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1.1 Study Locat ion and Purpose 

Th is  s tudy p e r t a i n s  t o  a p o r t i o n  o f  t h e  Agua F r i a  R i v e r  which i s  l oca ted  

w i t h i n  t h e  c i t y  o f  Avondale, Arizona. More s p e c i f i c a l l y ,  t h e  s tudy  reach i s  

de f ined as t h a t  p o r t i o n  o f  t he  r i v e r  l oca ted  between Lower Buckeye Road and 

Broadway Boulevard. The downstream 1 i m i  t o f  t h e  s tudy  reach (Broadway B l  vd.) 

i s  l o c a t e d  approximately 1.5 m i l es  upstream o f  t h e  G i l a  R i v e r  conf luence. 

The purpose o f  t h i s  s tudy i s  t o  p rov ide  design parameters f o r  t h e  

placement o f  a new i n t e r c e p t o r  sewer across and beneath t h e  r i v e r .  The 

proposed i n t e r c e p t o r  sewer, which w i  11 p rov ide  a 1 i n k  between Avondal e's 

e x i s t i n g  wastewater t reatment  f a c i l i t y  and a new t rea tment  f a c i l i t y ,  w i l l  c ross 

t h e  Agua F r i a  R iver  approximately one-ha l f  m i l e  downstream o f  Lower Buckeye 

Road. The l o c a t i o n  and approximate al ignment o f  t h e  proposed i n t e r c e p t o r  sewer 

i s  shown on Figure 1. 

1.2 Previous Studies 

The study reach, as de f ined i n  t h e  prev ious  sec t ion ,  was inc luded i n  a 

h y d r a u l i c  and geomorphic ana lys is  o f  t he  Agua F r i a  R i v e r  t h a t  extended from the  

G i l a  R ive r  conf luence t o  the  New R ive r  conf luence (Reference 1). Th i s  ana lys i s  

d i v i d e d  i t s  study reach i n t o  ten  subreaches. The s tudy  reach as de f i ned  f o r  

t h e  present  i n v e s t i g a t i o n  (see Sect ion 1.1) was i d e n t i f i e d  as Reach 9 i n  t he  

prev ious study. The pr imary purpose o f  t h e  prev ious  ana lys i s  was t o  descr ibe 

t h e  channel and f l o o d p l a i n  c h a r a c t e r i s t i c s  as they  e x i s t e d  i n  1983. This  

ana lys i s  was performed f o r  t h e  l o - ,  25-, 50-, and 100-year events. The 

secondary purpose was t o  recommend conceptual f l o o d - c o n t r o l  measures and rev iew 

proposed cons t ruc t i on  p lans a1 ong se lec ted  subreaches. The study inc luded a 

th ree-1  evel  geomorphic ana lys is .  The f i r s t  l e v e l  i nvo l ved  a qual i t a t i v e  

eva lua t i on  o f  t h e  r i v e r .  A1 though t h e  qual i t a t i v e  a n a l y s i s  assessed h i s t o r i c  

t rends,  bo th  na tu ra l  and man-made, i t  was l i m i t e d  t o  general d e s c r i p t i o n s  o f  

t h e  e n t i r e  s tudy reach (Reaches 1 - l o ) ,  w i t h  more s p e c i f i c  d e s c r i p t i o n s  o f  

those se lec ted  subreaches where improvements were proposed. 

The second 1 evel o f  ana lys i s  invo lved an eng ineer i  ng-geomorphic study 

which i d e n t i f i e d  shor t - te rm and long- te rm aggradat ion and degradat ion 

tendencies, cons ider ing  t h e  mechanics o f  sediment- t ransport  theory. W i th in  

Reach 9, t he re  was n e i t h e r  a shor t - te rm tendency toward aggradat ion n o r  toward 
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degradation, since the reach was considered to be in equil ibrium. In the long- 
term, Reach 9 demonstrated a slight tendency toward aggradation. 

The third level of analysis, as presented within Reference 1, involved a 
computer simulation of the river's response (i.e., depth of general scour with 
respect to the channel bed) to the 100-year flood hydrograph. The results 
indicated that the anticipated response within Reach 9 was less than one-half 
of a foot. 

The geomorphic characteristics of the Agua Fria River, as identified in 
Reference 1, were used as a basis for comparison to the results obtained in a 
conceptual channelization study (Reference 2). The purpose of the second study 
was to evaluate the effects of channelization from 1-10 downstream to Buckeye 
Road, and to provide design requirements to pass the 100-year peak discharge 
beneath various bridged crossings. In addition to the 100-year event, this 
concept channelization study a1 so included an analysis of the lo-, 25-, and 50- 
year events. A three-level geomorphic analysis was again performed as part of 
this second study. In addition to defining the impact of channelization, the 
study defined the impact on those reaches located immediately upstream and 
downstream of the channelized reach of the river. 

A third study (Reference 3), which was similar to the second study, was 
a1 so performed to analyze the effects of channel ization. However, the 
channelized reach was extended upstream to Camelback Road, and the impact and 
design requirements associated with the Standard Project Flood were also 
assessed. Again, a three-level geographic analysis was performed. 

As a result of the latter two studies, the Agua Fria River was channelized 
from Indian School Road, downstream to Buckeye Road. According to the results 
obtained in these studies, the impact of channelization on the study reach, as 
defined for the present analysis (Lower Buckeye Road to Broadway Blvd), was 
considered insignificant. 

1.3 Studv Description 
In order to establish the required design parameters for the interceptor 

sewer, a site-specific hydraulic and geomorphic analysis of the study reach, as 
defined in Section 1.1, was performed. The hydraulic analysis was performed 
using the cross-sectional information associated with both Reach 8 and Reach 9, 
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as provided in Reference 1. Reach 8 applies to that portion of the Agua Fria 
River located between Buckeye Road and Lower Buckeye Road, and Reach 9 appl ies 
to that portion of the river located between Lower Buckeye Road and Broadway 
Boulevard (the study reach). However, the cross sections provided in Reference 
1 were revised to account for the construction of a new levee along both the 
east and west banks of Reach 8, and along part of the west bank of Reach 9. 

A two-level geomorphic analysis was performed to define the scour 
potential in the immediate vicinity of the proposed crossing. This two-level 
analysis involved (1) a qua1 i tative evaluation of historic bank erosion, 
lateral migration, and aggradation/degradation potentials within Reach 8 and 
Reach 9; and (2) a quantitative analysis, which was subsequently used to 
estimate the total scour depth during the 100-year event. The individual scour 
components evaluated as part of the quantitative analysis were general scour, 
antidune scour, local scour, and the formation of an incised low-flow channel. 

GENERAL SCOUR results in the lowering of the streambed by the entrainment 
of channel bed sediments. ANTIDUNE SCOUR results from the development of a 
sinusoidal bed-form that acts in phase with gravity water-surface waves. LOCAL 
SCOUR results from local disturbances in the flow path due to obstructions such 
as bridge piers and abutments, transmission towers, pipelines, and similar 
pi1 e- or non-pi le-supported structures. The accumulation of debris on the 
respective structures was also considered, since the effective width of the 
obstruction is significantly increased by the accumulation of debris; thereby 
i ncreasi ng the 1 ocal scour. 

Whenever a large width-to-depth ratio exists for a given alluvial channel, 
the formation of a low-flow channel must also be considered in evaluating 
potential scour depths and lateral-migration distances. In some instances, 
flows confined to a low-flow channel will develop higher velocities than the 
primary channel wi 11 devel op- --even during the high, 1 ess-frequent , flow 
events. 
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11. DISCUSSION AND RESULTS 

2.1 Q u a l i t a t i v e  Res~onse 

A q u a l i t a t i v e  ana lys i s  i n  t h e  immediate v i c i n i t y  o f  t h e  proposed c ross ing  

was performed us ing  (1) f l o w  records which da te  back t o  1960; (2) photographic 

records which da te  back t o  1976; (3) topographic i n fo rma t ion  which dates back 

t o  1957; (4 )  t he  r e s u l t s  o f  sed imen t -d i s t r i bu t i on  analyses which were performed 

on var ious  samples taken w i t h i n  t h e  study reach and adjacent  reaches; and (5) 

observat ions from a f i e l d  i n v e s t i g a t i o n  o f  t h e  study reach. C o l l e c t i v e l y ,  t h i s  

in fo rmat ion  was used t o  determine t h e  aggradat ion o r  degradat ion p o t e n t i a l  w i t h  

respect  t o  t h e  bed p r o f i l e  and t h e  e r o d i b i l i t y  o f  t h e  channel banks ( ie . ,  bank 

eros ion  and/or l a t e r a l  migra t ion)  along t h e  study reach. 

The r e s u l t s  o f  t h e  f i e l d  i n v e s t i g a t i o n  i n d i c a t e  t h a t  t h e  study reach 

e x i s t s  as a wide, braided, a l l u v i a l  channel. The banks and bed ma te r ia l  

c o n s i s t  most ly  o f  cohesionless sands and grave ls .  Th is  f a c t  was conf irmed by 

several  sed imen t -d i s t r i  b u t i o n  analyses o f  mater i  a1 c o l l  ected a t  va ry ing  depths 

along t h e  study reach. The banks o f  e i t h e r  t h e  main channel o r  low- f low 

channel a re  p o o r l y  def ined, and l a c k  s t a b i l i z i n g  vegeta t ion .  For t h e  most 

pa r t ,  i t  appears t h a t  t he  e x i s t i n g  banks are e i t h e r  t he  r e s u l t  o f  a g r i c u l t u r a l  

encroachment w i t h  uncompacted, f i l l  ma te r ia l  ; or,  are the  r e s u l t  o f  bars formed 

du r ing  r e l a t i v e l y  small f l o w  events. I t  a l so  appears t h a t  no geo log ic  c o n t r o l s  

e x i s t  a long the  study reach t o  1 i m i t  bed o r  bank eros ion  d u r i n g  a s i n g l e  f l o o d  

event . 
The type, dens i ty ,  and age o f  t he  vegeta t ion  (most ly  shrubs and grasses) 

w i t h i n  and along t h e  bars i n d i c a t e  t h a t  t he  bars are  probably overtopped w i t h  

s u f f i c i e n t  frequency t o  prevent t h e  formation o f  a more s t a b i l i z i n g  type o f  

vegeta t ion  (i .e., t r ees ) .  The bars a1 so conta ined evidence o f  m i g r a t i n g  low- 

f l o w  channels. I n  add i t i on ,  t he re  was no evidence o f  degradat ion along the  

study reach. The d i s t r i b u t i o n  o f  sediment s i zes  w i t h  respect  t o  depth would 

seem t o  i n d i c a t e  a s l i g h t  tendency fo r  aggradat ion. Therefore, t h e  p r o f i l e  

along t h e  study reach cou ld  probably be considered as e i t h e r  s t a b l e  o r  s l i g h t l y  

aggrading i n  t he  l ong  term. 
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A comparison of the topographic information shown on Figure 1 and Figure 2 
seems to indicate that the profile along the study reach is either stable or 
demonstrating a sl ight tendency toward aggradation. The topographic 
information on Figure 1 was prepared in 1957. The information on Figure 2 was 
obtained in 1981. The approximate thalweg elevation in the vicinity of the 
proposed crossing, as shown on Figure 1 and Figure 2, is 935.0 and 938.0, 
respectively. Although the accuracy of the mapping shown on the figures is 5 
feet and + 2 feet, respectively, there is no significant change noted when 
comparing these two maps. 

A review of the flow records indicates that the study reach is not 
subjected to flow events on a regular basis. This is primarily due to the 
existence of the Waddell Dam which controls approximately 1457 square miles of 
the 2340-square-mi 1 e watershed (with respect to the Gil a River confl uence) . In 
addition, the large storage capacity of the channel along the approximately 30- 
mile-long course between Waddell Dam and the study reach, coupled with 
relatively large infiltration rates, insignificant lateral inflows, and in- 
channel sand-and-gravel pits, have combined to el iminate most annual flow 
events. When notable flows do occur, the magnitude is such that they either 
create incised low-flow channels, or cause significant changes in the alignment 
and geometry of a low-flow channel that may have remained dormant for several 
years. 

Between 1960 and 1977, the study reach was subjected to two sizeable flow 
events that approximated 20,000 cfs. One event, estimated to be approximately 
20,000 cfs, occurred in December of 1967; and the other event, estimated to be 
approximately 20,600 cfs, occurred in September of 1971. These events were 
less than the 10-year event, which was defined in Reference 1 to be 
approximately 28,000 cfs. However, since historic photographs were not 
available to record the changes that occurred during each of these events, it 
was not possible to define the response of the channel. 

However, it should be noted that during this seventeen-year period, 
records were not available for two years (1973 and 1974) while the Buckeye Road 
bridge was under construction. In addition, there were six years when no flows 
were recorded. With the exception of the two flow events that approximated 
20,000 cfs, only four flows exceeded 1,000 cfs. The magnitude of these four 
flows were 4700 cfs in 1960, 3000 cfs in 1964, 8200 cfs in 1971, and 5180 cfs 
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i n  1972. Therefore, i t  i s  l i k e l y  t h a t  the  low-f low channel shown on the  

December 1976, ae r i a l  photograph (Figure 3) was created i n  p a r t  by the two 

20,000 c f s  events t h a t  occurred i n  1967 and 1971. 

Between December 1976 and December 1978 (Figure 4), the  study reach was 

subjected t o  one f l ow event t h a t  was estimated t o  be approximately 13,100 cfs.  

However, t he  r e l a t i v e l y  low magnitude associated w i t h  t h i s  event s t i l l  caused 

channel widening on the  order o f  200 feet w i t h i n  the  r e l a t i v e l y  s t r a i g h t  reach 

1 ocated immediately upstream of Lower Buckeye Road. Downstream o f  Lower 

Buckeye Road, the  southeastern bank (outs ide bend) o f  t h e  low-f low channel 

migrated i n  excess o f  360 feet .  

Between December 1978 and December 1980 (Figure 5), the  study reach was 

subjected t o  two f l ow events t h a t  were estimated t o  be 29,300 c f s  and 44,200 

c fs .  These discharge magnitudes, which occurred i n  December o f  1978 and 

December o f  1980, respect ively,  approximated the 10-year (28,000 c f s )  and 25- 

year (47,000 c f s )  event, as def ined i n  Reference 1. The estab l ished pre- f lood,  

low-f low channel t h a t  appears on the  1978 photo was e s s e n t i a l l y  e l iminated when 

180 f e e t  o f  the  west overbank area i n  the immediate v i c i n i t y  o f  Lower Buckeye 

Road was removed. At  the same locat ion,  approximately 930 f e e t  o f  the  east 

overbank area was a lso removed. The average widening between Lower Buckeye 

Road and Buckeye Road was 720 fee t .  This seems t o  conf i rm t h a t  the  study reach 

i s  aggrading, since aggrading channels tend t o  widen--- in con t ras t  t o  degrading 

channels, which tend t o  narrow. 

Between December 1980 and December 1983 (Figure 6), no s i g n i f i c a n t  f lows 

occurred along the study reach. However, i t  i s  apparent t h a t  a def inab le  low- 

f l ow channel i s  once again forming w i t h i n  the boundary o f  the  100-year 

f loodp la in .  To date, most bank erosion w i t h i n  t he  study reach and the 

immediate upstream reach (Buckeye Road t o  Lower Buckeye Road) has occurred as a 

combination o f  channel widening and l a t e r a l  migrat ion.  Th is  response i s  a 

t y p i c a l  cha rac te r i s t i c  o f  aggrading reaches o f  an a l l u v i a l  channel. However, 

continued urbanizat ion o f  the upstream watershed, coupled w i t h  channel i z a t i o n  - 

and attempts t o  l i m i t  peak discharges through t he  cons t ruc t ion  o f  l a r g e r  dams, 

could reverse the cur rent  tendency o f  s l i g h t  aggradation t o  one o f  degradation. 

Th is  t r a n s i t i o n ,  coupled w i t h  the  s inusoidal  alignment o f  t h e  newly-formed low- 

f l ow channel, could increase the po ten t i a l  f o r  channel i n s t a b i l  i t i e s  and/or 

l a t e r a l  m ig ra t ion  f o r  f lows t h a t  equal o r  exceed approximately 10,000 c fs .  
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2.2 Quantitative Response 
A geomorphic analysis was performed to determine approximate scour depths 

within the study reach during the 100-year event. The 100-year peak discharge 
used for the hydraulic analysis (95,000 cfs) was obtained from Reference 1. As 
previously mentioned, the study reach as defined for this analysis corresponds 
to Reach 9, as identified in Reference 1. Therefore, the cross sections which 
were used for the hydraulic analyses of Reach 9 within Reference 1 were also 
used to establish the hydraulic parameters associated with the study reach for 
this analysis, under the assumption that the future construction of a flood- 
control levee would occur within the project limits. 

The location of the cross sections used in this analysis are shown on 
Figure 2. The plotted cross sections are contained in Appendix A. As 
previously stated, the topographic information shown on Figure 2 was obtained 
in 1981. Since there have been no significant flows along the study reach 
since 1980, this information is adequate to establ ish the associated hydraul ic 
parameters. Figure 2 also shows the approximate location and alignment of the 
proposed interceptor sewer and flood-control levee. In addition, the 
approximate 1 imits of the geologic floodplain are shown on Figure 2. 

As with Reference 1, the hydraulic parameters within the study reach were 
established using the U.S. Army Corps of Engineers HEC-2 backwater model. The 
input/output listings are contained in Appendix B. The average hydraulic 
parameters along the study reach, for both existing and leveed conditions, are 
provided as follows: 

Existinq Conditions 

Maximum depth: 10.01 ft. 
Hydraul i c depth : 5.08 ft. 
Channel velocity: 6.19 fps 
Channel topwidth: 2787.50 ft. 
Energy slope: 0.0025 ft./ft. 
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Leveed Conditions 

Maximum depth: 9.44 ft. 
Hydraul ic depth: 5.54 ft. 
Channel velocity : 6.90 fps 
Channel topwidth: 2495.00. ft. 
Energy sl ope: 0.0027 ft./ft. 

As previously mentioned, the average hydraulic parameters associated with 
the leveed conditions were used to estimate all scour components, with the 
exception of general scour. The general -scour component, as determined by the 
Level-I11 analysis in Reference 1, was less than 0.5 feet. For design 
purposes, a minimum general-scour depth of one foot would be used for existing 
conditions. Since the HEC-2 analysis indicates that average hydraulic 
conditions within the study reach will not change significantly under leveed 
conditions, a minimum value of one foot for general scour is also valid for use 
in this analysis. 

Both the antidune-scour component and the local-scour component were 
determined using the equations and relationships provided in Reference 4. 
Antidune scour is assumed to be one-half the antidune height, which is measured 
from the crest of the antidune to the trough of the antidune. Equation 4.25, 
as provided in Reference 4, can be used to compute the antidune height. For 
this study, the equation was modified to allow for the computation of antidune 
scour directly. Local scour was computed using Equation 5.15b, as provided in 
Reference 4. The associated computations are contained in Appendix C. The 
resulting scour depths associated with the antidune component of the flow and 
the local scour at the footings which support Transmission Tower #109, as shown 
on Figure 2, are approximately 0.65 feet and approximately 13.8 feet, 
respectively. 

The average depth of the low-flow channel was determined to be 

approximately two feet. This value represents measured heights of existing and 

historic low-flow channels, as observed during field investigations which were 
conducted along the study reach. 
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Normally, the sum of the computed single-event scour components, with the 
exception of local scour, are mu1 tip1 ied by a safety factor of 1.3 to account 
for variations in the alignment of flow and non-uniform flow velocities and 
sediment distributions. Local scour is then added, if applicable, to define 
the total scour depth. However, due to the wide and shallow nature of the Agua 
Fria River along the study reach, it was felt that the individual components, 
as computed, may not actually represent the total scour potential associated 
with the study reach during a design flow event. 

As was observed during field investigations, and noted during the 
qualitative analysis, that the width of the low-flow channel is such that 
intermediate flows concentrating in the 1 ow-flow channel section may produce 
above-average flow velocities. This would, in turn, create larger scour depths 
than those computed using the average hydraulic parameters associated with the 
100-year event. Therefore, the individual scour components were multiplied by 
a 1.5 safety factor before they were summed, in order to account for this 
possibility. In addition, the 1.3 safety factor was also increased to 1.5 
before it was applied to the total scour computed. 

Based on the conditions described above, the depth of general scour 
increases to approximately 1.5 feet, the antidune scour increases to 
approximately 1.0 feet, the depth of the low-flow channel increases to 
approximately 3.0 feet, and the local scour increases to approximatley 20.7 
feet. Therefore, the total scour depth, excluding local scour, is estimated to 
be approximately 8.2 feet. When the local-scour component is added, the total 
scour depth becomes approximately 28.9 feet. 

To determine if local scour associated with a transmission tower will 
affect the interceptor sewer, it was first necessary to determine if the 
pipe1 ine would be located within the zone of influence of the local scour. The 
lateral extent of the scour hole was determined using Equation 18, as presented 
in Reference 5. The associated calculations are contained in Appendix C. The 
results indicate that the extent of the local scour hole extends approximately 
97 feet upstream of Transmission Tower #109. However, since the transmission 
tower is located approximately 240 feet downstream of the proposed crossing of 
the interceptor sewer, the effect of local scour at the tower will not impact 
the interceptor sewer. Therefore, the local-scour component may be eliminated. 
As a result, the depth of total scour, for design purposes, is approximately 
8.2 feet. 
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111. DESIGN RECOMMENDATIONS 

As noted i n  Reference 3, ' ES+&~&O 2 

t o  t h e  bank p r o t e c t i o n  which was r e c e n t l y  cons t ruc ted  along t h a t  p o r t i o n  o f  t h e  

Agua F r i a  R ive r  l oca ted  immediately upstream o f  Buckeye Road. I n  ou r  opinion, 

cons t ruc t i on  o f  levees along a  p o r t i o n  o f  t h e  study reach, as proposed by t h e  

U.S. Army Corps o f  Engineers, i s  j u s t  t h e  f i r s t  s tep  toward t h e  u l t i m a t e  

channe l iza t ion  o f  t h e  study reach. Therefore, i n  a n t i c i p a t i o n  t h a t  t h e  study 

reach would u l t i m a t e l y  be leveed and channel ized from i t s  present  w i d t h  o f  2600 

f e e t  t o  a  much narrower w id th  o f  1200 feet, t h e  design toe-down depth appl i e d  

t o  the  channel ized reach l oca ted  immediately upstream o f  Buckeye Road should 

a l so  be app l i ed  t o  t h e  study reach. Th 

Iwa.&n- 'thle'*r'*rm,a+m channel o f  t k.eb Agu"b"-k4-a -R+ve~. However, 

s ince  a  channel ized w id th  o f  1200 f e e t  does n o t  c u r r e n t l y  e x i s t ,  no r  w i l l  i t  

l i k e l y  e x i s t  w i t h i n  t h e  immediate fu tu re ,  t h e  recommended b u r i a l  depth should 

be app l i ed  t o  the  e n t i r e  3200-foot- long segment o f  t h e  i n t e r c e p t o r  sewer t h a t  

w i l l  be l oca ted  w i t h i n  i n  t he  geo log ic  f l o o d p l a i n  o f  t h e  Agua F r i a  River .  

S_i nceA&addw-1, ,on,~~aa~~~ = far d;.idf,f&writ =ggmen,ts o f  t h e  proposed 

d i  f r e r e n t  p o i n t s  a1 ong the proposed~a;l4gnment. To r e l  er ence t h e  v a ~ $ n ~ u . s ~  po\+n.ts 

where . th'e+-e.r-own el-evcrsCi-on w i  11 -'*change, re fe rence s t a t i o n s  were -establ4wtred 

a1,sng ~~~?.opost?d'"g";l" i"gg~t?t:. as" shown on F igure  +2. 

The s t a t i o n i n g  begins a t  t he  approximate l o c a t i o n  where t h e  Corps o f  

Engineers p lan  t o  i n s t a l l  a  p ro tec ted  f l o o d - c o n t r o l  levee adjacent  t o  t he  

southeast o f  t he  e x i s t i n g  t reatment  f a c i l i t y .  Since t h e  proposed al ignment 

extends i n  a  southeaster ly  d i r e c t i o n  from t h e  e x i s t i n g  f a c i l i t y  and the  

proposed levee, t h e  f i r s t  bend i n  t h e  i n t e r c e p t o r  sewer w i l l  be l oca ted  

approximately 2200 feet  ( S t a t i o n  22t00) from t h e  proposed levee. The l o c a t i o n  

where t h e  i n t e r c e p t o r  sewer e x i t s  t h e  geo log ic  f l o o d p l a i n  i s  approximate ly  3200 

f e e t  ( S t a t i o n  32t00) from the  proposed levee. 

The - t F & ~ e - l e o a  t i on * - iT i i ima i " a h - @ i m l i " ~ f i ~ ~  t h e  $ T V p p o ~ - e e u e ~ ~  - -* 
a p  f R o ~ . r T ~ * " ! 3 3 ' ;  5. Therefor , t he--ma~i*mkm--erown %"IW$t*-ii 3.t: f e- 

s h o . h l l d - b ; e ; ; q ~ m ~ # ~ l y  -928.0. The thalweg e l e v a t i o n  associated w i t  e 
~ ~ - ~ t ~ r o ~ - i u n a * F y - * ~ - : - 5 .  - T h e ~ e C o r . ~ b _ m a w i m u m -  crown -skg-a3~ t h  i s 

A "E -L _.------ 4 ..-=- 
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s t a t i o n  should be approximately 926.0. The thalweg e l e v a t i o n  associated w i t h  

S t a t i o n  32+00 i s  approximately 932.5. Therefore, t h e  maximum crown e l e v a t i o n  

a t  t h i s  s t a t i o n  i s  approximately 924.0. 

It i s  recognized t h a t  an attempt w i l l  be made t o  design t h e  p i p e l i n e  f o r  

g r a v i t y  f low, unless excessive b u r i a l  depths r e q u i r e  t h a t  a siphon be provided. 

Since t h e  toe-down depth f o r  t h e  proposed levee i s  approximately 14 f e e t  below 

the  adjacent ground e levat ion ,  t h e  proposed f low-1 i n e  e l e v a t i o n  on t h e  channel 

s ide  o f  t h e  levee f o r  t h e  new i n t e r c e p t o r  sewer w i l l  be approximately 920.3. 

This  e l e v a t i o n  i s  w e l l  below t h e  maximum crown e leva t i ons  discussed i n  the  

preceding paragraphs. Therefore, i t  appears t h a t  t he  toe-down e l e v a t i o n  f o r  

the  levee w i l l  c o n t r o l  t h e  design p r o f i l e  and/or e s t a b l i s h  whether o r  no t  a 

siphon w i l l  need t o  be prov ided along a p o r t i o n  o f  t h e  al ignment.  I f  a 

g r a v i  t y - f l o w  design can be es tab l ished s t a r t i n g  a t  t h i s  e leva t ion ,  t h e  design 

p r o f i l e  w i l l  be w e l l  below t h e  computed scour depths. However i f  a g r a v i t y -  

f l o w  design can n o t  be establ ished,  due t o  t h e  c o n t r o l 1  i n g  e l e v a t i o n  a t  t he  

levee, a siphon cou ld  be prov ided beneath t h e  levee. An attempt cou ld  then be 

made t o  design the  remaining p o r t i o n  o f  t h e  i n t e r c e p t o r  sewer f o r  g r a v i t y  f low.  



SLA, INC. 

1. This hydraulic and geomorphic analysis pertains to a portion of the Agua 
Fria River within Avondale, Arizona. The study reach is defined as 
extending from Lower Buckeye Road, downstream to Broadway Boulevard. 

2. The purpose of this analysis is to provide the design parameters for the 
placement of a new interceptor sewer beneath the river. The interceptor 
sewer will cross the Agua Fria River approximately one-half mile 
downstream of Lower Buckeye Road. 

3 .  Certain hydraulic and geomorphic characteristics of the study reach were 
defined in previous studies (References 1-3). However, these studies did 
not compile enough si te-speci fic information to provide the required 
design parameters associated with the study reach. 

4. The hydraulic analysis for this study was performed using the cross- 
sectional data provided in Reference 1. However, the data was modified to 
account for future construction of a flood-control levee within the study 

reach. This levee was designed by the U.S. Army Corps of Engineers. 

5 .  A two-level geomorphic analysis was performed along the study reach. The 
two levels were (1) a qualitative analysis, which established the historic 
trends of the river when subjected to various flow events; and (2) a 
quantitative analysis, which was used to determine the various single- 
event scour components (ie. general scour, antidune scour, and local 
scour). 

6. The results of the qualitative analysis indicates that study reach 
exhibits the characteristics of a aggrading channel, which compliments the 
formation of an incised meandering low-flow channel. Flow magnitudes 
significantly less than the 10-year peak discharge are capable of causing 
channel widening and/or migration distances in excess of 200 feet. In 
addition, there appear to be no geologic controls within the geologic 
floodplain which can limit either lateral-migration distances or scour 
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f l o o d p l a i n  which can l i m i t  e i t h e r  l a t e r a l - m i g r a t i o n  d is tances  o r  scour 

depths. 

7. The r e s u l t s  o f  t h e  q u a n t i t a t i v e  ana lys i s  i n d i c a t e  t h a t  t h e  t o t a l  s i ng le -  

event scour depth under leveed cond i t ions ,  exc lud ing  l o c a l  scour, would be 

approximately 8.2 fee t .  Local scour i s  excluded s ince  t h e  i n t e r c e p t o r  

sewer w i l l  n o t  be loca ted c lose  enough t o  TEP Transmission Tower # l o 9  t o  

be in f luenced by i t s  r e s u l t i n g  scour hole. 

8. Since i t  i s  l i k e l y  t h a t  t he  study reach w i l l  u l t i m a t e l y  be channel ized 

from i t s  e x i s t i n g  w id th  of 2600 f e e t  t o  a much narrower w id th  o f  1200 

f e e t ,  t h e  general toe-down depth associated w i t h  t h e  bank-protected levees 

which were r e c e n t l y  constructed between Buckeye Road and Van Buren 

Boulevard becomes the  recommended b u r i a l  depth associated w i t h  t h e  crown 

o f  t h e  proposed i n t e r c e p t o r  sewer. Th is  b u r i a l  depth i s  8.5 f e e t .  Also, 

because the  bank-protected levees w i l l  n o t  l i k e l y  be cons t ruc ted  w i t h i n  

t h e  immediate f u t u r e ,  t h i s  b u r i a l  depth should extend f o r  t h e  e n t i r e  3200- 

f o o t - l o n g  segment o f  the i n t e r c e p t o r  sewer t h a t  w i l l  be l oca ted  w i t h i n  the  

geo log i c  f l o o d p l a i n  o f  the  Agua F r i a  River .  

9. The recommended b u r i a l  depth ( i  .e., 8.5 f e e t )  i s  app l i ed  from the  thalweg 

e l e v a t i o n  t o  t h e  crown o f  t he  i n t e r c e p t o r  sewer. Since t h e  thalweg 

e l e v a t i o n  va r ies  along the  alignment o f  t h e  i n t e r c e p t ,  t h r e e  maximum crown 

e leva t i ons  were prov ided t o  a s s i s t  i n  e s t a b l i s h i n g  t h e  design p r o f i l e  f o r  

t h a t  p o r t i o n  o f  t he  p i p e l i n e  t h a t  w i l l  be l oca ted  w i t h  t h e  geologic  

f l o o d p l a i n .  

10. It appears t h a t  t h e  toe-downs f o r  t h e  bank-protected levee (which are t o  

be 14 f e e t  below the  adjacent ground e levat ion ,  and which w i l l  be 

cons t ruc ted  adjacent t o  t he  e x i s t i n g  t reatment  f a c i l i t y )  w i l l  determine 

t h e  requirement f o r  a siphon, as opposed t o  t h e  minimum design b u r i a l  

depth associated w i t h  the  i n t e r c e p t o r  sewer. 
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