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ATTENTION OF 

DEPARTMENT OF THE ARMY 
LOS ANGELES OISTRICT. CORPS OF ENGINEERS 

P.O. BOX 2111 
LOS ANGELES. CALIFORNIA 90053.2325 

November 4, 1986 

Office of the Chief 
1:ydrology & Hydraulics Branch 

Mr. Nicholas P. Karan 
Chief, Engineering Division 
Flood Control District of Maricopa County 
3335 West Durango Street 
Phoenix, Arizona 85009 

Dear Mr. Karan: 

In your letter, dated September 18, 1986, you requested our levee toe- 
down design criteria and calculations. This District's design practice calls 
for a nominal depth of toe protection of 10 feet below the river thalweg. 
This valve is increased or decreased depending on physical characteristics 
of the watercourse (natural and man-made) as well as flood characteristics 
occurring in the watershed. Also, per your request, we are enclosing two 
Hydraulic Section Memorandums for Record in which are detailed the rationale 
for development of depth of toe protection used in the Phoenix, Arizona and 
Vicinity (Including New River); General Design Memorandum for the Skunk Creek 
and the New and Agua Fria Rivers Feature. 

With regard to use of about 8.5 feet of toe protection below an 
equilibrium slope gradient, we understand that this is incorporated within a 
channel reach that includes several grade stabilizers, soil cement parallel 
banks with gentle curvature bends, and a relatively flat excavated invert. In 
contrast, the reach downstream of Buckeye Road, which contains the Corps' 
single levee system, remains a natural river bed with several braided channels 
that project toward the levees at relatively high angles of attack. Because 
of the high potential for river bed thalsleg meander in a medium composed of 
fine material, 10 to 15 feet of toe protection was deemed necessary for this 
reach. 

If you have any further questions concerning our response, please contact 
Mr. Rene Vermeeren of Hydraulics Section, at (213) 894-6995. 

Sincerely, 

Norman Arno 
Chief, Engineering Division 

Enclosure 



9 October 1985 

HEH0RANL)IM FOR REC6RD 

SUBJECT: Skunk Creek. New a d  Agua F r i a  Rivers Phase I1 General Design 
Memoraaium. Depth of Toe P ro tec t ion  f o r  Bank S t a b i l i z a t i o n  a d  
Levee Design 

a 1. On 12 September 1985, a meeting was held i n  Hydraulics Sec t ion  t o  d i s c u s s  
t h e  dep th  of t o e  p r o t e c t i o n  f o r  t h e  sub jec t  'p ro jec t  reach. Present  a t  t h e  
meetiug were t h e  f o l l o v i n g  s e c t i o n  personnel: Robert Schaetze l ,  Glean 
Mashburn, Rene Vermeeren, a d  Joe Evelyn. Two sepa ra t e  aua lyses  were 
coaiucted on t h i s  s u b j e c t  a d  documented i n  Menoradums f o r  Record by 
Mr .  Schaetze l ,  da ted  12 August 1985. a d  by Mr. Vermeeren d a t e d ,  
16 September 1985. Based on t h e  r e s u l t s  of both  analyses a d  subsequent 
d i scuss ions ,  t h e  fol lowing dep ths  of t o e  p r o t e c t i o n  were es t ab l i shed  by 3 

Mr.  Evelyn: 

Bank S t a t i o n  ~i;er s t a t i o n  ~ e p t h  of Toe ~ r o t e c t i o n  
- To From From - To - Below Thalwag ( f t . )  

Skunk Creek 
East Bank 

New River 
East Bank 



SPLED-BE 9 October 1985 
SUBJECT: StlfJECrcak. New a d  Agua Fria Rivers Phase I1 General Design 

. . 
m u m . .  Depth of Toe Protection for Bank Stabil ization ard 

West Bank 

231+50 - 255+00 232+60 - 255+00 10 

255+00 - 2 6 M O  255+00 - 267+00 13 

Agua Fria River 
East Bank 

7+86 - 26+27 162+50 - 149+00 

West Bank 

17+72 - 75+00 111+00 - 168+00 

A, J- 
RENE VERMEEREN 
Hydraulic Engineer 

CF: SPLED-DB 
(~arakawa) 



16 September 1985 

MEMORANDUM FOR RECORD 

SUBJECT: Toe P ro tec t ion  fo r  the  Proposed Levee and Bank pro tec t ion  Works on 
Skunk Creek, Mew and Agua F r i a  Rivers  from ACDC t o  G i l a  River 

1. Purpose: The purpose of t h i s  study is t o  determine t o e  depth p ro tec t ion  
f o r  t h e  p r o j e c t  noted above. 

2. In t roduct ion .  I n  gene ra l ,  the  depth of toe  p ro tec t ion  f o r  e i t h e r  l evees  
o r  bank p r o t e c t i o n  works is based on e s t ima tes  of gene ra l  degradat ion and 
maximum l o c a l  s cour  t h a t  would occuc dur ing  the  design f lood.  The genera l  
scour can be determined from a d e t a i l e d  sediment t r a n s p o r t  a n a l y s i s  conducted 
f o r  t h e  s u b j e c t  reaches.  However, i n  t h e  case where t h e  p ro tec t ion  runs  a long 
t h e  n a t u r a l  s t ream bank without the  use of g ro ins  o r  spu r  d ikes ,  a l i t e r a t u r e  
search  uncovered no t h e o r e t i c a l  or  empir ical  r e l a t i o n s h i p  app l i cab le  t o  
determine t h e  l c c a l  scour due t o  crossf lows impinging a g a i n s t  the  p r o t e c t i o n  
works. For t h i s  reason,  the  depth of  toe p ro tec t ion  should be based on p a s t  
performance o f  COE p r o j e c t s  and p a s t  experience of  t h e  engineer .  

I n  t h i s  s tudy,  t h e  r i v e r  c h a r a c t e r i s t i c s  of  s e v e r a l  p r o j e c t s  t h a t  have f a i l e d  
due t o  flow impingement w i l l  be examined t o  a i d  i n  determining t h e  appropr ia te  
toe  depth requi red  f o r  t h i s  pro jec t .  

3. Ex i s t ing  Pro.ject3. 

A review was made of various r epor t s  ( l i s t e d  i n  t h e  r e fe rences )  published 
by t h e  Los Angeles D i s t r i c t  descr ib ing  p a s t  p r o j e c t s  i n  which the  pro tec t ion  
works f a i l e d  due t o  floodflows t h a t  were l e s s  than deslgn flows. The r e n e w  
revealed t h a t  t h e r e  a r e  seve ra l  p ro jec t s  which appear t o  be s i m ~ l a r  t o  tne 
proposed p r o j e c t  from a s t a n d p ~ i n t  t h a t  they a r e  i n  wide meandering stream. 
These p r o j e c t s  a r e  on the  Santa Maria River,  Santa Clara  River ,  and San 
J a o i n t o  River. The mode of f a i l u r e  was common among these  p r o j e c t s  Ln t h a t  
t h e  p r o t e c t i o n  works, cons i s t ing  of r eve t t ed  l evees ,  were damaged by 
meandering flows t h a t  undermined t h e  s tone  p ro tec t ion  and by crossflows t h a t  
eroded p a r t s  of t h e  levee.  The types of  remedial measures taken t o  r e s t o r e  
these  p r o j e c t s  t o  t h e i r  o r i g i n a l  deslgn p ro tec t ion  inc lude  lowering the toe  
depth,  cons t ruc t ing  t r a i n i n g  d ikes  t o  reduce flow meanders, constructing o r  
r ebu i ld ing  g r o i n s  i n  a r e a s  of  flow impingement, and grouting of the revetment. 

4. Proposed P ro jec t .  

I n  o rde r  t o  e s t a b l i s h  an appropr ia te  depth of  toe  pro tec tzon  fo r  the  
proposed p r o j e c t ,  t h e  e x i s t i n g  p r o j e c t s  noted above were s e l e c t e d  f o r  genera l  
comparison of  design f ea tu res  and r i v e r  c h a r a c t e r i s t i c s .  It is thought t h a t  a 
comparison might r e v e a l  t rends  or  f a c t o r s  t h a t  should be considered i n  maklng 



16 September 1985 
SUBJECT: Toe P ro tec t ion  f o r  t h e  Proposed Levee and Bank Protec t ion  Works on 

Skunk Creek, New and Agua F r i a  Rivers from ACDC to Gi l a  River 

judgment on t h e  p r o j e c t  t o e  depth. The cu r ren t  design p r a c t i c e  within t h e  
Los Angeles District c a l l s  f o r  t o e  depth t o  extend a minimum of 10 f e e t  below 
t h e  thalweg, unless  some o t h e r  predominant f a c t o r  p r e v a i l s  i n  r e s i s t i n g  
eros ion  whereby t h e  t o e  depth may be reduced. Table 1 provides the  pe r t inen t  
information of both t h e  e x i s t i n g  and t h e  proposed p ro jec t s .  Any judgments 
drawn from t h i s  t a b l e  w i l l  be d iscussed  i n  the  conclusions. 



, . 
TABLE 1. COMPARISON OF RIVER CHARACTERISTICS 

EXISTING PROJECTS PROPOSED PROJECTS ,' 

Santa  S a n t a  San Agua 
Maria C l a r a  J a c i n t o  Skunk New F r i a  

Element River  R i v e r  R i v e r  Creek River  R i v e r  

R i v e r  s l o p e  .003 -003 .005 t o  .009 .0031 .00325 .003 

Design ( c f s )  150,000 t o  160,000 225,000 86,000 35,000 41,000 90, 000 
Discharge  

Design d e p t h  of 
f low ( f t )  

Design v e l o c i t i e s  ( f p s )  6.2 t o  16 7.8 t o  17.1 7 t o  15 4 t o  15 6 t o  14 'J to 9 

Approximate 
Floodf low width  (ft) 
Floodway wid th  ( f t )  

O r i g i n a l  t o e  d e p t h  ( f t )  
below b a c k f i l l  l i n e  13 t o  19 5 t o  7 10 t o  15 
below thalweg 10 t o  12 8 5 t o  10 

W 

Thickness  o f  r i p r a p  ( f t )  1.5 

P r o t e c t i o n  

1.5 1.5 
2.0 a t  t o e  

Riprap Riprap  Riprap  Grouted S o i l  cement S o i l  cement 
rock 

Flood Damage I n f o r m a t i o n  
Approximate 
Dama i n g  ( c f s )  25,000 35,0001/ 25,000 
~ i s c a a r g e  165,000- 

E s t .  d e p t h  o f  e r o s i o n  
below s t reambed ( f t )  12 13 - 2/ 

Impingement f low 
v e l o c i t y  ( f p s )  16 t o  18 N/A N/A 

1/ No l e v e e  damage a t  35,000 c f s ,  bu t  s e v e r e  e r o s i o n .  lb5,000 cfs was t h e  peak d iachdrye  d u r l n g  f l o o d  even t .  - 
2/ A t  o r  below e x i s t i n g  l e v e e  t o e .  - 

N/A - ~ o t  a v a i l a b l e  

ii' 
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Skunk Creek, New and Agua F r i a  Rivers from ACDC t o  Gi l a  River 

5. Other Considerat ions.  

Other no tab le  f a c t o r s  i n  determining toe  depth would be the  river 
alignment,  bed a a t e r i a l ,  h i s t o r i c a l  bank eros ion ,  and g rave l  mining. 
Accounting f o r  t hese  f a c t o r s  along with t h e  genera l  comparison t rends  would 
provide a  b a s i s  f o r  recommending t h e  t o e  depths. 

6. I n  1ocatior.s where t h e  banks may be sub jec t  t o  severe  angles  of a t t a c k ,  
such a s  on t h e  o u t s i d e  of  bends, a d d i t i o n a l  t o e  depth w i l l  be recommended. 
The amount w i l l  be based on t h e  maximum scour t h a t  occurred on t h e  e x i s t i n g  
p r o j e c t s  (shown i n  previous t a b l e ) .  

7. The type of  bed m a t e r i a l s  is an important f a c t o r  i n  t h e  degradat ion t r e n d s  
s i n c e  f i n e r  sand m a t e r i a l s  w i l l  g ene ra l ly  erode e a s i e r  than coa r se r  
ma te r i a l s .  To determine t h e  p o t e n t i a l  f o r  scour a  q u a l i t a t i v e  comparison of 
bed m a t e r i a l s  was made between t h e  e x i s t i n g  and proposed p ro jec t s .  The bed 
ma te r i a l s  on the  e x i s t i n g  p r o j e c t s  were noted a s  sand-bed streams,  whereas, on 
t h e  proposed p r o j e c t s ,  t h e  bed m a t e r i a l s  cons i s t  mainly of  sands on t h e  A g u  
F r i a  River with s i g n i f i c a n t l y  more g rave l s  and cobbles on t h e  New River and 
Skunk Creek. This  would gene ra l ly  i n d i c a t e  t h a t  the  p o t e n t i a l  f o r  scour  f o r  
the  proposed p r o j e c t s  would not  worsen s i n c e  the  bed rna ter la l s  a r e  coarser .  

8. Because of  t h e  l a c k  of  d a t a  on h i s t o r i c a l  bank e ros ion ,  t h i s  d i scuss ion  
w i l l  be l i m i t e d  t o  a  q u a l i t a t i v e  viewpoint using a e r l a l  photos. 
Unfortunately,  t h e  only f lood a e r i a l  photographs a v a i l a b l e  were on t h e  
Agua F r i a  River dur ing  t h e  1980 f lood f o r  p a r t  of the  s u b j e c t  reach and 
immediately a f t e r  t h e  1980 f lood f o r  t h e  e n t i r e  s u b j e c t  reach.  Examination of 
the  a e r i a l  photographs i n d i c a t e  t h a t  some bank eros ion  occurred on the  r i g h t  
bank downstream of Buckeye Road and t h a t  low flows d id  meander. However, due 
t o  t h e  l i m i t a t i o n s  of  t h e  photographs, it was not  poss ib l e  t o  determine i f  t h e  
bank e ros ion  was due d i r e c t l y  t o  t h e  meander of  low flows. It should be noted 
t h a t  t h e  alignment of  the  r i g h t  bank of the  proposed p r o j e c t  corresponds with 
t h e  n a t u r a l  r i g h t  bank. On t h e  l e f t  bank, t h e  proposed p r o j e c t  does not 
encroach wi th in  t h e  post-flood bank l i n e .  

9. Although g r a v e l  mining ope ra t ions  w i l l  be permitted i n  o r  near  t h e  s u b j e c t  
reaches,  s t r i c t  c o n t r o l  of  the  opera t ions  should be e s t ab l i shed  t o  avoid 
harmful e f f e c t s  such a s  a  l a r g e  g rave l  p i t  inducing degradat ion of t h e  
streambed o r  s t o c k p i l i n g  of ma te r i a l s  inducing meandering of the  f lcodflows 
toward a  bank. 

10. Conclusions 

General: Pas t  experiences with e x i s t i n g  Corps of Engineers '  p r o j e c t s  have 
provided ' invaluable  information i n t o  t h e  mechanism of f a i l u r e  of p r o t e c t i o n  
works i n  which t h e  floodflows were l e s s  than the  peak des ign  discharge.  For 
t h e  p r o j e c t  reaches ,  t h e  depth of  t h e  p ro tec t ion  w i l l  be designed t o  r e s i s t  
f a i l u r e  from undermining from both low flows a s  well a s  des ign  flows. The 
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recomended t o e  depths,  a s  d iscussed  i n  subsequent paragraphs f o r  each reach,  
a r e  based on p a s t  experiences,  cu r ren t  des ign  p r a c t i c e s ,  and o ther  
cons ide ra t ions  mentioned herein.  Table 2 summarizes t h e  recomended t o e  
depths  of  each reach. It should be noted that t h e  use of predic t ion  type  

9 equation-Lui (Ref. 11) should be appl ied  t o  t h e  s i t u a t i o n  f o r  which it  was 
intended fo r .  Deviation of Lu i ' s  equat ion may r e s u l t  i n  misleading scour 
depths. However, i n  t h i s  s tudy ,  i t  may be poss ib l e  t o  apply the  equat ion on 
the  l e f t  bank o f  the Agua F r i a  River a t  lower Buckeye Road. 

11. Skunk Creek. 

I n  comparing Skunk Creek t o  t h e  e x i s t i n g  p r o j e c t s ,  t h e  elements which 
appear s i m i l a r  a r e  t h e  r i v e r  ~ L o p e s ,  design v e l o c i t i e s ,  and depths. The 
elements t h a t  a r e  not similar a r e  the  design floodway width and design 
d ischarge .  The f a c t o r  t h a t  appears s i g n i f i c a n t  is t h e  flow width. It  can be 
concluded t h a t  s i n c e  t h e  flow widths i n  t h i s  reach a r e  much less than t h a t  of  
t h e  e x i s t i n g  p r o j e c t s ,  t h e  tendencies  f o r  low flows t o  meander a r e  reduced. 
Hence, t h e  banks a r e  l e s s  s u b j e c t  t o  severe  ang les  of  a t t a c k ,  which r e s u l t s  i n  
l e s s  l o c a l  scour  occurr ing  due t o  flow impingement. The r e s u l t s  of  t h e  
sediment t r a n s p o r t  a n a l y s i s  i n d i c a t e  that genera l  degradat ion would be l e s s  
than  one f o o t .  Therefore,  t h e  minimum t o e  depth below t h e  streambed of 
10 f e e t  is recmmended i n  t h e  s t r a i g h t  reach and 13 f e e t  on the  ou t s ide  bank 
of  t h e  curved reach. The 13 f e e t  is based on t h e  maximum scour  t h a t  occurred 
on t h e  Santa  Maria and Santa C l a r a  River P ro jec t s .  

12. New River .  

The des ign  elements and r i v e r  c h a r a c t e r i s t i c s  i n  t h e  reach from j u s t  
upstream of  Peor ia  t o  j u s t  downstream of  Olive a r e  very s i m i l a r  t o  t h e  Skunk 
Creek reach  wi th  t h e  exception t h a t  both s i d e s  of  t h e  channel w i l l  be 
s t a b i l i z e d .  Also, t h e  r e s u l t s  were t h e  sane  of t h e  sediment t r anspor t  
a n a l y s i s .  Therefore,  a  minimum of 10 f e e t  below t h e  thalweg is recommended 
except  on t h e  o u t s i d e  of bends where t o e  depth should be increased t o  13 f e e t ,  
and near  t h e  drop s t r u c t u r e  where t o e  depth should be increased  t o  15 f e e t .  
The 15 f e e t  is based on pas t  experience and engineer ing  judgment of l o c a l  
scour a t  a  s t a b i l i z e r .  

13. Agua F r i a  River.  

A comparison of the  design elements and r i v e r  c h a r a c t e r i s t i c s  i n d i c a t e  
t h a t  they a r e  very s i m i l a r  t o  t h e  e x i s t i n g  p r o j e c t s  except  f o r  t h e  flow 
v e l o c i t i e s ,  which a r e  s l i g h t l y  lower. The r e s u l t s  of t h e  sediment t r anspor t  
a n a l y s i s  i n d i c a t e  t h a t  genera l  degradat ion would be l e s s  than  one-foot f o r  t h e  
des ign  f lood.  I n  t h i s  reach,  t h e  r i v e r  is very wide and conduc~ve  t o  low flow 
meanders; which could a t t a c k  the  bank p r o t e c t i o n  a t  a  s eve re  angle.  
Considering t h i s  flow p a t t e r n  p lus  a l l  t h e  f a c t o r s ,  which a r e  genera l ly  
s i m i l a r  t o  t h e  e x i s t i n g  p r o j e c t s ,  it is reasonable  t o  conclude t h a t  the  
maximum t o e  scour  could be a s  deep a s  what occurred on t h e  e x i s t l n g  p ro jec t s .  
Therefore,  t o c  depth p ro tec t ion  of 13 f e e t  is recommended on both banks. 
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16 September 1985 

SUBJECT: Toe Protection for the Proposed Levee and Bank Protection Works on 
S k ~ k  Creek, New and Agua Fria Rivers from ACDC to Gila River 

TABLE 2. TOE DEPTH RECOMMENDATION 

DEPTH OF TOE PROTECTION 
BANK STATION BELOW THALWEG ( ft ) 

Skunk Creek 
East Bank 

New River 
Upstream Reach 

(East Bank) 

(West Bank) 

(Both Sides) 

Downstream Reach 
(East Bank) 

224+74 (Olive) - 232+75 
232~75 - 249+50 
249+50 - 302+44 

(West Bank) 
231+50 - 253+50 
253+50 - 26?+50 
263+50 - 309+50 
Agua Fria River 

(East Bank) 

(West Bank) 

l/Stations from plan view map, scale 1" = 500' - 
Stations approximated in curved reaches. 
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