  the drainage a rea  c o n t r o l l e d  by Centennial  
Levee w i l l  be increased  by one t h i r d  - from 1S,000 c f s  t o  
20,000 c f s .  This i s  assuming the  Tiger Wash Detention Basin 
i s  i n  place.  Rai l road drainage f a c i l i t i e s  a r e  adequate t o  
convey t h i s  flow; however the i r r i g a t e d  l ands  i n  Arl ington 
Valley w i l l  be adverse ly  a f fec ted .  

A n  at tempt  has  been made here t o  r e f l e c t  the  
worst p o s s i b l e  condi t ions  i n  regard t o  the  p o t e n t i a l  of f lood-  
ing  i n  the  Ar l ington  Valley area .  It should be borne i n  mind, 
however, t h a t  a l l  of the  i r r i g a t e d  l ands  t h a t  a r e  s u b j e c t  t o  
f looding  from the  Centennial Wash drainage a r e a  l i e  wi th in  the 
f lood prone a rea  of the Gila River a s  determined by the U.S. 

a Geological Survey. 

b . Downstream Groundwater Supplies  

Runoff from high frequency r a i n f a l l  events  
occurr ing i n  the drainage areas  above the floodwater r e t a r d -  
ing  s t r u c t u r e s  w i l l  be e f f e c t i v e l y  contained by the s t r u c t u r e s .  
The h ighes t  percentage of recharge occurr ing  from p r o j e c t  
impoundment w i l l  occur wi th in  the Harquahala P la ins  Basin. 
Downbtream recharge w i l l  be g r e a t e s t  when l a r g e r  storms occur. 
High flows w i l l  be slowed, routed around the water absorbing 
a g r i c u l t u r a l  l ands  of Harquahala Valley, and re l eased  i n t o  
Centennial Wash a t  a nondamaging r a t e  f o r  a longer  dura t ion  
than  would occur under pre-pro j e c t  condi t ions.  A s  t he  dura t ion  
of flow i s  increased ,  more time i s  a v a i l a b l e  f o r  water  t o  
i n f i l t r a t e  through the  bottom of Centennial Wash i n t o  the  
underground system. This amount w i l l  no t  be l a r g e .  No attempt 
has  been made t o  quan t i fy  the average annual inc rease  i n  
downstream recharge a s  t h e r e  w i l l  be many yea r s  i n  which no 
flow a t  a l l  w i l l  occur. It i s  estimated, however, t h a t  f o r  
a 100-year event  over  the  p r o j e c t  s t r u c t u r e s ,  downstream re -  
charge w i l l  be inc reased  by about 100 percent  over p re -p ro jec t  
condi t ions.  

c . Downstream Surface Water Supply 

G i l l e s p i e  Dam serves a s  a d i v e r s i o n  p o i n t  f o r  
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two canal  systems, the Gila Bend Canal on the e a s t  and the 
Eh te rp r i se  Canal on the west. Nei ther  a r e  dependent upon 
flow from Centennial Wash. 

U.S. Geological Survey gage records a t  a measur- 
ing  s t a t i o n  on Centennial Wash about 1 mile. upstream from the 
Gi la  River show t h a t  f o r  the 1 2  year  pe r iod  between 1962 and 
1973 t h e r e  was no flow recorded f o r  123  months out of the t o t a l  
144 months of record. 

- 
The impact of the  p r o j e c t  on downstream surface  

water supp l i e s  i s  minimal. Of the t o t a l  1,810 square miles 
of drainage a rea  a t  the gaging s t a t i o n ,  the p ro jec t  dams w i l l  
slow runoff r a t e s  from about 132 square mi les  o r  l e s s  than 8 
percent  of the t o t a l  drainage area .  

I d. Other Downstream k v i r o n m e n t a l  Considerations 

The 100-year storm event  would be re leased  from 
the p r o j e c t  dams i n  about 10  days. Over t h i s  period, p r o j e c t  
flow r a t e s  would decrease from a high of 500 c f s  t o  no flow. 
This flow should a i d  the growth of vege ta t ion  along the course 
of Centennial Wash and make water a v a i l a b l e  f o r  a longer  
pe r iod  f o r  use by w i l d l i f e .  The flow should a l l  i n f i l t r a t e  
before reaching downstream i r r i g a t e d  lands  i n  the  Arl ington 
Valley area  and the Gila River. 

13. Land Subsidence and Earth Cracks 

t 
I r r i g a t i o n  punpage i n  the p r o j e c t  a g r i c u l t u r a l  

a r e a s  has r e s u l t e d  i n  s u b s t a n t i a l  lowering of the water tab le .  
S imi la r  s i t u a t i o n s  throughout the S t a t e  have been accompanied 
by land  subsidence and e a r t h  cracks.  

The S o i l  Conservation Service and the  Arizona Water 
Commission have examined the bas in  searchine, f o r  any l and  
dis turbances.  I n  1966, a n  e a r t h  crack was discovered i n  the 
S W ~  s e c t i o n  36, T2N, R9W. This l o c a t i o n  i s  approximately 3% 
miles  west of Saddleback F.R.S. The e a r t h  crack was b a c k f i l l e d  
wi th  5 t o  6 f e e t  of compacted s o i l  and t o  da te  no se t t lement  

, - has been noted. The l and  subsidence appears  t o  have been an  
i s o l a t e d  case,  and the re  have no t  been any repor ted  occurrences 

-- - s ince  t h a t  time. Its l o c a t i o n  i s  not  i n  the  v i c i n i t y  of any 
proposed s t r u c t u r e s ,  however, i t  does underscore the p o t e n t i a l  

- f o r  subsidence wi th in  t h e  p r o j e c t  a rea .  

Aware of the subsidence p o t e n t i a l ,  the U.S. Bureau 
of Reclamation has conducted p r e c i s e  l e v e l i n g  surveys along 
the Granite Reef Aqueduct alignment. The surveys were s t a r t e d  
i n  1971 and t o  date  no apprec iable  subsidence has been recorded. 

Ear th  cracking can occur i n  an  e r r a t i c  p a t t e r n  and 
cannot always be p red ic ted  even with d e t a i l e d  s tud ies .  None 

- 
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V I .  ALTERNATIVES 

A .  Al te rna t ive  of Accelerated Land Treatment Only 

The majo r i ty  of f loodwater,  e ros ion ,  and sediment damages 
i n  the watershed occur t o  improvements i n  Harquahala Valley. 
Damaging f loodwaters  come from 341.8 square mi les  of watershed 
d r a i n a ~ e  a r e a  adjacent  t o  the v a l l e y  and 675 square mi les  of 
Centennial  Wash drainage area .  -The c o n t r o l  of f loodwater  by 
l a n d  t reatment  measure would requ i re  a  s t r u c t u r a l  and vegeta- 
t i v e  program on the t o t a l  1,016.8 square mi les .  

Since 1954 the  U. S. Bureau of Land Management has  conducted 
a n  in tens ive  l a n d  treatment program on Centennial  Wash. The 
program c o n s i s t s  of two l a r g e  dams t h a t  meter f loodwater  out t o  
approximately f i f t y  downstream wa te rspreading  dikes.  This system 
has  been very  e f f e c t i v e  i n  hea l ing  headcuts ,  prevent ing g u l l y  
and shee t  e ros ion ,  increas ing  vegeta t ive  growth and improving 
w i l d l i f e  h a b i t a t .  Horiever, a s  shown on Figure 1 ,  Centennial 
Wash Flood of 1960, f lood damages along Centennial  Wash have 
not been reduced t o  acceptable  l e v e l s .  

In  t h i s  a r i d  c l ima t i c  a rea  adequate amounts of vegeta t ive  
and s t r u c t u r a l  l and  treatment measures could not  be i n s t a l l e d  
and maintained t o  prevent f looding i n  Harquahala Valley. Legal 
r e s t r a i n t s  imposed by downstream water  r i g h t s  l i m i t  the  a p p l i -  
c a b i l i t y  of s t r u c t u r a l  l and  treatment measures on upstream 
watersheds i n  the S t a t e  of ~ r i z o n a .  

B. A l t e rna t ive  of Nonstructural  Measures 

The nons t ruc tu ra l  measures considered i n  combination with 
an acce le ra ted  l a n d  treatment program included f l o o d p l a i n  
zoning, f loodproofing,  f lood insurance and o u t r i g h t  purchase 
of improvements sub jec t  to  damage. 

Under the a u t h o r i t y  of the S t a t e  Flood Control Act of 1973, 
Maricopa County has  enacted f loodp la in  r egu la t ions  governing 
developments i n  f loodp la in  areas .  The county, however, has  
not  de l inea ted  the f loodp la in  i n  Harquahala Valley. 

When f u l l y  implemented and enforced, county f l o o d p l a i n  
r egu la t ions  w i l l  prevent f lood  damage t o  new nonagricul  t u r a l  
developments. They w i l l  not  prevent  damage to  new a g r i c u l t u r a l  
developments. They w i l l  not prevent  damages t o  the e x i s t i n g  
improvements o r  t o  a g r i c u l t u r a l  develo~ment  i n  the va l ley .  

Floodproof ing  i s  the i n s t a l l a t i o n  of ind iv idua l  p r o t e c t i v e  
devices f o r  e x i s t i n g  property.  The f loodproofing measures 



cons ide red  i nc luded  r a i s i n g  of  f l o o r  l e v e l s ,  p r o t e c t i v e  berms/ 
channe ls ,  w a t e r t i g h t  c l o s u r e  doors ,  r e l o c a t i o n  of  s t r u c t u r c s ,  
and p r o t e c t i v e  s t r u c t u r a l  x a l l s .  A l i m i t e d  number of  improve- 
ments i n  Harquahala Val ley cou ld  be e f f e c t i v e l y  f loodproofed  
by employing the se  measures e i t h e r  s i n g u l a r l y  o r  i n  combination. 
The s t r u c t u r e s  most r e c e p t i v e  a r e  t h e  e lementary  school  and t h e  
c o t t o n  g in .  P r o t e c t i v e  berms could  be p l aced  around t h e s e  u n i t s  
a t  a n  e s t i m a t e d  c o s t  of $15,000. To preven t  f loodwater  from 
e n t e r i n g  i r r i g a t i o n  w e l l s ,  p r o t e c t i v e  concre te  s t r u c t u r a l  w a l l s  
cou ld  be p l a c e d  around the  pumps and engines/motors a t  a n  
e s t i m a t e d  c o s t  o f  $1,850 f o r  each w e l l .  To p reven t  f l oodwa te r s  
and sediment from e n t e r i n g  t h e  t a i l v a t e r  purnpback sumps, p ro t ec -  
t i v e  d i k e s  cou ld  be p l aced  around t h e s e  sumps a t  a n  e s t i m a t e d  
c o s t  of $3,600 f o r  each sump. Buried gas  l i n e s  and te lephone 
c a b l e s  cou ld  be lowered t o  p reven t  washout. 

Floodproof i n g  
f a rm roads ,  i r r i g a  
s t a t e  10 ,  and  most 

measures a r e  n o t  a p p l i c a b l e  t o  c rops ,  l a n d ,  
t i o n  d i t c h e s ,  l i v e s t o c k ,  county roads ,  I n t e r -  

of t he  r e s i d e n t i a l ,  commercial and  i n d u s t r i a l  
bu i ld ings .  Most b u i l d i n g s  a r e  s e t  on conc re t e  s l a b s  and f o r  
the  most p a r t  wi th  l e s s  than s i x  i nches  of e l e v a t i o n  between 
the  f l o o r  and  n a t u r a l  ground. It would be very  expensive  t o  
a t t e m p t  t o  r a i s e  these  b u i l d i n g s .  

The f l oodproo f ing  a l t e r n a t e  was i n v e s t i g a t e d  wi thout  
r ega rd  t o  l e g a l  c o n s t r a i n t s  o r  what impact  i n d i v i d u a l  measures 
would have on a d j o i n i n g  o r  downstream p r o p e r t i e s  and improvements, 
Dikes, channe ls ,  p r o t e c t i v e  berms, p r o t e c t i v e  w a l l s ,  e t c . ,  cannot 
be p l a c e d  s o  a s  t o  p r o t e c t  a n  i n d i v i d u a l  wi thout  the  p o s s i b i l i t y  
of induc ing  damages t o  o t h e r s .  Because most of t h e  improvements 
i n  Harquahala Val ley  cannot be p r a c t i c a l l y  f loodproofed ,  t he  
planned s t r u c t u r a l  program would s t i l l  be r e q u i r e d .  

Flood in su rance  would reduce the  l o c a l  adverse  economic 
impact o f  f l o o d i n g  on owners of e x i s t i n g  developments; however, 
the  f i n a n c i a l  burden would t r a n s f e r  t o  o t h e r  s e c t o r s  of the  
n a t i o n a l  economy. No n e t  b e n e f i t  would be r e a l i z e d .  

The o u t r i g h t  purchase of a l l  improvements i n  Harquahala 
Val ley  t h a t  a r e  s u b j e c t  t o  f l oodwa te r  damages would r e q u i r e  a n  
expend i tu re  i n  excess  of a n  e s t i m a t e d  $~0 ,000 ,000  (1974 c o s t s ) .  
Approximately 16,000 a c r e s  of developed and h i g h l y  p roduc t ive  
i r r i g a t e d  c rop l and  would be removed from the  n a t i o n a l  economy. 

C. A l t e r n a t i v e  of I n s t a l l i n g  the  Approved 1967 Plan 

wi th  Revis ions  2 

D e t a i l s  of the approved 1967 P l an  a r e  con ta ined  i n  t he  
p u b l i c a t i o n ,  "Watershed Work P lan  - Harquahala Val ley  Watershed - 
U.S.D.A. - S o i l  Conservat ion Se rv i ce . "  Proposed s t r u c t u r a l  



measures i nc luded  two f l o o d w r t e r  r e t a r d i n g  s t r u c t u r e s  (Burnt  
Mountain F.R.S. and Big Horn F.R.S. ); two floodways ( ~ u r n t  
Mountain and  Big ~ o r n )  ; t h r e e  d i v e r s i o n s  (Saddleback,  Burnt 
Well,  and  L i t t l e  ~ o r n ) ;  and one l e v e e  (Centennia l  Levee). 

The p l a n  was completed p r i o r  t o  t he  c o n s t r u c t i o n  o f  
I n t e r s t a t e  10 ,  The highwzy h a s  now been completed and  i t  c r o s s e s  
t h e  a l ignment  of two of t he  proposed s t r u c t u r e s ,  Saddleback 
Divers ion  and Big Horn Floodway. No c r o s s i n g s  were provided 
through the  highway f o r  these  u n i t s ,  

The ex t remely  h i g h  expense and requirement  f o r  t r a f f i c  
c o n t r o l  invo lved  i n  c r o s s i n g  I n t e r s t a t e  1 0  e l i m i n a t e s  t he  i n s t a l -  
l a t i o n  o f  t h e  1967 P l an  wi thout  some r e v i s i o n .  During t he  i nves -  
t i g a t i o n s  f o r  t h i s  s ta tement ,  s t u d i e s  were conducted t o  r e v i s e  
the  1967 Plan.  

The installation of the Revised 1967 Plan would Cost  an 
e s t i m a t e d  $10,540,530 i n  i n s t a l l a t i o n  c o s t  o f  which $9,122,570 
would be Publ ic  Law 566 c o s t s  and $1,417,960 from o t h e r  funds.  
Costs  r e f l e c t  upda t ing  t o  c u r r e n t  d e s i g n  c r i t e r i a  and  1975 c o s t s .  
Th is  p l a n  would prov ide  a n  8 p e r c e n t  h i g h e r  l e v e l  of p r o t e c t i o n  
t o  e x i s t i n g  development bu t  would be more c o s t l y  than  t h e  
recommended p l an .  

The environmental  impacts would n o t  be a p p r e c i a b l y  d i f f e r e n t  
from those  of  t h e  recommended p l a n  a s  p r e s e n t e d  i n  t h e  "Environ- 
mental  Im?acts" s e c t i o n  except  i n  two major  i n s t a n c e s .  ,The 
Revised 1967 Plan would n o t  p r o t e c t  t he  Gran i t e  Reef Aqueduct 
o r  the  proposed w e s t e r n  main c a n a l  of t h e  Harquahala Val ley 
i r r i g a t i o n  wa te r  d i s t r i b u t i o n  system. P r o t e c t i o n  f e a t u r e s  f o r  
t he se  f a c i l i t i e s  would s t i l l  have t o  be c o n s t r u c t e d  w i th  r e s u l t i n g  
dua l  adve r se  environmental  impacts .  Burnt Mountain F.8.S. would 
be l o c a t e d  one-half  t o  one mile  above I n t e r s t a t e  10 ,  c r e a t i n g  
a e s t h e t i c  d i s  t r a c t i o n .  

D. Major A l t e r n a t i v e s  i n  t h e  S e l e c t i o n  and Design of 

Components of the Recommended Plan 

1 .  A l t e r n a t i v e  of Dam a c r o s s  14ain Watercourse of Centennia l  

Wash - 
The p r o j e c t  sponsors  and o t h e r  i n t e r e s t e d  p a r t i e s  have 

sugges ted  t h a t  a dam be c o n s t r u c t e d  a c r o s s  the  m a i n  wa te rcourse  
of  Centennia l  Wash a s  a  s u b s t i t u t e  f o r  t he  proposed Centennia l  
Levee. 

The t o t a l  d ra inage  a r e a  o f  Centennia l  Wash a t  a p o i n t  



immediately above Harquahala Va l l ey  i s  approximately  652 squa re  
m i l e s  o r  417,280 a c r e s .  Th is  exceeds  the a u t h o r i z a t i o n  l i m i t  
o f  250,000 acres maximum under Publ ic  Law 566 and consequent ly  
i s  beyond the  j u r i s d i c t i o n  of t h e  S o i l  Conservat ion Se rv i ce .  
Although a  dam cou ld  conce ivab ly  be c o n s t r u c t e d  by o t h e r  a g e n c i e s  
o r  groups,  t h e r e  i s  n o t  a  good e f f i c i e n t  damsi te  anywhere on 
Centennia l  Wash t h a t  i s  c l o s e  t o  Harquahala Valley. The most 
e f f i c i e n t  s i t e  i s  23 m i l e s  upst ream a t  t he  l o c a t i o n  of the 
e x i s t i n g  Narrows Dam. This dam cou ld  p o s s i b l y  be en la rged ,  
however, the  s i t e  i s  g e o l o g i c a l l y  s u s p e c t .  There appears  t o  be 
a f a u l t  on t h e  l e f t  abutment and  s i n k h o l e s  have-appeared i n  p a s t  
i n s t a n c e s  i n  t h e  f l o o d  pool.  

A dam c o n s t r u c t e d  a c r o s s  the  wide a l l u v i a l  f l o o d p l a i n .  
n e a r e r  t o  Harqunhala Valley would be expensive .  Rough e s t i m a t e s  
of such a s t r u c t u r e  a r e  $1 2,000,000. This  g r e a t l y  exceeds t h e  
i n s t a l l a t i o n  c o s t  of Centennia l  Levee wi thout  a  corresponding 
i n c r e a s e  i n  f l o o d  r e d u c t i o n  b e n e f i t s .  

2. A l t e r n a t i v e  of  Channe l i za t i on  of Centennia l  Wash 

It h a s  been sugges ted  t h a t  t h e  main x a t e r c o u r s e  of 
Centennia l  $Jash be r e s t r i c t e d  and channe l i zed  through Harquahala 
Val ley .  The proposa l  would r e q u i r e  d ikes  on the west s i d e  of 
t h e  v a l l e y  t o  funne l  the  e x i s t i n g  widespread s h e e t  flow i n t o  a  
conf ined  channel .  The channel  would ex tend  13 mi le s  through 
the  v a l l e y .  This  channel  sys tem could  no t  be c o n s t r u c t e d  under 
the  a u t h o r i t i e s  of  Publ ic  Law 566 because of t h e  same r e s t r a i n t s  
on dra inage  a r e a  s i z e  a s  d i s c u s s e d  i n  number 1 above. 

4 channel  of des ign  c a p a c i t y  equ iva l en t  t o  the  p r o t e c -  
t i o n  a f f o r d e d  by Centennia l  Levee would c o s t  a n  e s t i m t e d  
,+I ,500,000 (1 974 p r i c e s ) .  Ex tens ive  s t a b i l i z a t i o n  measures It' 
would be r e q u i r e d  t o  p reven t  channel  s cou r  and degrada t ion .  
Level  of b e n e f i t s  would remain t he  same a s  i n  t h e  recommended 
p lan .  

3.  ~ l t e r n a t i v e  of I n s t a l l i n g  a Channel System i n  Place  of  

Saddleback F.R. S. 

This a l t e r n a t i v e  would r e p l a c e  Saddleback F.R.S. wi th  
a channel  sys tem cons t ruc t ed  through the  developed a r e s s  of 
Hzrquahala Val ley .  

Channels would be c o n s t r u c t e d  a long  the  e a s t  s e c t i o n  
l i n e s  o f  s e c t i o n s  20 and  29, 32N, ROW; c l o i ~ g  the  n o r t h  and e a s t  
s e c t i o n  l i n e s  o f  s e c t i o n  33, TZN, R ~ W ;  a long  t h e  n o r t h  s e c t i o n  
l i n e  of s e c t i o n  32, T2M, R ~ W ;  and  a  channel  would ex tend  4 m i l e s  
due sou th  from t h e  nor thwest  c o r n e r  of s e c t i o n  32 o u t l e t t i n g  





RARQUAHALA VALLEY 

Flood of September 24-26, 1976 

Severe f lood ing  occurred i n  Harquahala Valley on Fr iday  evening 

~ e ~ t e m b e r  24, 1976, and aga in  on Sunday morning, September 26, 1976. 

Extensive damages r e s u l t e d  throughout the watershed. The f l o o d i n g  

inundated approximately 3,800 a c r e s  of prime a g r i c u l t u r a l  land .  

Di rec t  crop and road damages were high. To ta l  damages were es t imated  

t o  be about $250,000. 

The f l o o d  event  t h a t  occurred on September 24-26, 1976, w a s  

es t imated  to  have a recurrence i n t e r v a l  of about once i n  f o u r  years.  

Heavy damages from a low frequency occurrence i n d i c a t e  the  s e v e r i t y  

o f  the  Harquahala f l o o d  problem. The S o i l  Conservation Serv ice  has  

proposed a P.L. 566 p r o j e c t  t h a t  w i l l  f u r n i s h  needed f l o o d  c o n t r o l  

p r o t e c t i o n  t o  t h e  Harquahala Valley. Had the  p r o j e c t  been cons t ruc ted ,  

a l l  major f l o o d  damages would have been prevented. 

A f i e l d  f l o o d  e v a l u a t i o n  of the watershed was i n i t i a t e d  by the  

Flood Control D i s t r i c t  of  Maricopa County (FcDMC) , S o i l  Conservation 

Service  (SCS), and the Arizona Water Commission (AWC). The r e s u l t a n t  

d a t a  a r e  enclosed:  

1. SCS t r i p  r e p o r t  by R. McArthur, Harquahala Watershed - Flood 

Observation - Sept. 28-29, 1976. 

2. Map showing approximate inundat ion  area .  (Flood of  Sept.  

24-26, 1 976. ) 

3. Photographs and capt ions  showing f l o o d  damages (Flood of 

Sept. 24-26, 1976).  
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UNITED STATES DEPARTMENT OF AGRfCULTURE 

SOIL CONSERVATION SERVICE River Basin-Watershed Planning S ta f f  
Su i te  326, Arizona T i t l e  Building, 111 W. Monroe St.,  Phoenix, AZ 85003 

WS - Barquahala Watershed - Trip Report of DATE: October 15, 1976 
Flood Observations - September 28-29, 1976 

Ronnie L. Clark 
RB/W Staff Leader 

On Monday, September 27, we received a telephone c a l l  from John1Pronske. 
DC, Buckeye F i e ld  Office. H e  reported t o  Dick Reidhead t h a t  t h e  had 
experienced f looding wi th in  t h e  Harquahala Watershed on Friday n igh t ,  
September 24, and again Sunday morning, September 26. 

We discussed t h e  need f o r  flood da t a  and decided t o  d r ive  i n t o  t he  a r ea  
the next day. Tuesday, September 28, Dick Reidhead, Steve E r b ,  John 
Fronske, and I drove i n t o  the  Eagle Ta i l  and Harquahala Watersheds. 

We observed t h e  e f f e c t s  from minor flooding and re la ted  damages from 
runoff within t h e  Eagle T a i l  Watershed. It appeared t ha t  t he  main 
damages were t o  road systems. 

Harquahala Valley was more severely flooded with most of the  water coming 
from Centennial Wash, bu t  an appreciable amount from the  Big Horn 
Mountains. Major f lood damages appear t o  be land scouring and sedimen- 
t a t i on ,  crop damages and road damages. Some of t he  farmland w i l l  r equ i re  
cleaning and re level ing.  The effected cropland w i l l  have some reduction 
i n  y ie lds  but t h e  main impact w i l l  be t he  reduction i n  qua l i ty ;  t h i s  is 
especial ly  t r u e  f o r  cotton. Road damages were q u i t e  extensive. Farmers 
were busy repa i r ing  the  l e s s  damaged roads but some of the  more severely 
damaged roads w i l l  r equ i re  hauling and rebui lding 200 t o  800 foo t  s t r e t c h e s  
of roadway. There were severa l  on-farm concrete di tches  t h a t  w e r e  heavi ly  
damaged. 

We looked at  damages on t h e  Frank Rogers, Clyde Tramps and Harry 
Por te r f ie ld  farms. 'John Po r t e r f i e ld ,  son of Harry Po r t e r f i e ld ,  took us  
over t h e i r  farm i n  h i s  jeep. This farm was one of the  most severely  
damaged. 

A t  the  conclusion of t he  day w e  decided t h a t  most of the  e f fec ted  a r ea  
could s t i l l  be seen from the  a i r  and a e r i a l  photos would b e  t he  most 
e f f i c i e n t  way t o  map out t h e  flooded area. John Fronske sa id  he  could 
meet with some of the  effected landowners o r  operators  and acquire  flood 
damage information. Reidhead and Fronske took photos of damaged areas.  

On Wednesday, September 29, I made arrangements with Chandler F lyers  f o r  
a char te r  f l i g h t .  We inv i ted  Bob Ward, FCDMC, and Steve Erb, AWC, t o  go 

I 
along. We l e f t  Sky Harbor Airport  a t  1 p.m. and returned a t  3;15 p.m. 
The f l i g h t  followed a rou te  taking us along the  Gi la  River, up Centennial 
Wash t o  Harquahala Valley, four swee-and out of the  
va l ley  following Buckeye Road. I RECEIVED 1 



R.L. Clark 
October 15, 1976 2 

Ward, Erb, and I took photos, I took about 60 photos which I have 
located  on a map. Weaver, Reidhead, and I reviewed these  and have s e n t  
them t o  the  Arizona Water Conmission. They have agreed t o  s tudy them 
and map out t h e  flooded a rea  as w e l l  as poss ib le .  

1 -1 *e\~\t&idt- 
Robin P. McArthur 
Hydraulic Engineer 

cc:  
John W. Peterson A s s t .  STC 

Fronske, DC, Buckeye FO 
eve Erb, AWC 7 I : 1 John Weaver, C i v i l  Engineer, RB/WP Sta f f  

Richard Reidhead, Jr., Agr icu l tu ra l  Engineer, RB/W Sta f f  

* 

L* 
t 

: -1 

f 

L 



L - i  "': . -  - - 

HARQUAHALA 

FLOOD OF SEPT. 24 -26, 1976 



GILA RIVER BASIN 

09517500. -IN. WASH NEAR ARLIMXU. ARIZ. 

WT1ON.--Lat 33°16'12" long 112'47'50". in sec.7. T.2 S., R.5 N.. khricopa Carnty, on upstrem s ide  of ford on f o l l e r  U.S. Highmy 
80, 3.0 mi (4.8 h) Gstrenm fnm Cillespie asln md 4.4 mi (7.1 Lsl) southwest of  Arlington. 

m I M E  ARM.--1,810 m i '  (4,690 ha), approximately. 

PERlOO OF REOJRD.- - J u u r y  1961 t o  cumnt year. 

'AX.--Water-stage recorder. htun of gage i s  773.22 f t  (235.677 m) above m a n  sea leve l .  

A- Dl-.--15 y u r s .  3.56 f t 3 / s  (0.101 m3/s), 2,580 acre- f t /yr  (3.18 )m3/yr); median of yearly m a n  discharges, 2.1 f t 3 / s  
(0.060 r 3 / s ) .  1.500 acre- f t /yr  (1.85 h 3 / y r ) .  

MTRFHFS. --Current year: k i m m  discharge, 7,800 f t 3 / s  (221 m3/s) Sept. 26 (gage height,  4.38 f t  o r  1.335 a), f w  ra t ing  curve 
a tended above 5,500 f t 3 / s  (160 m3/s); no flow =st of  time. 

Period of mrd :  k u ~  discharge. 14.500 f t 3 / s  (411 m3/s) July 23, 1961 (gage height. 4.70 f t  o r  1.433 m), f m  rating cmrve 
extended above 5,500 f t 3 / s  (160 m3/5) ; aaxhun gage height. 4.71 f t  (1.436 m) Sept. 5, 1970; no flow f o r  w s t  of tire each year. 

RB3ARKS.--Records poor. Flar regulated by several ma11 retention dws in uppr end of basin. Raords do not include i r r iga t ion  
return flow past s ta t ion .  

DISCHbUGtr I h  CUBIC FEET PEY SECONO. UATER YEAR OCTOBER 1975  TO SEPTEMBER 1 9 7 6  
*€AN VALUES 

b a f  nc l  *CV DEC JAN FEtl MAR API1 YAY JUN JUL AUG SLP 

LAL v +  lu75  lOTAL 4.50 MtAN - 0 1 2  MAX 2.3 M I N  0 AC-FT 8 . 9  
b l w  V w  19.16 TOTAL ZC35.UU MEAN 7.20 MAX 1750 MlN  0 AC-FT 5 2 3 0  

PW; DISQURGE (BASE. 1,000 CFS).--Sept. 26 (1930) 7.800 c f s  (4.38 f t )  






