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This repor t  was prepared i n  accordance with the  request by the  Cit izens '  
Advisory Board, made on December 18, 1974, t h a t  the  Flood Control D i s t r i c t  (FCD) 
study t he  proposal of t he  McCulloch Propert ies t h a t  f lood control  s t ruc tures  
i n  Fountain H i l l s  be included i n  the  County f lood control  system. A 
preliminary repor t  was submitted on March 18, 1975. 

CULVERTS AND CKCWNELS 

Culverts. No data were furnished on t he  culver ts  nor t h e i r  capaci t ies .  It 
i s  believed t h a t  culver t  ma.intenance i s  the  respons ib i l i ty  of t he  road and 
highway agency and not a Flood Control responsibi l i ty .  Therefore, no fu r ther  
consideration i s  given t o  t he  Flood Control D i s t r i c t  accepting respons ib i l i ty  
f o r  culver ts .  

Channels. In general t he  channels a re  not improved except f o r  some clearing.  
They a re  more properly described as ordinary washes. It i s  recommended t h a t  
t he  washes not be accepted as  a Flood Control respons ib i l i ty  f o r  t he  following 
reasons : 

a .  Experience has shown t h a t  adjoining property owners may i n s i s t  
t h a t  washes be kept c l ea r  of brush, and t h a t  dumped debris  and 
waterborne deposits  be kept c lea r .  

b .  The Flood Control D i s t r i c t  i s  not  prepared a t  t h i s  time t o  
accept maintenance respons ib i l i ty  f o r  improved channels. I f  
we begin t o  accept washes i n  t h i s  area  the  program w i l l  mush- 
room rap id ly  i n t o  other areas.  It probably would be b e t t e r  
t o  wai t  u n t i l  major f lood control  projects  a re  near ly  complete 
before we consider accepting improved channels as a responsi- 
b i l i t y  of t he  Flood Control D i s t r i c t .  Unimproved washes 
normally are  not f lood control  projects .  

DAMS 

COMMENTS APPLICABLF: TO ALL DAMS 

Licenses. A l l  f i v e  s t ruc tures  have been approved and l icensed by t he  Arizona 
Water Commission (AWC) . 
Liab i l i ty .  The paramount consideration i n  studying these dams has been t he  
l i a b i l i t y  t h a t  the  Flood Control D i s t r i c t  incurs  when it accepts t he  dams f o r  
maintenance and operation. If a dam f a i l s ,  t he  Flood Control D i s t r i c t  might 
then be subject  t o  s u i t .  In  discussing t h i s  l i a b i l i t y  with the  administrator 
of insurance f o r  the  Flood Control D i s t r i c t  several  points were brought out:  

a. If the  f a i l u r e  were due t o  f a u l t y  design o r  construction, of 
which t he  Flood Control D i s t r i c t  had no knowledge o r  control ,  
the  D i s t r i c t  would probably not be l i ab l e .  However, i f  the  
D i s t r i c t  held  the  constructor f r e e  from l i a b i l i t y ,  the  
opposite might be t r ue .  



b.  The insurer  has no c r i t e r i a  upon which dams should be 
designed. I f  t he  dams were constructed i n  accordance with 
t he  c r i t e r i a  of some supervisory agency ( i n  t h i s  case, t he  
Arizona Water  omm mission) , reconstruction t o  a more rigorous 
c r i t e r i a  would not be required f o r  insurance coverage. 
Infrequent p robab i l i ty  of f a i l u r e  would make the  r i s k  low. 

c. I f  the re  were a f a i l u r e ,  the  r i s k  would increase and 
premiums would increase,  with t he  p o s s i b i l i t y  t h a t  
companies might not be w i l l i ng  t o  i s sue  insurance. 

d. It appears t h a t  our current  insurance program would not be 
adversely affected,  except t h a t  the re  might be some increase 
i n  cost  because t he  t o t a l  of dams i s  being increased. 

Soundness. The dams were designed by a qua l i f i ed  consultant who required 
t h a t  compaction be a t  95% of maximum density, with not l e s s  than ha l f  of 
t he  t e s t s  t o  be 97% o r  b e t t e r .  The s o i l  t e s t s  show compliance with t h i s  
requirement. It i s  concluded t h a t  the  dams a re  s t ruc tu r a l l y  sound. The 
t e s t s  of concrete cylinders f o r  t he  s t ruc tu r a l  concrete f o r  headwa.lls, 
cradles,  seepage co l l a r s ,  e tc . ,  show t h a t  s t rengths  a re  sa t i s fac tory .  

Spillways. Comments on t h e  p r inc ip le  spillways w i l l  be made i n  t he  discussion 
f o r  each dam. Comments on problems i n  t h e  emergency spillways are  a l so  included 
i n  discussion f o r  individual  dams. Generally, emergency spillways a r e  provided 
f o r  each dam; t he  capaci t ies  t o  pass major floods i s  dependent only upon the  
depth of water over the  spillway c r e s t .  The impact of t h i s  depth on dam height 
i s  discussed f o r  each dam. In  addition, t he  downstream slopes of the  emergency 
spillways a re  qui te  steep,  and ve loc i t i e s  may be high. Table 1 shows the  slopes 
of the  spillways, with an approximate value f o r  computed ve loc i ty i  Further 
discussion on t he  erosion hazard i s  made i n  comments f o r  each dam. 

Trash Barr iers .  These b a r r i e r s  consis t  of 8" posts  s e t  i n  a "v" shape at t h e  
i n l e t s .  The posts  are  creosoted and are  durable. However, they extend only a 
shor t  distance above t he  stream bed. Small t r a sh  w i l l  f l o a t  between t he  posts  
and probably w i l l  not lodge i n  t h e  pipes. Large _ t r a sh  may f l o a t  over t he  posts 
and through t he  gaps between t he  downstream posts  and t he  slope of t he  dam, and 
may block the  pipes.  Frequent, and perhaps cost ly ,  maintenance of t he  i n l e t s  
i s  probable. 

C r i t e r i a  f o r  Dam Height. The top of dam i s  based on the  max imum water surface 
i n  the  pool, which i s  i n  tu rn  control led by the  capacity of the  emergency and 
pr inc ip le  spillways. It i s  e s sen t i a l  t h a t  an e a r t h f i l l  dam not be overtopped 
and a l l  c r i t e r i a  are  developed upon t h i s  bas ic  pr inciple .  The f i v e  c r i t e r i a  
studied are  out l ined b r i e f l y .  

a .  The S o i l  Conservation Service (SCS) c r i t e r i a ,  January 1, 1970, 
f o r  Class C s t ruc tures  ( f a i l u r e  may cause l o s s  of l i f e  and serious 
damage) requires  t h a t  the  dam height be designed f o r  detention of 
a 6-hour Probable Maximum Precipi ta t ion (PMP). In t he  Trico 
design data  t h i s  storm was indicated as 19". 



b. The S o i l  Conservation Service i s  giving consideration t o  
modifying t he  storm f o r  dam height on a Class C s t ruc ture  
t o  a 6-hour thunderstorm d is t r ibu t ion .  This d i s t r ibu t ion  
and intensit-y a re  i n  general agreement with t he  Corps of 
Engineers Maximum Probable storm developed f o r  t he  Fountain 
H i l l s  area  which i s  a 6-hour 14.01" r a i n f a l l .  

c . The D i s t r i c t  Engineer, Los Angeles ( k g i n e e r  ~ a n u a l  ) , applies 
t he  c r i t e r i a  i n  Engineer Manual No. 1110-2-1101, February 19, 
1968; where t he  dam i s  upstream from human habi ta t ion,  the  
c r i t e r i a  requires safe  passage of the  Probable Maximum Pre- 
c ip i t a t i on ,  p lus  2' of freeboard, As s t a t ed  above, the  
Probable Maximum Precipi ta t ion i s  14.01" i n  6 hours. 

d. The D i s t r i c t  Engineer, Los Angeles  a am sa fe ty )  i s  using t he  
Preliminary Guideline f o r  Safety Inspection of Dams, 
August 1970, which s t a t e s  t h a t  where there  i s  hazard of 
some l o s s  of l i f e  f o r  f a i l u r e  of a small dam, t he  dam height 
should be based on 50% of t he  Probable Maximum Storm plus 
freeboard i n  accordance with l o c a l  experience. Gne-half the  
Maximum Probable Storm, as derived by t h e i r  hydrology section,  
i s  7". Arizona Water Commission has indicated a freeboard of 
3' i s  desirable.  

e .  The Arizona Water Commission has adopted a c r i t e r i a  by which 
these dams would f a l l  i n  t he  category of moderate hazard, 
medium s ize ,  requiring se lect ion of a Standard Project  Storm. 
The D i s t r i c t  Engineer derived t h i s  storm f o r  Fountain H i l l s  
as  5.99" i n  7 hours. To t h i s  pool elevation,  the  Arizona 
Water Commission advises 3' of freeboard, based on observed 
wave runup on dams i n  the  area  during a recent in tense  storm. 

Property Transfer. I f  t he  dams a re  accepted, descriptions of property w i l l  
be required. The property t o  be t rans fe r red  w i l l  include the  reservoir  areas, 
and areas covered by t he  dams and spillways. Descriptions may be made by 
t r a c t s  or  l o t s  on recorded p l a t s ,  or  by metes and bounds. 

Comments A ~ ~ l i c a b l e  To Individual  Dams 

Height. The top of dam i s  at elevation 1711.25, which i s  about -$" higher 
than t he  water surface elevation from the  PMP storm (19"). The dam i s  higher 
than t h e  elevation f o r  t he  other c r i t e r i a ,  except the  D i s t r i c t  Engineer 
( ~ n g i n e e r  Manual) c r i t e r i a .  See Table 2. 

Sewer Line. A sewer l i n e ,  s i z e  not  indicated,  i s  shown beneath t h e  dam. 
There i s  no v i s i b l e  evidence of the  sewer. Inasmuch as the  l i n e  i s  shown t o  
be i n  a trench excavated i n  cemented mater ia l ,  and was encased i n  concrete, 
no adverse e f f ec t  i s  forseen. 

Emergency Spillway. 

a. Upstream from the  concrete s i l l ,  t h e  m a t e r i d  i s  dense and 
compacted, p a r t l y  cemented. 



b. Downstream from the  s i l l  the  mater ia l  i s  so f t .  Runoff from 
r a i n f a l l  on t he  c r e s t  of t he  dam has caused s ign i f ican t  gullying 
i n  t he  material .  In  the  event of a major flow through the  s p i l l -  
way ve loc i t i e s  would be high (see Table 1) and ser ious  erosion 
would occur. Such serious erosion might cause problems downstream. 
In any event, maintenance w i l l  be cost ly ;  repa i r  of t he  rainwash 
i s  already required. 

c. The r i g h t  abutment i s  a dense, compact, p a r t l y  cemented v e r t i c a l  
cut  over 20' high. I f  t h i s  i s  t yp i ca l  of t he  o r ig ina l  mater ia l  
where t he  spillway i s  constructed, it appears t h a t  the  a rea  was 
excavated and t he  spillway constructed as a f i l l .  

Height. The top of dam, a t  elevation 1896.0, i s  s l i g h t l y  below the  SCS PMP 
and Modified SCS c r i t e r i a ,  we l l  below the  D i s t r i c t  Engineer ( ~ n g i n e e r  Manual) 
c r i t e r i a ,  and equal t o  o r  above the  Arizona Water Commission and D i s t r i c t  Engineer  am safe ty)  c r i t e r i a ,  (see Table 2 ) .  

Emergency Spillway. The spillway slope has about 6" uncemented mater ia l  on the  
surface; below t h a t  t he  mater ia l  resembles hmdpan. Velocit ies on t he  spillway 
i n  a major f lood w i l l  be ra ther  high and some erosion may occur, bu t  t h e  hardpan 
w i l l  probably withstand serious erosion. 

Concrete. The concrete paving a t  t h e  l e f t  and r i gh t  (edge of dam) s ides  of t he  
emergency spillway appears sound. However, t h e  expansion jo in t s  a re  not  
functioning and shrinkage cracks have developed outside t h e  jo in t s .  No serious 
adverse e f f ec t  i s  v isual ized but  regular inspection,  with repa i r  as required, 
i s  recommended. 

Height. The top of dam i s  above t he  elevation f o r  Modified SCS, AWC, and 
D i s t r i c t  Engineer  a am s a f e ty )  c r i t e r i a .  It i s  s l i g h t l y  below the  SCS PMP 
c r i t e r i a ,  and about 1' below the  D i s t r i c t  Engineer (Engineer Manual) c r i t e r i a  
(see Table 2 ) .  

Emergency Spillway. The mater ia l  i s  compact, granular material ,  with some 
cementation. Velocit ies i n  a major f lood may be f a i r l y  high and some erosion 
may occur bu t  serious erosion i s  not anticipated.  

Dam No. 7 

Height. The top of dam i s  above the  elevations s e t  by t he  Modified SCS, the  
AWC, and D i s t r i c t  Engineer  am sa fe ty )  c r i t e r i a .  It i s  approximately one foot  
below the  D i s t r i c t  Engineer ( ~ n g i n e e r  Manual) and SCS PMP c r i t e r i a  (see Table 2 ) .  

Saddle Dike. The plans show t h a t  a dike was t o  be constructed across a low 
saddle about 500' northwest of t he  dam; i t s  maximum height was t o  be approximately 
4 '  ( top elevation 1934.0). Apparently it was not constructed and i n  t h e  event of 
a major flood, by three  of t he  considered c r i t e r i a ,  water would flow across t he  
saddle. Under ex i s t ing  conditions t h e  overflow would proceed v i a  an adjoining 



wash t o  Dam No. 4 reservoir ;  there  would be no s ign i f ican t  difference i n  t he  

a impact of t h i s  flow as compared with flow only through t he  emergency spillway 
of Dam No. 7. Consideration of these flows w i l l  need t o  be given as fu ture  
development i s  planned i n  t he  washes. 

Emergency Spillway. Visua.1 inspection of the  surface showed much loose, granular 
material .  A s t a f f  member of AWC explained t h a t  during construction much hard 
rock was encountered. Further inspection (by FCD) l e d  t o  the  conclusion t h a t  
the re  were many huge boulders, with both hard-cemented and soft-granular 
materials  between t he  boulders. In  the  event of a major f lood passing through 
t he  spillway, ve loc i t i e s  would be very high over the  steep slope. Erosion would 
de f in i t e ly  occur and t he  loose granular mater ia ls  would be quickly washed away. 
It i s  probable t h a t  t h e  l a rge  boulders would not be moved, and smaller rocks 
would f i l l  t he  intervening spaces where granular mater ia l  was l o s t .  Some l o s s  
i n  spillway c r e s t  elevation might occur, but  t h e  spillway would probably 
s t a b i l i z e  before serious erosion occurred. 

Dam No. 4 

Outlet. The as  b u i l t  drawing f o r  the  p r inc ip le  spillway (2-60" pipes)  shows 
t h a t  No. 3 (3/8") re inforcing bars  a.t 18" center-to-center were used as 
longi tudinal  s t e e l  i n  t h e  concrete. It i s  preferred t h a t  t h e  bars  be No. 4 
a t  12" centers.  Examination of t he  s t ruc ture  i n  t he  f i e l d  indicated t h a t  no 
serious overstressing of t h e  s t e e l  i s  l i k e l y  t o  occur. 

Height. 

a. The top of dam i s  below the  elevation required by t he  SCS PMP, 
SCS Modified, and D i s t r i c t  Engineer ( ~ n g i n e e r  Manual) c r i t e r i a .  
It i s  about 6" below the  D i s t r i c t  Engineer ex am sa fe ty )  c r i t e r i a ,  
and meets t he  c r i t e r i a  of AWC. (see Table 2) .  

b. The spillway c r e s t  i s  a t  elevation 1716. The r i g h t  abutment f o r  
t he  spillway i s  a low ridge,  an estimated 6' higher than t he  
spillway. This elevation does not meet any of t he  c r i t e r i a  f o r  
height of dam, although it i s  higher than t he  computed water 
surface f o r  t he  c r i t e r i a  of t h e  AWC and t he  D i s t r i c t  Engineer  am safe ty) .  Inasmuch as t he  r idge i s  broad, shallow flow 
over it i s  not l i k e l y  t o  cause a serious problem; it should be 
recognized i n  computations f o r  downstream channels. 

Upstream Dams. The hydrography f o r  t h i s  dam was based on dams l!Tos. 6, 7 and 
11 being constructed. Dams Nos. 6 and 7 have been constructed bu t  Dam No. 11 
w i l l  not be constructed f o r  another year o r  two. For t h i s  reason, the  hydro- 
graphic design f o r  Dam No. 4 i s  inaccurate.  The design agency expressed the  
opinion t h a t  t he  p robabi l i ty  of a Maximum Probable, or  even Standard Project ,  
storm i s  a remote contingency and t h a t  a chance can reasonably be taken on 
operating Dam No. 4 as constructed u n t i l  Dam No. 11 i s  completed. 

Exergency Spillway. The boring log  shows t h a t  materials  i n  the  spillway, 
below the  c r e s t  elevation and below the  bottom of t he  s i l l ,  a re  sands, gravel ly  
sands, and clayey gravels.  Inspection shows t h a t  where t he  spillway cut  was 
3 t o  4' deep the  mater ia l  i s  compact and f i rm 6" below the  surface. Where t he  
cut  was shallow, the  mater ia l  i s  s o f t  and doesn' t  become compact f o r  a t  l e a s t  
1' below the  surface. Velocit ies w i l l  be high on the  spillway and erosion w i l l  



occur. Even though there  i s  r ip rap  and a concrete s i l l ,  t he  l o s s  of mater ia l  * may be serious enough t o  undermine those s t ruc tures .  

C ONC LUS IONS 

It i s  concluded with regard t o  the  proposal on Fountain H i l l s  t ha t :  

a. The Flood Control D i s t r i c t  i s  not i n  posi t ion t o  accept 
channels and culver ts .  

b. Dams Nos. 6, 7, 19, and 36 meet reasonable c r i t e r i a  f o r  
height above spillway floods. The height of Dam No. 4 
i s  questionable because Dam No. 11 has not ye t  been 
constructed. 

c.  The slopes of t he  emergency spillways on Dams Nos. 19, 7, 
and 4 are  susceptible t o  erosion and addi t ional  
s t ab i l i z a t i on  i s  advisable. The emergency spillways 
f o r  Dams Nos. 6 and 36 a re  acceptable. 

--.p-p--p-p-p- - - 

d. Trash b a r r i e r s  a re  substandard f o r  a11 dams. 

RECOMMENDATIONS 

It i s  recommended t h a t :  

a. Dam No. 19 be accepted provided -the- t r a s h  bar?cker-is 
modified to  my$- standard W i p e e i f i c a + i o n a  and-Chew 
spillway -s&qc@-be modified t o  prevent erosion below 
the  s i l l .  15 

c . Dam No. 6 be accepted provided t he  "&%s&.%d~ff- i r~~~-  
ff e&+jo--vflFp?- -sygBwp-E=mwm@5y 

d. Dam No. 7 be accepted 
a l L Z d 4  f . G e &  **me* w 

spillway i s  modified t o  prevent erosion. 

e.  D a m  No. 4 not be considered f o r  acceptance u n t i l  
Dam No. 11 i s  constructed. 

f .  Suitable t r ans f e r  of t i t l e  o r  right-of-way t o  affected 
lands be arranged f o r  dams when they a re  accepted. 



- ---- 

REC OMMErJDAT I ONS 

It i s  recommended t ha t :  

a .  Dam No. 19 be accepted provided t he  t r a sh  b a r r i e r  i s  
' modified t o  meet standard SCS specif icat ions  and t he  

spillway slope be modified t o  prevent erosion below the  
s i l l .  

b. Dam No. 36 be accepted provided the  t r a s h  b a r r i e r  i s  
modified t o  meet standard SCS specif icat ions .  

c .  Dam No. 6 be accepted provided t h e  t r a s h  b a r r i e r  i s  
modified t o  meet standard SCS specifica+tions. 

d. Dam No. 7 be accepted provided the  t r a sh  b a r r i e r  i s  
modified t o  meet standard SCS specif icat ions  and the  
spillway i s  modified t o  prevent erosion. 

e. Dam No. 4 not be considered f o r  acceptance u n t i l  
Dam No. 11 i s  constructed. 

f .  Suitable t r ans f e r  of t i t l e  or  right-of-way t o  affected 
lands be arranged f o r  dams when they are  accepted. 
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occur. Even though there  i s  r ip rap  and a concrete s i l l ,  t he  l o s s  of mate r ia l  
may be ser ious  enough t o  undermine those s t ruc tures .  a CONCWSIONS 

It i s  concluded with regard t o  t he  proposal on Fountain H i l l s  t h a t :  

a. The Flood Control D i s t r i c t  i s  not i n  pos i t ion  t o  accept 
channels and cu lver t s  . 

b. Dams Nos. 6, 7, 19, and 36 meet reasonable c r i t e r i a  f o r  
height above spillway floods.  The height of Dam No. 4 
i s  questionable because Dam No. 11 has not ye t  been 
constructed. 

c .  Tl?e slopes of t h e  emergency spillways on Dams Nos. 19, 7, 
and 4 are  suscept ible  t o  erosion and addi t ional  
s t a b i l i z a t i o n  i s  advisable. !l%e emergency spillways 
f o r  Dams Nos. 6 and 36 a re  acceptable. 

d. Trash b a r r i e r s  a r e  substandard f o r  a l l  dams. 

REC OMMENDRTI ONS 

It i s  recommended t h a t :  

a. Dam No. 19 be accepted provided t he  t r a s h  b a r r i e r  i s  
modified t o  meet standard SCS spec i f ica t ions  and t he  
spillway slope be modified t o  prevent erosion below 
t h e  s i l l .  

b. Dam No. 36 be accepted provided t h e  t r a sh  b a r r i e r  i s  
modified t o  meet standard SCS specif icat ion.  

c .  Dam No. 6 be accepted provided t he  t r a s h  b a r r i e r  i s  
modified t o  meet standard SCS specif icat ions .  

d. Dam No. 7 be  accepted provided t he  t r a s h  b a r r i e r  i s  
modified t o  meet standard SCS spec i f ica t ions  and t he  
spillway i s  modified t o  prevent erosion. 

e. Dam No. 4 not  be considered f o r  acceptance u n t i l  
Dam No. 11 i s  constructed. 

f .  Sui table  t r ans f e r  of t i t l e  o r  right-of-way t o  affected 
lands be arranged f o r  dams when they a re  accepted. 



Emergency Spillways 
Slopes md Approximate Velocit ies 

Asswned depth V (Ma.nningfs 
D a m  water on formula) n=.03 
No. Slope spillway f t . / sec .  . Crest 

4 05 2 ' 17 4' deep s i l l ;  
Cone. r ip rap  

26 nothing 

41 nothing 

4' deep 
conc. s i l l  

4' deep 
conc. s i l l ;  
r ip rap  



TABLE 2 

Top of Dam 

SCS 
19" Storm 

D i s t r i c t  Engineer 
( ~ n g i n e e r  Manua.1) 
14" + 2'  
Freeboard 

SCS 
Modified 14" 

D i s t r i c t  Engineer 
 am sa fe ty )  (7") 
+ 3' Freeboard 

AWC 
SPF (6") + 
3' Freeboard 

COMPARISON OF CRITl3RIA AND 
TOP OF D M ,  FOUrJTAIl!T HILLS 

DAMS 

NO. 4 NO. 6 NO. 7 



No (6.7) 

Yes 

? (-9) 

Yes 

moderate 

4' deep 
concrete & 
r iprap 

Yes 

some 

none 

ACCEPTABILITY OF DAM HEIGHT 
AND SPILLWAY MATERIAL 

4 6 7 19 36 

scs 19'' storm No (9-3) ? ( - 3 )  NO (09) Yes ? (05) 

SCS Modified 14" NO (4.7) Yes Yes Yes ? (.2) 

Corps of Engineers 
14" + 2' No (1.2) ? (-45) ? (2 .2 )  

AWC 6" + 3' Yes Yes Yes 

Corps of Engineers 
( ~ m  safety) 
7 " +  3' Yes Yes 

Spillway erosion serious some 

Spillway sill 4' deep 4' deep 
concrete concrete & 

riprap 

Yes 

moderate 

none 


