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Maricopa County 
Department of Transportation 

Work Order No. 80407 
Date: July 9, 1996 

EXECUTIVE SUMMARY 

The following is a Summary Listing of the 16 Bridges that were evaluated for Scour and the 
Scour Assessment Results: 

1 9691 Bell Road Bridge over Agua Drilled Shaft - Scour Stable 
Fria River 

2 8981 Olive Avenue Bridge over Drilled Shaft Scour Stable 
Agua Fria River 

3 9301 Glendale Avenue Bridge over Spread Footings Scour Critical 
Agua Fria River 

4 9859 Camelback Road Bridge over Drilled Shaft Scour Stable 
Agua Fria River 

5 9145 Indian School Road Bridge Spread Footings and Scour Critical 
over Agua Fria River Drilled Shafts 

6 7819 Maricopa County Highway 85 Steel Pile Scour Critical 
Bridge over Agua Fria River 

7 8028 New River Road Bridge over Spread Footings Scour Critical 
New River 

8 8639 1-17 Frontage Road Bridge Spread Footings Scour Stable 
over New 
River 

unnamed wash 



INTRODUCTION 

The Federal Highway Administration (FHWA) has directed that all existing bridges over 
waterways be evaluated for the risk of failure from scour during a superflood on the order of 
magnitude of a 500-year flood. The Maricopa County Department of Transportation (MCDOT) 
owns approximately 11 1 bridges over waterways. In April 1995, MCDOT retained Cannon & 
Associates, Inc. Consulting Engineers as Prime Consultant to direct an interdisciplinary team 
of structural, hydraulic, and geotechnical engineers to evaluate 16 of these bridges to determine 
their vulnerability to scour. The study team includes: 

Cannon & Associates, Inc. Consulting Engineers 
Prime Consultant and Structural Engineer 

Morrison-MaierleICSSA 
Hydraulic Engineer 

AGRA Earth & Environmental 
Geotechnical Engineer 

Urban Engineering 
Field Surveys 

The procedures used for evaluating the bridges were developed in accordance with FHWA 
recommendations and guidelines included in Technical Advisory T 5 140.23, October 28, 1991 
and FHWA Hydraulic Engineering Circulars 18 and 20 (HEC-18 and HEC-20). 

The evaluation discharge is the lesser of the 500-year discharge or the discharge that just reaches 
the low chord elevation of the bridge. The purpose of the study is to evaluate for scour and to 
classify the bridges as follows: 

Scour Stable: Scour stable bridges are considered safe from catastrophic failure due to 
scour or erosion associated with a determinant discharge referred to as the 
evaluation discharge. 

Scour Critical: Scour critical bridges are considered to be at risk of catastrophic failure 
due to scour or erosion produced by the evaluation discharge. 

This report incorporates the findings of a preliminary scour assessment based on historical 
records, aerial photographs, site inspections, as-built plans, reports, and other available 
information. 

Cannon & Associates, Inc. 
Consulting Engineers 





BRIDGE 1 

BELL ROAD BRIDGE OVER AGUA FRIA RIVER 

Location Map 

Figure 1 





BRIDGE 1: BELL ROAD BRIDGE OVER AGUA FRIA RIVER (Structure #9691) 
Assessment: Scour Stable 

LOCATION: The Bell Road Bridge at the Agua Fria River lies on the section line between 
Section 1, T3N, RlW, and Section 36, T4N, RlW, Gila and Salt River Baseline and Meridian, 
coincident with the boundary line between Sun City West and the Town of Surprise, Arizona. 
See Location Map, Figure 1 and Aerial Photo, Figure 2. 

STRUCTURE: The bridge has nine spans with a total length of 1,105' from center-to-center 
of abutment bearings. (See Location Plan, Figure 3.) It has two 36-foot-wide roadways 
separated by a concrete median barrier and a sidewalk on the downstream side. The bridge was 
designed for a stream flow rate of 83,000 cubic feet per second (cfs), corresponding to a flood 
frequency interval of 50 years. The bridge was designed by Benson & Gerdin Consulting 
Engineers in 1981; it was built in 1982 as MCDOT Project No. 68067. 

The superstructure consists of prestressed concrete AASHTO I-girders with a cast-in-place 
reinforced concrete deck. Expansion joints are provided at the abutments and at Pier Numbers 
3 and 6. 

The abutments consist of a concrete cap beam, backwall, wingwalls, and an approach slab 
supported on three 5'-0" diameter drilled shafts. The drilled shafts are founded approximately 
68' below the exiting river flow line. Both abutments have zero skew with respect to the bridge 
centerline. 

The piers consist of a concrete cap supported on three 5'-0" diameter formed columns. The 
formed columns extend approximately 11 ' below the existing river flow line and are supported 
on three 6'-0" diameter drilled shafts that are founded approximately 68' below the flow line. 
The piers have zero skew with respect to the bridge centerline. 

EXISTING SCOUR PROTECTION: Scour protection at the east abutment consists of a 
gabion-lined elliptical guide bank extending approximately 470' upstream of the bridge 
centerline. The west abutment is protected by gabions along the west bank from a point 
approximately 300' upstream to a point approximately 600' downstream of the bridge centerline. 
The upstream end of the scour protection coincides with the outlet of a large drainage channel 
conveying stormwater from Sun City West. According to as-built plans, the gabions extend a 
minimum of 6' below the stream bed and approximately 33' out into the channel beyond the toe 
of the bank. Piers are also protected by gabions in the form of a 102' x 30' rectangle installed 
at a depth of 12' below grade. All gabions used for scour protection are 18" thick. 

A site inspection showed that the gabions lining the guide bank and the west bank are in good 
condition, except at the outlet at the Sun City West drainage channel where undermining has 
caused failure of several gabions. Also, residual scour holes between 1' and 2' deep were noted 
around the drilled shaft columns. This may indicate that deeper scour holes were formed during 
past flows and that insufficient material was transported into the holes as the flow receded to 
completely fill them. Bridge inspection reports from between 1982 and 1994 indicate no 
significant scour problems. 



STREAM FORM: The Agua Fria River at Bell Road is a braided stream with shallow to 
medium height point bars and middle bars distributed irregularly throughout the river bed. (See 
Figure 4.) There are two principal low flow channels--a large one flowing in a south-by- 
southwesterly direction near the center of the river bed and a smaller one near the west bank. 
The channels join immediately downstream of the bridge. 

LAND USE: Land use in the surrounding area is primarily residential, with some commercial. 
Large gravel mining operations are located in or along the Agua Fria, approximately 2 to 4 
miles upstream of the bridge and 2 miles downstream, near Grand Avenue. There is also some 
gravel mining in the east overbank of the river, -downstream of the bridge. 

Urbanization is anticipated to increase, possibly increasing the magnitude and volume of runoff 
to the river from small thunderstorms of low-to-medium return frequency. In terms of 
significance to bridge scour, the largest source of runoff will continue to be releases from the 
New Waddell Dam, approximately 15 miles upstream of the bridge. 

SURFACE SOILS Surface soils consist primarily of sand and gravel, with some cobbles. The 
estimated median diameter (D,,) of the surface soil is approximately 3 mm. The armoring 
potential of the river bed is estimated to be low. 

SLOPE: The slope of the river bed in the vicinity of the Bell Road Bridge, estimated from U.S. 
Geological Survey (USGS) 7.5 minute topographic maps, is 0.0032 ft/ft or approximately 17' 
per mile. 

VEGETATION: Vegetation observed on the banks and bottom of the Agua Fria River includes 
trees such as palo verde, mesquite, and ironwood; bushes and shrubs such as desert broom, 
creosote, ephedra, salt bush, and brittle bush; and low grasses. The larger trees occur with low 
to moderate density on established sand and gravel bars, and bushes and shrubs occur in stand 
of moderate density. The overall density of vegetation in the river is estimated to be low to 
moderate. Debris collecting on the piers is considered to be possible and is accounted for in the 
scour calculations. 

STREAM STABILITY: Overall lateral stability of the river at the bridge is provided by wire- 
tied gabions on the banks for short distances upstream and downstream of the bridge. Berms 
constructed as part of residential developments along the river banks also serve to maintain the 
overall lateral stability of the river. Although aerial photographs showed that the low-flow 
channel configuration has not changed appreciably since 1982, it must be assumed that low flow 
channels may move laterally when water is flowing in the river. 

There are no upstream or downstream grade control structures in the immediate area that would 
maintain vertical stability of the river bed at the bridge site. The gravel mining operations 
described previously are thought to have insignificant effect on channel elevations because they 
are either a significant distance away or are located in the overbanks. The long-term tendency 
of the stream bed is likely to degrade rather than aggrade, although no measurable degradation 
is observed at the bridge. 
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BELL ROAD (SN 969l) 

Water Course Agua Fria River 

Stream Form 
SinuosiQ 

General Channelization 

Channel Slope 
Estimated Channel SIope (ftm) 

Channel ContractionlExpansion 
Primary Surface Sediment Type 

Dm Size 
Armoring Potential 

Channel Vegetation 
TypelSize 

Relative Age 
Manning's Roughness Coef. 

Controls crtr Stseam Migration 
Lateral 

Vertical 
Sediment Deposits & Bars 

Evidence of Degradation 
Evidence of Aggfadation 

Evidence of Scour 
Pier 

Abutment 
Land Use 

Urbanization of Upstream Watershed 

Braided 
Not applicable 
East side has gabion spur dike USlDS to guide flow 
near structure. West side channel has gabion-lined 
banks for short distances USIDS. 
Uniform 
0.002544 
Wider US 
sand/gravel 
3 MNI 
Low 

Palo Verde to 10 fe., Mesquite, Ironwood; Desert 
Broom to 6 ft., Desert Willow, Creosote; Ephedra, 
Salt Bush, Brittle Bush; low grasses. 
Larger trees on established bars with low to moderate 
density; smaller shrubs low to moderate density in 
stands; smaller vegetation low Llensity. 
Mature 
0.030 

Limited; west side channel has gabion-lined banks for 
short distances USIDS. 
None 
Irregular distribution of shallow to moderate height 
point and middle bars. 
No 
No 

Land use commercial, high density residential, 
industrial; general assumption is for increasing 
urbanization. 

Sand & Gravel Extraction Significant gravel mining operation in DS LOB 
Freeway Construction No, but general roadway improvements are likely In 

vicinity. 
Dams New waddel contl-01s outflows from Lake Pleasant; 

McMicken Dam controls tail by wash watershed to 
Agua Fria through outfall channel. 

Drainage Channels Sun City \Nest drainage channel outfall just US of 
west abutment. 



CURRENT HYDROLOGY AND FLOW ANALYSIS: Large flows in the Agua Fria River 
at Bell Road come from controlled releases from the New Waddell Dam at Lake Pleasant, 
approximately 15 miles upstream of the bridge. Detention basins along Trilby Wash at the base 
of the White Tank Mountains also discharge to the Agua Fria River approximately 5 miles 
upstream of the bridge via the McMicken Dam Outlet Channel. Smaller flows come from off- 
site developed and undeveloped land, between Waddell Dam and the bridge. 

Available plans, flow records, and hydrologic models provided the following information: 

a. The flow and flood frequency used in the design of the bridge are 83,000 cfs and 50 
years, respectively. 

b. USGS data show that the largest recorded flood between 1961 and the present was 
58,400 cfs on December 19, 1978 as measured at El Mirage, Arizona at Grand Avenue, 
approximately 2 miles downstream of the bridge. 

c. The latest hydrologic model available from the Flood Control District of Maricopa 
County (FCDMC) estimates a 100-year flood at the bridge at 115,000 cfs. 

d. The 500-year flood (superflood) reported by the Federal Emergency Management Agency 
(FEMA) is 182,000 cfs. 

Generally, flows taken from published FEMA flood insurance studies (FIS) were given priority 
over other sources because of the substantial level of effort and review involved in their 
estimation. Although values for the more frequent recurrence intervals were included in the 
analysis for completeness, the critical discharge values were considered to be the 100-year flow 
and the lesser of the 500-year flow and the flow at the low chord elevation, based on HEC-18 
criteria and MCDOT requirements. 

F'LOW MODELING AND CALCULATION OF MAXIMUM FLOW: In accordance with 
MCDOT requirements, the critical flow for use in scour evaluations is the lesser of the 500-year 
flow and the flow that just reaches the low chord elevation of the bridge. In order to determine 
the controlling flow rate, a stage-discharge curve at a cross section at the bridge was prepared 
using the Manning equation for uniform flow. The upstream approach channel was subdivided 
based on channel roughness and morphology, and a portion of the total flow was estimated for 
each subdivision. An iterative process was then used to balance water surface elevation and total 
discharge in the cross section. Flows were also classified as channel or overbank for the 
purpose of estimating flow contraction and abutment scour. Values for the energy slope and 
Manning's roughness coefficient used in the analysis were taken as averages of suitable upstream 
and downstream sections from HEC-2 modeling studies of the 100-year discharge case provided 
by FCDMC. The points on the stage-discharge curve generated by the modeling are 
summarized in Table 1. 



Table 1. Stage-Discharge Curve 

Stage Dischawe, cfs Description 

Ql0 
Qso 
Ql, 

Low Chord 
Qsw 

The lesser of Qsw and the low chord flow (QLc) is to be used to calculate scour during the 
critical event. The critical flow for scour calculations is therefore 145,600 cfs. 

SCOUR CALCULATIONS: Scour at the bridge was calculated for Q,, and the critical flood 
(QLc) using methods described in FHWA Hydraulic Engineering Circular No. 18 (HEC- 18). 
Because little numeric data is available regarding long-term channel grade changes, total scour 
depths include 4' of long-term degradation or general scour, for natural channel conditions 
without adjustment for downstream grade controls or potential for armoring, which in the case 
of the Bell Road Bridge, is considered to be low. Scour calculations also adjust actual pier 
dimensions to allow for debris accumulation. The angle of attack was estimated as the 
difference between the approach angle of flow and the skew angle of the bridge. Results of the 
scour calculations and a summary of drilled shaft embedment are shown in Tables 2 and 3 
respectively. A schematic representation of scour at the piers during QLc is shown in Figure 5. 
Scour calculations are presented in full in the Technical Appendix. 

Table 2. Summary of Scour Calculations 
Q=115,000cfs Q=145,600cfs  

(Qloo) (QLc) 

a. Scour at Piers 

Contraction Scour, ft 
Local Scour, ft 
General Scour, ft 
Total Scour, ft 

b. Scour at Abutments 

Abutment Scour, ft 
General Scour, ft 
Total Scour, ft 



Table 3. Summary of Drilled Shaft Embedment 

Q = 95,000 cfs Q = 184,000 cfs 
(Qlm) (QLc) 

a. Embedment at Piers 

Channel Elevation 1147.8 1147.8 
Total Scour, ft . - 21.5 22.5 
Elev. Bottom of Scour Hole 1126.3 1125.3 
Drilled Shaft Tip Ele. 1080.0 1080.0 
Embedment Remaining, ft 46.3 45.3 

b. Embedment at Abutments 

Channel Elevation 1150.7 1150.7 
Total Scour, ft 16.1 18.1 
Elev. Bottom of Scour Hole 1134.6 1132.6 
Drilled Shaft Tip Elev. 1180.0 1080.0 
Embedment Remaining, ft 54.6 52.6 

STRUCTURAL EVALUATION: A structural analysis of the bridge piers for the QLc flood 
event was performed using a stiffness method of analysis that accounted for soil-structure 
interaction. The analysis included dead loads, live loads, and stream flow forces. The structural 
capacity of the concrete columns and drilled shafts, as well as the capacity of the soil, was 
evaluated. A separate analysis of the abutments was unwarranted as they are similar in 
construction to the piers, yet their loadings are considerably less. Structural calculations are 
presented in the Technical Appendix. 

CONCLUSIONS: Based on the structural evaluation, the Bell Road Bridge at the Agua Fria 
River has sufficient structural capacity to resist the loads resulting from flows up to and 
including 145,600 cfs, i.e., the low chord flow rate. The bridge is scour stable. 

DEFICIENCIES AND COUNTERMEASURES: Several gabions at the outlet of the Sun City 
West drainage channel have been damaged or destroyed by undermining and should be repaired 
or replaced. 
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Photo 1: View looking toward upstream face of structure across primary low flow 
channel. Note channel is generally gravelly sand with finer and coarser 
gradations locally. Also note approximately 5 feet of relief between 
channel and adjacent bar is typical of upstream channel. Further note 
vegetation typical of upstream ~hannel consisting of sparse grasses, scrub 
and occasionai mesquite and palo verde trees. 

Photo 2: View looking west along upstream face of structure. Note the generally 
sandy conditions existing immediately upstream of structure and the 
absence of vegetation. 



Photo 3: View looking downstream from bridge deck. Note primary low flow 
channel toward rip-rap along west bank and additional channel forms 
joining from the east in a generally braided form. Also note middle bar 
dividing the low flow channels. 

Photo 4: View looking approximately west across channel downstream of structure. 
Note generally braided stream form in this location. 



Photo 5: View looking east at upstream side of typical pile. Note variation in relief 
between bents of 2-3 feet was typical due primarily to variations in channel 
configuration. Also note that maximum depth of local scour at piers was 
2-3 feet. Sediment type typically ranged from med. sand to cobbly gravel 
in vicinity of piers. Waterway was generally clear without significant 
variations in cross-section. 





BRIDGE 2 

OLIVE AVENUE BRIDGE OVER AGUA FRIA RIVER 
. .. 

Location Map 

Figure 1 





BRIDGE 2: OLIVE AVENUE BRIDGE OVER AGUA FRLA RIVER (Structure #8981) 
Assessment: Scour Stable 

LOCATION: The Olive Avenue Bridge the Agua Fria River lies on the section line between 
Sections 25 and 36 of T3N, RlW, Gila and Salt River Baseline and Meridian, near the boundary 
line between Sun City and the Town of Surprise, Arizona. See Location Map, Figure 1 and 
Aerial Photo, Figure 2. 

STRUCTURE: The bridge has twelve spans with a total lqgth of 1,498' from center-to-center 
of abutment bearings. (See Location Plan, Figure 3.) It has 68-foot-wide clear roadway and 
a sidewalk on the downstream side. The bridge was designed for a stream flow rate of 102,000 
cubic feet per second (cfs), corresponding to a flood frequency interval of 100 years. The 
bridge was designed by Hoffman-Miller Engineers, Inc. in 1985; it was built in 1987 as 
MCDOT Project No. 68274. 

The superstructure consists of prestressed concrete AASHTO I-girders with a cast-in-place 
reinforced concrete deck. Expansion joints are provided at the abutments and at Pier Numbers 
4 and 8. 

The abutments consist of a concrete cap beam, backwall, wingwalls, and an approach slab 
supported on three 6'-0" diameter drilled shafts. The drilled shafts are founded approximately 
56' below the exiting river flow line. Both abutments have zero skew with respect to the bridge 
centerline. 

The piers consist of a concrete cap supported on three 5'-0" diameter formed columns. The 
formed columns extend approximately 2' below the existing river flow line and are supported 
on three 6'-0" diameter drilled shafts that are founded approximately 66' below the flow line. 
The piers have zero skew with respect to the bridge centerline. 

EXISTING SCOUR PROTECTION: Scour protection at the east abutment consists of a 
riprap-lined elliptical guide bank extending approximately 290' upstream and downstream of the 
bridge centerline. The west abutment is protected by a riprap-lined dike approximately 100' 
long on each side of the bridge centerline. The riprap on the guide bank and dike is 2.5' thick, 
with a median diameter (D,,) of 15", and it is keyed 5' into the channel bed at the toe. 
Downstream of the west abutment, the bank is lined with dumped riprap approximately 3,400' 
to the south. The lower part of this lining, which is keyed into the soil, is grouted. According 
to the as-built plans, the piers are protected by a 6' thick layer of dumped riprap placed around 
each column several feet below grade. 

A site inspection showed that all riprap linings are in good condition. The riprap around the 
piers was not visible. 

.. . 

STREAM FORM: The Agua Fria River at Olive Avenue is a braided stream with shallow to 
medium height point bars and middle bars distributed irregularly throughout the river bed. (See 
Figure 4.) There are two principal low flow channels--a large one flowing in a south-by- 
southwesterly direction near the center of the river bed and a smaller one near the west bank. 



The channels join immediately downstream of the bridge. 

LAND USE: Land use in the surrounding area is primarily agricultural and undeveloped desert, 
with some residential developments in the vicinity. Gravel mining operations are located in the 
west overbank downstream of the bridge; there was significant gravel mining in the channel 
downstream of the bridge. The remnant of this operation is still visible. 

Urbanization is anticipated to increase, possibly increasing the magnitude and volume of runoff 
to the river from small thunderstorms of low-to-medium return frequency. In terms of 
significance to bridge scour, the largest source of runoff will continue to be releases from the 
New Waddell Dam, approximately 20 miles upstream of the bridge. 

SURFACE SOILS: Surface soils consist primarily of sand and gravel, with some cobbles. The 
estimated median diameter (D,,) of the surface soil is approximately 3 mm. The armoring 
potential of the river bed is estimated to be low. 

SLOPE: The slope of the river bed in the vicinity of the Olive Avenue Bridge, estimated from 
U. S . Geological Survey (USGS) 7.5 minute topographic maps, is 0.0025 ftlft or approximately 
13 ' per mile. 

VEGETATION: Vegetation observed on the banks and bottom of the Agua Fria River includes 
trees such as palo verde, mesquite, and ironwood; bushes and shrubs such as desert broom, 
creosote, ephedra, salt bush, and brittle bush; and low grasses. The palo verde trees occur to 
moderate density upstream of the bridge and bushes and shrubs are sparsely distributed upstream 
but more densely downstream. The overall density of vegetation in the river is estimated to be 
low to moderate. Debris collecting on the piers is considered to be possible and is accounted 
for in the scour calculations. 

STREAM STABILITY: Lateral stability of the river at the bridge is provided by dumped 
riprap on the banks for upstream and downstream of the bridge. Although aerial photographs 
showed that the low-flow channel configuration has not changed appreciably since 1982, it must 
be assumed that low-flow channels may move laterally when water is flowing in the river. 

There are no upstream or downstream grade control structures in the immediate area that would 
maintain vertical stability of the river bed at the bridge site. The abandoned gravel mining 
operations described previously is thought to have a significant effect on channel elevation. 
Incising of the channel downstream of the bridge indicates that the long-term tendency of the 
stream bed is to degrade. 

CURRENT HYDROLOGY AND FLOW ANALYSIS: Large flows in the Agua Fria River 
at Olive Avenue come from the New Waddell Dam at Lake Pleasant, approximately 20 miles 
upstream of the bridge. Detention basins along Trilby Wash at the base of the White Tank 
Mountains also discharge to the Agua Fria River approximately 10 miles upstream of the bridge 
via the McMicken Dam Outlet Channel. Smaller flows come from off-site developed and 
undeveloped land between Waddell Dam and the bridge. 
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OLrVE AVENUE (SN 898 1 1 
Water Course Agua Fria River 

Stream Form 
Sinuosity 

General Channelization 

Channel Slope 
Estimated Channel Slope (ftlft) 

Channel ContractionlExpansion 
Primary Surface Sediment Type 

D50 Size 
Armoring Potential 
Channel Vegetation 

Relative Age 
Manning's Roughness Coef. 

Controls on Stream Migration 
Lateral 

Vertical 
Sediment Deposits 8 Bars 

Evidence of Degradation 
Evidence of Aggradation 

Evidence of Scour 
Pier 

Abutment 

Land Use 
Urbanization of Upstream Watershed 

Sand & Gravel Extraction 

Freeway Construction 

Braided 
Not applicable 
Channel DS of bridge along west bank is lined with 
dumped rip-rap for several hundred feet. Spur dikes 
USIDS east abutment guide flow near structure. 
Significantly steeper DS. 
0.0021 10 
Wider US 
sandlgravel 
3 MM 
Low 

Pato Verde to 8 ft., Desert Broom, Desert Willow, 
Creosote; Sage, Ephedra, Salt Bush; low dry grasses. 
Palo Verde moderate density US; smaller brush 
sparsely distributed US, denser DS; grasses 
moderately dense US, sparse DS. 
Young to mature. 
0.030 

Channel DS of bridge along west bank lined with 
dumped riprap for several hundred feet 
No 
Irregular distribution of shallow to moderate height 
point and middle bars. 
Yes, incising of channel DS of structure. 
No 

Residual local scour obsetved to be a maximum of 2- 
3 feet. 
No; potential for west abutment scour high due to 
main channel proximity. 

Lowto moderate rate; land use primarily agricultural, 
high density residential. 
Currently in overbanks; recently in channel 
immediately DS of structure. 
No 

Dams Nr 

Drainage Channels No 



Available plans, flow records, and hydrologic models provided the following information: 

a. The flow and flood frequency used in the design of the bridge are 102,000 cfs and 100 
years, respectively. 

b. USGS data show that the largest recorded flood between 1961 and the present was 
58,400 cfs on December 19, 1978 as measured at El Mirage, Arizona at Grand Avenue, 
approximately 3 miles downstream of the bridge. 

c. The latest hydrologic model available from the Flood Control District of Maricopa 
County (FCDMC) .estimates a 100-year flood at the bridge at 98,780 cfs. 

d. The 500-year flood (superflood) reported by the Federal Emergency Management Agency 
(FEMA) is 179,000 cfs. 

Generally, flows taken from published FEMA flood insurance studies (FIS) were given priority 
over other sources because of the substantial level of effort and review involved in their 
estimation. Although values for the more frequent recurrence intervals were included in the 
analysis for completeness, the critical discharge values were considered to be the 100-year flow 
and the lesser of the 500-year flow and the flow at the low chord elevation, based on HEC-18 
criteria and MCDOT requirements. 

FLOW MODELING AND CALCULATION OF MAXIMUM FLOW: In accordance with 
MCDOT requirements, the critical flow for use in scour evaluations is the lesser of the 500-year 
flow and the flow that just reaches the low chord elevation of the bridge. In order to determine 
the controlling flow rate, a stage-discharge curve at a cross section at the bridge was prepared 
using the Manning equation for uniform flow. The upstream approach channel was subdivided 
based on channel roughness and morphology, and a portion of the total flow was estimated for 
each subdivision. An iterative process was then used to balance water surface elevation and total 
discharge in the cross section. Flows were also classified as channel or overbank for the 
purpose of estimating flow contraction and abutment scour. Values for the energy slope and 
Manning's roughness coefficient used in the analysis were taken as averages of suitable upstream 
and downstream sections from HEC-2 modeIing studies of the 100-year discharge case provided 
by FCDMC. The points on the stage-discharge curve generated by the modeling are 
summarized in Table 1. 

Table 1. Stage-Discharge Curve 

Stage Discharge. cfs Descri~tion 

Q l O  
- 
QIOO 

QsOO 

Low Chord 



The lesser of Q,, and the low chord flow (QLc) is to be used to calculate scour during the 
critical event. The critical flow for scour calculations is therefore 179,900 cfs. 

SCOUR CALCULATIONS: Scour at the bridge was calculated for Q,, and the critical flood 
(Q,,) using methods described in FHWA Hydraulic Engineering Circular No. 18 (HEC-18). 
Because little numeric data is available regarding long-term channel grade changes, total scour 
depths include 4' of long-term degradation or general scour, for natural channel conditions 
without adjustment for downstream grade controls or potential for annoring, which in the case 
of the Olive Avenue Bridge, is considered to be low. Scour calculations also adjust actual pier 
dimensions to allow for debris accumulation.- The angle of attack was estimated as the 
difference between the approach angle of flow and the skew angle of the bridge. Results of the 
scour calculations and a summary of drilled shaft embedment are shown in Tables 2 and 3, 
respectively. A schematic representation of scour at the piers during Q,, is shown in Figure 
5. Scour calculations are presented in full in the Technical Appendix. 

Table 2. Summary of Scour Calculations 

a. Scour at Piers 

Contraction Scour, ft 0.0 0.0 
Local Scour, ft 23.9 27.1 
General Scour, ft - 4.0 - 4.0 
Total Scour, ft 27.9 31.1 

b. Scour at Abutments 

Abutment Scour, ft 0.0 0.0 
General Scour, ft - 4.0 - 4.0 
Total Scour, ft 4.0 4.0 

Table 3. Summary of Drilled Shaft Embedment 

Q = 98,780 cfs Q = 179,900 cfs 
(Qloo) (Qsoo) 

- .  a. Embedment at Piers 

Channel Elevation 1065.5 
Total Scour, ft 27.9 
Elev. Bottom of Scour Hole 1037.6 
Drilled Shaft Tip Elev. 1000.0 
Embedment Remaining, ft 37.6 



b. Embedment at Abutments 

Channel Elevation 1065.5 1065.5 
Total Scour, f t  4.0 4.0 
Elev. Bottom of Scour Hole 1061.5 1061.5 
Drilled Shaft Tip Elev. 1010.0 1010.0 
Embedment Remaining, ft 51.5 51.5 

STRUCTURAL EVALUATION: A structural analysis of the bridge piers for the Q,, flood 
event was performed using a stiffness method of analysis that accounted for soil-stnicture 
interaction. The analysis included dead loads, live loads, and stream flow forces. The structural 
capacity of the concrete columns and drilled shafts, as well as the capacity of the soil, was 
evaluated. A separate analysis of the abutments was unwarranted as they are similar in 
construction to the piers, yet their loadings are considerably less. Structural calculations are 
presented in the Technical Appendix. 

CONCLUSIONS: Based on structural evaluation, the Olive Avenue Bridge at the Agua Fria 
River has sufficient structural capacity to resist loads resulting from flows up to and including 
179,000 cfs, i.e., the 500-year flow rate. The bridge is scour stable. 

DEPICENCIES AND COUNTERMEASURES: The existing riprap keyed into the channel 
banks should be grouted to avoid undermining of the riprap. 
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Photo 1 : View looking upstream from west side of bridge deck. Note primary low 
flow channel composed of coarser material near bank with finer material 
toward bar. Also note west bank of main channel being undercut by flow 
and transition in bank relief fram relativelyshallow upstream to well defined 
near structure. Further note contrast in vegetation density between low 
flow channel and adjacent bar. Bar relief is approximately 5 feet above low 
flow channel. 

Photo 2: View of west bank of main channel looking upstream from bridge deck. 
Note placement of rip-rap upstream of west abutment to control lateral 
migration of primary low flow channel. 



Photo 3: View looking upstream from east side of bridge deck. Note secondary low 
flow channel impinging on east side of structure. Also note upstream left 
overbank is poorly defined with mild slope toward bench in background. 
Typical vegetation is sparse grasses, occasional low brush and moderately 
dense mesquite and palo verde trees. 

Photo 4: V w  looking toward upstream mid-channel from east side of bridge deck. 
Note secondary low flow channel in upper right. Also note relatively coarse 
nature of surface sediments and absence of vegetation typical of east side 
of main channel upstream of bridge. 



Photo 5: View looking downstream from west side of bridge deck. Note sharply cut 
banks of primary low flow channel as it trends toward middle of main 
channel downstream of structure. Also note effect of dip in channel 
(possible gravel pit) further downstream. Delta deposits forming from loss 
of stream energy and rapid deposition of sediment load. 

Photo 6: View looking approximately southeast from west bank across channel 
downstream of structure. Note typical relief from upper delta surface to 
channel bottom is approximately 8 feet. 



Photo 7: View looking upstream from channel toward west abutment. Note primary 
low flow channel trending toward center of main channel. Also note 
relatively steep channel slope. 

Photo 8: View looking west beneath bridge. Note sandy depression near mid-span 
of structure may increase flow turbulence locally. 



Photo 9: View of typical pile bent near west abutment. Residual local scour at piers 
was observed to be a maximum of approximately 2-3 feet. 
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GLENDALE AVENUE BRIDGE OVER AGUA FRIA RIVER 
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BRIDGE 3: GLENDALE AVENUE BRIDGE OVER AGUA FRIA RIVER 
(Structure #9301) 

Assessment: Scour Critical 

L l  LOCATION: The Glendale Avenue Bridge the Agua Fria River lies on the section line between 
Sections 1 and 2 of T2N, RlW, Gila and Salt River Baseline and Meridian, approximately 1 
mile west of the Town of Glendale, Arizona. See Location Map, Figure 1 and Aerial Photo, 
Figure 2. 

STRUCTURE: The bridge has six spans with a total length of 598' from center-to-center of 
abutment bearings and a 74' wide clear roadway. (See Location Plan, Figure 3.) The bridge 
was designed for a stream flow rate of 55,000 cubic feet per second (cfs), corresponding to a 
flood frequency interval of 50 years. The bridge was designed by Hoffman-Miller Engineers, 
Inc. in 1971; it was built in 1973 as MCDOT Project No. S-227(9). 

The superstructure consists of prestressed concrete AASHTO I-girders with a cast-in-place 
reinforced concrete deck. Expansion joints are provided at the abutments and at Pier Number 
3. 

The abutments consist of a concrete cap beam, backwall, wingwalls, and an approach slab 
supported on 17 driven steel piles. The piles are founded approximately 26' and 16' below the 
existing river flow line at Abutment Numbers 1 and 2, respectively. Both abutments are 
oriented with zero skew with respect to the bridge centerline. 

The piers are the solid concrete wall type on spread footings. The upstream end of the wall is 
equipped with a 90 degree steel nosing. The footings are founded approximately 17' below the 
existing river flow line. The piers are oriented with zero degree skew with respect to the bridge 
centerline. 

EXISTING SCOUR PROTECTION: According to as-built plans, scour protection is provided 
in the, form of elliptical guide banks at each abutment, covered with a layer of 12" thick wire- 
tied riprap. The plans show the riprap keyed approximately 7' into the river bed. No special 
scour protection at the piers was shown on the plans; however dumped riprap has been placed 
around each pier. 

A site inspection indicated that the wire-tied riprap lining was in generally good condition, 
although a break in the wire and minor unravelling of the riprap was noted at Abutment Number 
2, the east abutment. 

STREAM FORM: The Agua Fria River at Glendale Avenue is a braided stream with shallow 
to medium height point bars and middle bars distributed irregularly throughout the river bed. 
(See Figure 4.) Construction of a shallow earthen berm in the river bed intersecting the bridge 
at Pier Number 4 limits low flows to the four western spans of the six-span structure. 

LAND USE: Land use in the surrounding area is primarily undeveloped desert or light 
industrial. Large gravel mining operations are located in or along the Agua Fria River 



approximately 112 mile upstream of the bridge and 2 miles downstream, near Camelback Road. 
There is also some gravel mining in the east overbank of the river approximately 1 mile 
downstream of the bridge. 

Urbanization is anticipated to increase, possibly increasing the magnitude and volume of runoff 
to the river from small thunderstorms of low-to-medium return frequency. In terms of 
significance to bridge scour, the largest source of runoff will continue to be releases from the 
New Waddell Dam, is located upstream of the bridge. 

SURFACE SOILS: Surface soils consist primarily of sand and gravel, with some cobbles. The 
armoring potential of the river bed is estimated to be low. 

SLOPE: According to the as-built plans, the Agua Fria river in the vicinity of the bridge was 
graded at a slope of 0.002 ftlft or approximately 10.5' per mile when the bridge was 
constructed. Slopes based on 7.5 minute USGS topographic maps range from 0.0023 ftlft 
downstream of the bridge to 0.0028 ftlft upstream of the bridge. 

VEGETATION: Vegetation observed on the banks and bottom of the Agua Fria River includes 
trees such as palo verde, mesquite, and ironwood; bushes and shrubs such as desert broom, 
creosote, ephedra, salt bush, and brittle bush; and low grasses. Upstream of the bridge, the 
density of trees increases from low to moderate towards the west abutment; otherwise, 
vegetation is sparse, with low brush primarily towards the guide bank on the east side. 
Downstream of the bridge, there is a dense stand of trees and brush near a wastewater treatment 
plant outfall that discharges to the river downstream of the west abutment. Vegetation on the 
east side of the river downstream of the bridge is sparse to low density. Debris collecting on 
the piers is considered to be possible and is accounted for in the scour calculations. 

STREAM STABILITY: Lateral stability of the river at the bridge is provided by the riprap- 
lined guide banks at both abutments. Upstream of the western guide bank, pieces of broken 
concrete have been placed intermittently along the west river bank for a distance of 
approximately 1,000'. Further upstream, a section of grouted riprap lines the west bank. 
Extensive gravel mining operations on the east overbank between Glendale Avenue and Northern 
Avenue have altered the stability of the east side of the river. 

Although aerial photographs show that the location of the low-flow channel has not changed 
appreciably since 1984, it must be assumed that the thalweg may move laterally when water is 
flowing in the river. The earthen berm described previously provides some lateral stability for 
low flows but will not withstand erosive forces generated during extreme floods. 

CURRENT HYDROLOGY AND FLOW ANALYSIS: Large flows in the Agua Fria River 
at Glendale Avenue come from controlled releases from the New Waddell Dam at Lake Pleasant, 
approximately 22 miles upstream of the bridge. Detention basins along Trilby Wash at the base 
of the White Tank Mountains also discharge to the Agua Fria River approximitely 12 miles 
upstream of the bridge via the McMicken Dam Outlet Channel. Smaller flows come from off- 
site developed and undeveloped land between Waddell Dam and the bridge. 
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Water Course Agua Fria River 

Stream Form 
Sinuosity 

General Channelization 

Channel Slope 
Estimated Channel Slope (f@ft) 

Channel ContractionlExpansion 
Primary Surface Sediment Type 

D50 Size 
Armoring Potential 
Channel Vegetatin 

TypelSime 

Relative Age 
Manning's Roughness Coef. 

Controls on Stream Migration 
Lateral 

Vertical 
Sediment Deposits & Bars 

Evidence of Degradation 
Evidence of Aggradation 

Evidence of Scour 
Pier 

Abutment 
Land Use 

Urbanization of Upstream Watershed 

Sand & Gravel Extraction 

Freeway Construction 
Dams 

Drainage Channels 

Braided 
Not applicable 
Intermittent broken concrete rip-rap along west bank 
up to approximately 1000 ft. US, then approximately 
1000 f? of grouted rip-rap. Construction of shallow 
earthen berm intersecting bridge at pier 4 limits low 
flows to western 400 ft. of bridge. 
Uniform 
0.002047 
Constrained channel narrower UO 
sandlgravellcobhles 

Low 

Cottonwood to 20 ft., Mesquite, occasional Palo 
Verde, Ironwood; Deseri Broom to 7 ft., Deseri 
Willow, Creosote; Sage, Ephedra, Salt Bush; dry 
grasses. 
(US) Density of trees increases to moderate toward 
west abutment, elsewhere sparse; low brush primarily 
toward east side spur dike. 
(DS) Dense strand of trees, shrubs DS of west 
abutment s~gnifies ponding area; east side of channel 
sparse to low density. 
Mature 
0.049 

Spur diltes USIDS east abutment guide flow locally; 
limited slope protection on west bank 
None 
Irregular distribution of shallow point and middle bars. 
Sedimentation occurring in east side spans. 
No 
Graffiti obscured by sandigravel accumulation 
indicates local aggradation. 

Low rate; land use primarily agricult~~ral or 
undeveloped, light industrial. 
Large gravel operation immediately US has 
significantly encroached on east side of channel and 
crossed east overbanks. Limited to operations in DS 
east overbank. 
No 
No 
Nc 



Available plans, flow records, and hydrologic models provided the following infomation: 

a. The flow and flood frequency used in the design of the bridge are 55,000 cfs and 50 
years, respectively. 

b. USGS data show that the largest recorded flood between 1961 and the present was 
58,400 cfs on December 19, 1978 as measured at El Mirage, Arizona at Grand Avenue, 
approximately 5 miles downstream of the bridge. 

. . . . 

c. The latest hydrologic model available from the Flood Control District of Maricopa 
County (FCDMC) estimates a 100-year flood at the bridge at 90,700 cfs. 

d. The 500-year flood (superflood) reported by the Federal Emergency Management Agency 
(FEMA) is 177,000 cfs. 

Generally, flows taken from published FEMA flood insurance studies (FIS) were given priority 
over other sources because of the substantial level of effort and review involved in their 
estimation. Although values for the more frequent recurrence intervals were included in the 
analysis for completeness, the critical discharge values were considered to be the 100-year flow 
and the lesser of the 500-year flow and the flow at the low chord elevation, based on HEC-18 
criteria and MCDOT requirements. 

FLOW MODELING AND CALCULATION OF CRITICAL FLOW: In accordance with 
MCDOT requirements, the critical flow for use in scour evaluations is the lesser of the 500-year 
flow and the flow that just reaches the low chord elevation of the bridge. In order to determine 
the controlling flow rate, a stage-discharge curve at a cross section at the bridge was prepared 
using the Manning equation for uniform flow. The upstream approach channel was subdivided 
based on channel roughness and morphology, and a portion of the total flow was estimated for 
each subdivision. An iterative process was then used to balance water surface elevation and total 
discharge in the cross section. Flows were also classified as channel or overbank for the 
purpose of estimating flow contraction and abutment scour. Values for the energy slope and 
Manning's roughness coefficient used in the analysis were taken as averages of suitable upstream 
and downstream sections from HEC-2 modeling studies of the 100-year discharge case provided 
by FCDMC. The points on the stage-discharge curve generated by the modeling are 
summarized in Table 1. 

Table 1. Stage-Discharge Curve 

Stage Discharge. cfs Descrivtion 

18,000 QIO 

30,000 Assumed 
40,000 Assumed 
60,800 Low Chord 

177,000 Qsoo 



The lesser of Q,, and the low chord flow (QLc) is to be used to calculate scour during the 
critical event. The critical flow for scour calculations is therefore 60,800 cfs. 

SCOUR CALCULATIONS: Scour at the bridge was calculated for the critical flood (QLc) 
using methods described in FHWA Hydraulic Engineering Circular No. 18 (HEC-18). Because 
little numeric data is available regarding long-term channel grade changes, total scour depths 
include 4' of long-term degradation or general scour, for natural channel conditions without 
adjustment for downstream grade controls or potential for armoring, which in the case of the 
Glendale Avenue Bridge, is considered to be low. Scour calculations also adjust actual pier 
dimensions to allow for debris accumulation. The angle of attack was estimated as the 
difference between the approach angle of flow and the skew angle of the bridge. Results of the 
scour calculations and a summary of footing embedment are shown in Tables 2 and 3, 
respectively. A schematic representation of scour at the piers during QLc is shown is Figure 5. 
Scour calculations are presented in full in the Technical Appendix. 

Table 2. Summary of Scour Calculations 

Q = 60,800 cfs 
(QLc) 

a. Scour at Piers 

Contraction Scour, ft 
Local Scour, ft  
General Scour, ft 
Total Scour, ft 

b. Scour at Abutments 

Abutment Scour, ft 
General Scour, ft  
Total Scour, ft 

Table 3. Summary of Footing Embedment 

Q = 60,800 cfs 
(QLc) 

a, Embedment at Piers 

Channel Elevation 1041.5 
Total Scour, ft 24.5 
Elev. Bottom of Scour Hole 1017.0 
Bottom of Footing Elev. 
Embedment Remaining, ft 

/' 



CONCLUSIONS: Based on 
to resist flows of 60,800 cfs, 
The bridge is scour critical. 

the scour calculations, the piers do not have sufficient embedment 
i.e., the low chord flow rate and the footings do not bear on rock. 

COUNTERMEASURES: 

a. Install scour monitoring devices and close the bridge to traffic if scour reaches a 
predetermined critical depth; 

b. Construct a continuous concrete or grouted riprap sill across the width of the channel 
between and around the scour critical piers, with the sill keyed deeply into the channel 
bed at the upstream and downstream ends; 

c. Encase the pier in a reinforced concrete beam supported on drilled shaft foundations 
(underpinning) ; 

d. Replace the bridge with a new bridge supported on deep foundations. 
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Photo 1: View looking upstream from approximately mid-span of structure. Note 
low dumped gravel levee forming east bank of a primary channel with haul 
road to east of levee. Large flows might potentially collapse poorly 
constructed levee and allow flow to expand east. Note short reach of white 
concrete grouted riprap along west bank in background. Upstream 
vegetation gives sparse to moderate coverage of channel and includes low 
brush and small trees. Channel surface sediments consist primarily of 
sandv aravel with occasional coarse sand bars. 

Photo 2: View of wire-tied rip-rap placed along upstream side of west abutment. 
Note overgrowth and potential for debris capture. 



Photo 3: View looking downstream from approximately mid-span of bridge deck. 
Note extremely dense marshy vegetation immediately downstream of 
structure near west abutment. 

Photo 4: View along upstream face of structure from approximately mid-span of 
deck. Note the presence of significant mature vegetation adjacent to west 
abutment along low Row channel. Note increasingly sandy nature of 
surficial sediments near structure. 
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BRIDGE 4: CAMELBACK ROAD BRIDGE AT THE AGUA FRIA RIVER 
(Structure #9859) 

Assessment: Scour Stable 

LOCATION: The Camelback Road Bridge at the Agua Fria River lies at the comer of T2N 
R1W Sections 13 and 24 and T2N R1E Sections 18 and 19, at the west side city limit of 
Phoenix, Arizona. See Location Map, Figure 1 and Aerial Photo Figure 2. Map. 

STRUCTURE: The bridge has fifteen spans with a total length of 1,720' from center-to-center 
of abutment bearings. (See General Bridge Plans, Figure 3.) It has a 52-foot-wide clear 
roadway and a sidewalk on the upstream side. The bridge was designed for a stream flow rate 
of 95,000 cubic feet per second (cfs), corresponding to a flood frequency interval of 100 years. 
The bridge was designed by PRC Toups in 1982; it was built in 1984 as MCDOT Project No. 
68104. 

The superstructure consists of prestressed concrete AASHTO I-girders with a cast-in-place 
reinforced concrete deck. Expansion joints are provided at the abutments and at Pier Nos. 3, 6 ,  
9, and 12. 

The abutments consist of a concrete cap beam, backwall, wingwalls, and an approach slab 
supported on three 4'-0" diameter drilled shafts. The drilled shafts are founded approximately 
65' below the existing river flow line. Both abutments are oriented normal to the bridge 
roadway. 

The piers consist of a concrete cap beam supported on three 4'-0" diameter formed columns. 
The formed columns are supported on three 4'-0" diameter drilled shafts that are founded 
approximately 65' below the existing groundline. The piers have zero skew with respect to the 
bridge centerline. 

EXISTING SCOUR PROTECTION: According to as-built plans, scour protection at the west 
abutment consists of riprap-lined elliptical guide bank extending approximately 450' upstream 
and 300' downstream of the bridge centerline. The riprap covering the guide bank ranges 
between 2.5' and 3.5' thick, has a median stone diameter (D,,) of 16", and is keyed from 6' to 
9' into the bank. (The larger dimensions occur at the upstream end of the guide bank.) The 
east abutment is protected by a guide bank, curved at the upstream end and straight at the 
downstream end. The upstream end is covered with a 1.5' thick layer of grouted riprap, the 
downstream end with a 2.5' thick layer of dumped riprap. The riprap is keyed approximately 
4' to 6' into the stream bed. There is also a secondary dike branching from the back side of the 
east abutment guide bank that connects with the roadway embankment of the north side of the 
bridge. This secondary dike was designed to intercept runoff flowing west along the north side 
of the road and deflect it over the grouted riprap section of the guide bank, Piers are protected 
by a 5' thick layer of dumped riprap approximately 5' below grade. .- - 

A site inspection showed that for the most part the scour protection was in good condition. 
Some undermining and loss of riprap was noted on the downstream end of the east abutment 
guide bank, where a low flow channel had undercut the toe of the riprap. 



STREAM FORM: The Agua Fria River at Camelback Road is a braided stream with shallow 
to medium height point bars, alternated and middle bars distributed irregularly throughout the 
river bed. (See Figure 4.) There is one principal low flow channel the near east bank. 

LAND USE: Land use in the surrounding area is primarily agricultural or undeveloped desert, 
with some residential developments in the vicinity. Gravel mining operations are located in the 
west overbank downstream of the bridge; there was significant gravel mining in the channel 
downstream of the bridge, the remnant of which is still visible. 

Urbanization is anticipated to increase, possibly increasing the magnitude and volume of runoff 
to the river from small thunderstorms of low-to-medium return frequency. In terins of 
significance to bridge scour, the largest sources of runoff will continue to be releases from New 
Waddell Dam on the Agua Fria River approximately 24 miles upstream of the bridge, and New 
River Dam on New River, approximately 15 miles upstream. 

SURFACE SOILS: Surface soils consist primarily of sand and gravel, with some cobbles. The 
estimated median diameter (D,,) of the surface soil is approximately 1 mrn. The armoring 
potential of the river bed is estimated to be low, although the low flow channel upstream of the 
bridge appeared to be well-armored during the site investigation. 

SLOPE: The slope of the river bed in the vicinity of the Camelback Road Bridge, estimated 
from U.S. Geological Survey (USGS) 7.5 minute topographic maps, is 0.0024 -ft/ft or 
approximately 12.5 ' per mile. 

VEGETATION: Vegetation observed on the banks and bottom of the Agua Fria River includes 
trees such as palo verde; bushes and shrubs such as desert broom, desert willow, creosote and 
ephedra; and low grasses. The overall density of vegetation in the river is estimated to be low 
to nearly barren, with the lower densities occurring downstream of the bridge, probably due to 
past gravel mining activities. Debris collecting on the piers is considered to be possible and is 
accounted for in the scour calculations. 

STREAM STABILITY: Overall lateral stability of the river at the bridge is provided by the 
guide banks at the bridge abutments. A review of aerial photographs showed that between 1989 
and 1995 the low-flow channel has varied between the east abutment and the eastern quarter of 
the bridge; therefore, it must be assumed that the low flow channel may move laterally to any 
of the piers when water is flowing in the river. 

The location of the low flow channel (or channels) may depend on the flow rate in the three 
major channels upstream of the bridge: The Agua Fria River, New River, and the Colter 
Drainage Channel. New River discharges to the Agua Fria River approximately one-half mile 
above the bridge on the east side of the river; its angle of entry into the main river is such that 
a low flow channel would tend to form between the middle of the bridge and the east abutment 
if it were the only stream flowing. The Colter channel discharges to the ~ & a  Fria River 
immediately upstream of the west abutment guide bank. Depending on the discharge, the Colter 
channel could cause low flow channels to form between the middle of the bridge and the west 
abutment. 
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Water Course 

Stream Form 
Sinuosity 

General Channelization 
Channel Slope 

Estimated Channel Slope (ftlit) 
Channel ContractionlExpansion 
Primary Surface Sediment Type 

D50 Size 
Armoring Potential 
Channel Vegetation 

TypeISize 

Relative Age 
Manning's Roughness Coef. 

Controls on Stream Migration 
Lateral 

Vertical 
Sediment Deposits ts Bars 

Evidence of Degradation 
Evidence of &gradation 

Evidence of Scour 
Pier 

Abutment 
Land Use 

Urbanization of Upstream Watershed 

Sand & Gravel Extraction 

Freeway Construction 

Agua Fria River 

Braided 
Not applicable 
None 
Steeper DS 
0.002343 
Wider US 
sandlgravel 
1 MM (estimate) 
LOW, but low ROW channel US is armored. 

Palo Verde to 7 ft., Desert Broom to 5 ft., Desert 
Willow; Creosote, Ephedra; dry grasses. 
(US) Low density vegetation occurs on bars. 
(DS) Nearly barren except for a few isolated stands. 

Generally none; spur dikes USIDS of abutments guide 
flow locally. 
None 
(US) Low to moderate height point, alternate and 
middle bars. 

Some exposure due to position of low flow thalweg 
near east side piers. 
No 

Low to moderate rate; land use a combination of 
agricultural, high density residential, and industrial. 
General assumption is for increasing urbanization. 
Has occurredlcurrently underway USIDS of bridge. 
Note development of elongate pond in old pit 
approximately 1500 ft. DS of bridge. 
No 

Dams No 

Drainage Channels Colter channel joins river approximately 400 ft. west 
abutment. 



There are no upstream or downstream grade control structures in the immediate area that would 
maintain vertical stability of the river bed at the bridge site. The abandoned gravel mining 
operation in the channel described previously is thought to have a significant effect on channel 
elevation. Observation of incising of the channel downstream of the bridge indicates that the 
long-term tendency of the stream bed is to degrade. 

CURRENT HYDROLOGY AND FLOW ANALYSIS: Large flows in the Agua Fria hve r  
at Camelback Road come from controlled releases from the New Waddel Dam at Lake Pleasant, 
from New River Dam on New River and from the Colter Drainage Channel. Detention basins 
along Trilby Wash at the base of the White Tank Mountains also discharge to the A s a  Fria 
River approximately 15 miles upstream of the bridge via the McMicken Dam Outlet Channel. 
Smaller flows come from off-site developed and undeveloped lands between the upstream dams 
and the bridge. 

Available plans, flow records, and hydrologic models provided the following information: 

1. The flow and flood frequency used in the design of the bridge are 95,000 cfs and 100 
years, respectively. 

2 .  USGS data show that the largest recorded flood between 1961 and the present was 
58,400 cfs on December 19, 1978, as measured at El Mirage, Arizona at Grand Avenue, 
approximately 3 miles upstream of the bridge. 

3. The latest hydrologic model available from the Flood control District of Maricopa county 
(FDCMC) estimates a 100-year flood at the bridge of 95,000 cfs. 

4. The 500-year flood (superflood) reported by FEMA is 184,000 cfs. 

Generally, flows taken from published FEMA flood insurance studies (FIS) were given priority 
over other sources because of the substantial level of effort and review involved in their 
estimation. Although values for the more frequent recurrence intervals were included in the 
analysis for completeness, the critical discharge values were considered to be the 100- year flow 
and the lesser of the 500-year flow and the flow at the low chord elevation, based on HEC-18 
criteria and MCDOT requirements. 

FLOW MODELING AND CALCULATION OF CRITICAL FLOW: In accordance with 
MCDOT requirements, the critical flow for use in scour calculations is the lesser of the 500- 
year flow and the flow that just reaches the low chord elevation of the bridge. In order to 
determine the controlling flow rate, a stage-discharge curve at a cross-section at the bridge was 
prepared using the Manning equation for uniform flow. The upstream approach channel was 
subdivided based on channel roughness and morphology, and a portion of the total flow was 
estimated for each subdivision. An iterative process was then used to balance water surface 
elevation and total discharge in the cross section. Flows were also classified as channel or 
overbank for the purpose of estimating flow contraction and abutment scour. Values for the 
energy slope and Manning's roughness coefficient used in the analysis were taken as averages 
of suitable upstream and downstream sections from HEC-2 modeling studies of the 100-year 



discharge case provided by FCDMC. The points on the stage-discharge curve generated by the 
modeling are summarized in Table 1. 

Table 1. Stage-Discharge Curve 

Stage Discharge. cfs Description 

23,000 Qlo 
69,000 - 
95,000 -QIM 

184,000 Qsoo 
207,300 Low Chord 

The lesser of Q,, and the low chord flow (Q,) is to be used to calculate scour during the 
critical event. The critical flow for scour calculations is therefore 184,000 cfs. 

SCOUR CALCULATIONS: Scour at the bridge was calculated for Q,, and the critical flood 
(Q,,) using methods described in FHWA Hydraulic Engineering Circular No. 18 (HEC-18). 
Using approximate methods, it was calculated that long-term degradation or general scour, 
would be 10' at the bridge due to headcutting of a large gravel pit downstream of the bridge. 
(The armoring potential of the river against headcutting and degradation in general is considered 
to be low.) Scour calculations also adjust actual pier dimensions to allow for debris 
accumulation. The angle of attack was estimated as the difference between the approach angle 
of flow and the skew angle of the bridge. Results of the scour calculations and a summary of 
drilled shaft embedment are shown in Tables 2 and 3, respectively. A schematic representation 
of scour at the piers during Q,, is shown in Figure 5. Scour calculations are present in full in 
the Technical Appendix. 

Table 2. Summary of Scour Calculations 

Q = 95,000 cfs Q = 184,000 cfs 
(Qld  (Qs,) 

a. Scour at Piers 

Contraction Scour, ft 0.1 
Local Scour, f t  25.4 
General Scour, ft 10.0 
Total Scour, ft 35.5 

- b, Scour at Abutments 

Abutment Scour, ft 
General Scour, f t  
Total Scour, ft  



Table 3.  Summary of Drilled Shaft Embedment 

Q = 95,000 cfs Q = 184,000 cfs 
(Q~oo) (Qsoo) 

a. Embedment at Piers 

Channel Elevation 101 1.4 101 1.4 
Total Scour, ft 35.4 39.4 
Elev. Bottom of Scour Hole 976.0 972.0 
Drilled Shaft Tip Elev. 946.0 946.0 
Embedment Remaining, ft 30.0 26.4 

b. Embedment at Abutments 

Channel Elevation 101 1.4 101 1.4 
Total Scour, ft 16.7 21.4 
Elev. Bottom of Scour Hole 994.7 990.0 
Drilled Shaft Tip Elev. 946.0 946.0 
Embedment Remaining, ft 48.7 . 44.0 

STRUCTURAL EVALUATION: A structural analysis of the bridge piers for the Q,, flood 
event was performed using a stiffness method of analysis that accounted for soil-structure 
interaction. The analysis included dead loads, live loads, and stream flow forces. The structural 
capacity of the concrete columns and drilled shafts, as well as the capacity of the soil, was 
evaluated. A separate analysis of the abutments was not warranted as they are similar in 
construction to the piers, yet their loadings are considerably less. Structural calculations are 
presented in the Technical Appendix. 

CONCLUSIONS: Based on the structural evaluation, the Camelback Road Bridge at the Agua 
Fria River has sufficient structural capacity to resist the loads resulting from flows up to and 
including 184,000 cfs, i. e. , the 500-year flow rate. The bridge is scour stable. 

DEFICIENCIES AND COUNTERMEASURES: The existing riprap keyed into the channel 
banks should be grouted to avoid undermining of the riprap. 
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Photo 1 : View looking toward downstream face of structure from approximately mid- 
channel. Note that channel surface sediments consist primarily of gravelly 
sand with cobbles locally. Channel is not well vegetated near structure 
with occasional sparse grasses, low brush, and mesquite established on 
the low bars. 

I rFz -. 7 - -a. ..- 
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Photo 2: View looking northeast across thalweg of upstream low flow channel near 
east abutment. Note that channel banks are generally not sharply defined 
with overall vertical relief ranging from 3 to 8 feet. 



Photo 3: View looking toward east abutment along upstream face of bridge. Note 
position of low flow channel near abutment. Also note variation in surface 
sediments from coarse sand forming bar to gravel and cobbles visible in 
low flow channel. 

Photo 4: View looking toward upstream end of third pile bent from east abutment. 
Note position of relatively coarse material armoring channel locally. Also 
note variation in pile exposure along bent is approximately 4 feet. 



Photo 5: View looking approximately north upstream of structure. Note meandering 
form of low flow channel and relative coarseness of sediment in contrast 
to main channel. 

Photo 6: View looking approximately northwest near right bank of main channel 
upstream of structure. Note trapezoidal channel joining main channel at 
right angle upstream of west abutment. 



Photo 7: View looking downstream from a position approximately 1500 feet 
downstream of west abutment. Note formation of elongate pond possibly 
in location of former materials pit. Water surface is approximately 6 feet 
below main channel surface. 
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BRIDGE 5: INDIAN SCHOOL ROAD BRIDGE OVER AGUA FRIA RIVER 
(Structure #9145) 

Assessment: Scour Critical 

LOCATION: The Indian School Road Bridge at the Agua Fria River lies on the section line 
between Sections 24 and 25 of T2N RlW, coincident with the city limit of the Town of 
Avondale, Arizona. See Location Map, Figure 1. 

STRUCTURE: The bridge has eighteen spans with a total length of 1,618' from center-to- 
center of abutment bearings. The original bridge was constructed in 1970 and widened in, 1974 
(MCDOT Project 60300) to provide two 36-foot-wide roadways separated by a concrete median 
barrier. The widening was designed for a stream flow rate of 73,800 cubic feet per second 
(cfs), corresponding to a flood frequency interval of 50 years. A plan and elevation of the 
bridge widening is shown in Figure 2. In 1983, the girders of Spans 13 through 18 and Pier 
Nos. 13 through 17 were replaced with new girders and piers (MCDOT Project No. 68074), 
replacing a section of the bridge that was destroyed by flooding in the river in 1978. The partial 
bridge replacement was designed for 94,000 cfs, corresponding to a flood frequency interval of 
100 years. A plan and elevation of the replacement is provided in Figure 3. Plans for the 
original bridge were not found in MCDOT records. 

The superstructure consists of prestressed concrete AASHTO I-girders with a cast-in-place 
reinforced concrete deck. Expansion joints are provided at the abutments and at Pier Nos. 3, 
6, 9, 12, and 15. 

The abutments for the 1974 widening consist of a concrete cap beam, backwall, wingwalls, and 
an approach slab supported on eleven driven steel piles. The piles are founded approximately 
17' below the existing river flow line. Both abutments are oriented at an 11 degree skew with 
respect to the bridge centerline. 

The original bridge piers and the piers for the 1974 widening are the solid wall type on concrete 
spread footings. The upstream and downstream ends of the wall are constructed with a 90 
degree nosing. The footings are founded approximately 14' below the existing river flow line. 
The bridge piers for the 1983 partial replacement consist of a concrete bent under each roadway. 
Each bent is comprised of a concrete cap beam supported by two 4' diameter drilled shafts that 
are founded approximately 65' below the existing groundline. All piers are oriented at an 11 
degree skew with respect to the bridge centerline. 

EXISTING SCOUR PROTECTION: Scour protection at the abutments is provided by banks 
stabilized with soil cement and g!9uted-rjxapA The soil-cement banks-have been so constructed - ---- ___^_I 

_____- I - 
sgch the east abutment - - is .-" approximatejy-50' - -- -., -- behind ---- the -- top-of $e bank; on the west end of the --,. . 

bridge the soil cement bank completely encases the west abutmencand the first bridge pier (Pier 
1). 

Approximately 700' and 1,300' upstream of the bridge, two large soil cement-lined spur dikes 
have been constructed in the east overbank. The purpose of these dikes is to direct flows in the 
east overbank towards the bridge opening. 



Scour protection of the piers founded on spread footings consists of dumped riprap around the 
pier above the footing. No scour protection was provided around the piers founded on drilled 
shafts. /--- ----- 

A site inspection showed that the soil cement banks and grouted riprap at the abutments and the 
soil cement spur dikes were in good condition. Some residual scour was observed around the 
piers ___I-_-_ on spread-f~ojings; in some cases the riprap placed around the piers was exposed. - -- /-. - ---- -- .. .- - 

STREAM FORM: The Agua Fria River at Indian School Road is a braided stream, with - 
shallow to medium height point and middle bars distributed irregularly throughout the river bed. ----------- _ _ 7 .  

(See Figure 4.) ~ h e i % ' % Z o ~ ~ ~ ? n c i ~ a l ~  channel near east bank. 

LAND USE: Land use in the surrounding area is primarily agricultural and industrial with some 
residential developments in the vicinity. Gravel mining operations are located in the west 
overbank downstream of the bridge; there was significant gravel mining in the channel upstream - --.---_a__ ___-* -1 

of the bridge, the remnant of which is still visible. 
I__I- - -A&..I - W , ~ _ U _  

Urbanizationis anticipated to increase, possibly increasing the magnitude and volume of runoff --. - - -<- -.- (. -- *-dm 

to the river from small thunderstorms of low-to-medium return frequency. In terms of 
significance to bridge scour, the largest sources of runoff will continue to be releases from New 
Waddell Dam on the Agua Fria River approximately 25 miles upstream of the bridge, and New 
River Dam on New River, approximately 16 miles upstream. 

SURFACE SOILS: Surface soils consist primarily of sand and gravel,. with some cobbles. The .---. - -,- -.--we 

estimated median diameter (Dm) of the surface soil is approx~mately 1.5 mrn. The armoring 
--A. --" 

potential of the river bed is estimated to berlow. li.--__ 

SLOPE: The slope of the river bed in the vicinity of the Indian School Road Bridge, estimated 
from U. S . Geological Survey (USGS) 7.5 minute topographic maps, is -.-- 0.00 19- ftlft ,.or 
approximately 10' per mile. 

c-- 

VEGETATION: Vegetation observed on the banks and bottom of the Agua Fria River includes 
bushes and shrubs such as desert willow, creosote, salt bush and ephedra; and low grasses. The 
overall density of vegetation in the river is estimated to be very low to nearly barren, probably 
due to past gravel mining and channelization of the river. Debris collecting on piers is 
considered to be possible and is accounted for in the scour calculations. 

STREAM STABILITY: Local lateral stability of the river at the bridge is provided by the soil 
cement banks and riprap at the abutments. Aerial photographs showed that between 1982 and 
1995 the low-flow channel has varied between the east abutment and the middle third of the 
bridge; therefore it must be assumed that the low flow channel may move laterally to any of the 
piers when water is flowing in the river. .. . . 

Vertical stability of the channel is provided by a soil cement grade control structure 
approximately 150' downstream of the bridge. The grade control structure is assumed to prevent 
appreciable degradation (general scour) in the vicinity of the bridge. 
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INDIAN SCHOOL ROAD (SN 9145) 

Water Course Agua Fria River 

Stream Form Braided 
Sinuosity Not applicable 

General Channelization Soil cement-lined channel USlDS of bridge. Large 
soil-cement spur dikes on east side US of bridge. 

Channel Slope Uniform 
Estimated Channel Slope (ftfft) 0.001547 

Channel ContractionlExpansion Wider US 
Primary Surface Sediment Type sandlgravel 

DSO Size 1.5 MM (estimate) 
Armoring Potential Low 
Channel Vegetation 

TypelSize Desert Broom to 4 ft., Desert Willow; Creosote, Salt 
Bush, Ephedra; low grasses. 

DensiQIOccurrence Generally very sparse USIDS. 
Relative Age Young 

Manning's Roughness Coef. 0.025 
Controls on Stream Migration 

Lateral Soil cement-lined channel USlDS of bridge. 
Vertical Possible broken grade control structure approximately 

150 ft. DS of bridge. 
Sediment Deposits 8 Bars Irregular distribution of point and middle bars. 

Evidence of Degradation No 
Evidence of Aggradation No 

Evidence of Scour 
Pier Maximum residual scour 3-4 ft. obse~ed at some 

solid piers. 
Abutment No 
Land Use 

Urbanization of Upstream Watershed Low to moderate rate; land use a combination of 
agricultural and industrial. General assumption is for 
increasing urbanization. 

Sand & Gravel Extraction Past excavation of USIDS channel. Current 
excavation of USIDS overbanks with channel used as 
haul road. 

Freeway Construction No 

Dams No 

Drainage Channels No. Roosevelt Irrigation District (RID) canal DS of 
structure. 



CURRENT HYDROLOGY AND FLOW ANALYSIS: Large flows in the Agua Fria River 
at Indian School Road come from controlled releases form the New Waddel Dam at Lake 
Pleasant, from New River Dam on New River, and from regional detention basins and drainage 
channels. Smaller flows come from off-site developed and undeveloped lands between the 
upstream dams and the bridge. 

Available plans, flow records, and hydrologic models provided the following information: 

1. - The flow and flood frequency used in the design of the bridge are 95,000 cfs and 100 
years, respectively. 

2 .  USGS data show that the largest recorded flood between 1961 and the present was 
58,400 cfs on December 19, 1978, as measured at El Mirage, Arizona at Grand Avenue, 
approximately 3 miles upstream of the bridge. 

3. The latest hydrologic model available from the Flood control District of Maricopa 
County (FDCMC) estimates a 100-year flood at the bridge of 95,000 cfs. 

4. The 500-year flood (superflood) reported by FEMA is 184,000 cfs. 

Generally, flows taken from published FEMA flood insurance studies (FIS) were given priority 
over other sources because of the substantial level of effort and review involved in their 
estimation. Although values for the more frequent recurrence intervals were included int the 
analysis for completeness, the critical design discharge values were considered to be the 100- 
year flow and the lesser of the 500-year flow and the flow at the low chord elevation, based on 
HEC- 1 8 criteria and MCDOT requirements. 

FLOW MODELING AND CALCULATION OF CRITICAL FLOW: In accordance with 
MCDOT requirements, the critical flow for use in scour calculations is the lesser of the 500- 
year flow and the flow .that just reaches the low chord elevation of the bridge. In order to 
determine the controlling flow rate, a stage-discharge curve at a cross-section at the bridge was 
prepared using the Manning equation for uniform flow. The upstream approach channel was 
subdivided based on channel roughness and morphology, and a portion of the total flow was 
estimated for each subdivision. An iterative process was then used to balance water surface 
elevation and total discharge in the cross section. Flows were also classified as channel or 
overbank for the purpose of estimating flow contraction and abutment scour. Values for the 
energy slope and Manning's roughness coefficient used in the analysis were taken as averages 
of suitable, upstream and downstream sections from HEC-2 modeling studies of the 100-year 
discharge case provided by FCDMC. The points on the stage-discharge curve generated by the 
modeling are summarized in Table 1. 

- -  - - 



Table 1. Stage-Discharge Curve 

Stage Discharge, cfs 

Ql0 
- 
Ql, 

Qs, 
Low Chord 

The lesser of Q,, and the low chord flow (Q,) is to be-used to calculate scour during the 
critical event. The critical flow for scour calculations is therefore 184,000 cfs. 

SCOUR CALCULATIONS: Scour at the bridge was calculated for Q,, and the critical flood 
(Q,,) using methods described in FHWA Hydraulic Engineering Circular No. 18 (HEC-18). 
Using approximate methods, it was calculated that long-term degradation or general s cour .9  
w s b e  10' at the bri&e due to headcutting of a largeVgravel pi;downstreamof the bridge: 
(The armoring potential of the river against headcutting and degradation in - general is considered 
to be low.) Scour calculations also adjust actual pier dimensions to allow for debris k 
accumulation. The angle of attack was estimated as the difference between the approach angle - I 
of flow and the skew angle of the bridge. Results of the scour calculations and a summary of 
foundation embedment are shown in Tables 2 and 3, respectively. Schematic representations of 
scour at the piers during Q,, are shown in Figures 5 and 6 .  Scour calculations are presented 
in the Technical Appendix. 

Riprap at piers with spread footings was not considered too effective against scour because it is 
not continuous across the channel and therefore prone ro u - i  
high flows. 
--______\ 

Table 2. Summary of Scour Calculations 

Q = 95,000 cfs Q = 184,000 cfs 
(Qloo) (Qsd 

Scour at Piers on Spread Footings 

Contraction Scour, f t  0.0 I 
Local Scour, ft 
General Scour, ft  
Total Scour, ft 

~ ~ ' o  
2w 
30- s 

Scour at Piers on Drilled Shafts 

Contraction Scour, ft 
Local Scour, ft 
General Scour, ft 
Total Scour, ft 



Table 4. Summary of Foundation Embedment 
(Piers 2 through 12 ) 

Q = 95,000 cfs 
(Ql,) 

Q = 184,000 cfs 
(Q500) 

a. - Embedment at Piers on Spread Footings 

Channel Elevation 999.6 1 
~ o t a l  Scour, ft 30-8 1 
Bottom of Scour Hole Elev. 8 
Bottom of Footing Elev. 1 983.0 
Embedment Remaining, f t  

b. Embedment at Piers on Drilled Shafts '%ur -Itce 
Channel Elevation 997.0 1 997.0 
~ o t a l  Scour, ft - 7 ~ 3 3 (  1 m 3 9 . 3  

Drilled Shaft Tip Elev. 932.0 932.0 
Embedment Remaining, f t  y 3  y. 2- 

Bottom of Scour Hole Elev. !JlH- 36C 2- 967- 9 5 7- 7 - 

~E?ZS-? ' .  
STRUCTURAL EVALUATION: A structural analysis of Piers 13 through 17 was performed 
for the Q,, flood event using a stiffness method of analysis that accounted for soil-structure 
interaction. The analysis included dead loads, live loads, and stream flow forces. The structural 
capacity of the concrete columns and drilled shafts, as well as the capacity of the soil, was 
evaluated. A separate analysis of the abutments was unwarranted because scour depths are 
negligible. Structural calculations are presented in the Technical Appendix. 

CONCLUSIONS: Based on the structural evaluation, Piers 13 through 17 of the Indian School 
Road Bridge at the Agua Fria River have sufficient structural capacity to resist loads resulting 
flows up to and including 184,000 cfs, i.e., the 500-year flow rate. The spread footings of Piers 
2 through 12, however, do not bear on rock material and do not have sufficient embedment at 
Q,, or Q,,. The bridge is scour critical. 

COUNTERMEASURES: 
a. Install scour monitoring devices and close the bridge to traffic if scour reaches a 

predetermined critical depth; 
b, Construct a continuous concrete or grouted riprap sill across the width of the channel 

between and around the scour critical piers, with the sill keyed deeply into the channel 
bed at the upstream and downstream ends; - 

Encase the pier in a reinforced concrete beam supported on drilled shaft foundations 
(underpinning) ; 
Replace the bridge with a new bridge supported on deep foundations. 
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Photo 1: View looking west across upstream channel from top of spur dike. Note 
that upstream channel is composed primarily of gravelly sand with coarser 
material occurring locally. In general, vegetation is relatively sparse 
consisting primarily of creosote and salt bush on low bars. Also note 
materials pit haul road in foreground and irrigation return flow channel 
sustainina veaetation locallv. 

Photo 2: View looking northeast at large deflector dike located upstream of east 
abutment spur dike. Trapezoidal dike evidently directs flow away from east 
approach embankment inward toward bridge waterway. 
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Photo 5: View looking at downstream face of structure. Note primary low flow 
channel crossing concrete slab. 

Photo 6: View looking at upstream face of typical solid pier. Note residual scour of 
3-4 feet was most severe case observed. Also note staining of concrete 
and exposure of rip-rap. 



Photo 7: View looking at upstream edge of first pier from west. Note the differential 
deposition on east side of pier and scour of west side was typical of several 
solid piers possibly indicating recent flow angle of attack may be slightly 
west of north. 





BRIDGE 6 

MARICOPA COUNTY HIGHWAY 85 BRIDGE OVER AGUA FRIA RIVER 

Location Map 

Figure 1 





BRIDGE 6: MARICOPA COUNTY HIGHWAY 85 OVER AGUA FRIA RIVER 
(Structure #7819) 

Assessment: Scour Critical 

LOCATION: The MC 85 Bridge at the Agua Fria River is located in Section 4, TIN, RlW, 
Gila and Salt River Baseline and Meridian, near the Town of Avondale, Arizona. See Location 
Map, Figure 1 and Aerial Photo, Figure 2. 

STRUCTURE: The bridge has thirteen spans with a total length of 1,198.5' from center-to- 
center of abutment bearings. (See ~ocat ion Plans, Figures 3 and 4.) It has a 68-foot-wide 
roadway and a sidewalk on the downstream side. The bridge was designed for a stream flow 
rate of 60,000 cubic feet per second (cfs), corresponding to a flood frequency interval of 50 
years. The bridge was designed by the Bridge Division of the Arizona Highway Department 
(AHD) in 1969; it was built in 1974 as AHD Project No. BR-S-371(5). 

The superstructure consists of prestressed concrete AASHTO I-girders with a cast-in-place 
reinforced concrete deck structure. Expansion joints are provided at the abutments and at Pier 
Nos. 3, 6, 9, and 12. 

The abutments consist of a concrete cap beam, backwall, wingwalls, and an approach slab 
supported on sixteen driven steel pipe piles. Pile driving records indicate that the piles are 
founded between 12' and 17' below the existing river flow line. Both abutments have zero skew 
with respect to the bridge roadway. 

The piers consist of a concrete cap beam supported on four 3'-6" diameter formed columns. 
The columns are supported on a pile foundation comprised of a concrete pile cap and twenty-six 
16" diameter concrete-filled steel pipe piles. The bottom of the pile cap is approximately 3' 
below the existing river flow line. Pile driving records indicate that the piles are founded 
between 16' and 30' below the bottom of the existing pile cap. The piers are oriented normal 
to the- roadway. 

EXISTING SCOUR PROTECTION: No special scour ---I---- protection was _--^ provided -------- - at .-. the --- bridge 
when originally constructed. During a site investigation, it was found that the river has been 
lowered and channelized with soil cement banks. The bottom of the channel has been lowered ------------ - - 
approximately 4' from the 1974 elevation of Elevation 956 to approximately Elevation 952. The 

-a=*---. " --- -." * --- - .- - A ." 
abutments are located approximately 35 feet behind the top of the soil cement banks, effectively 
encasing them in scour-resistant material. -- The soil cement lining under the bridge has been 
given a cap of sprayed-on gunite. 

A 5' thick dumped riprap sill (estimated D,, = 20") has been constructed across the channel 
bottom. The sill measures 100' wide at the top, extending 25' on - each ---- side of the ends of the ---.. - -2_-11-1 
pjers, and is keyed into the river bed at a 1.5 : 1 slope to a depth of approximately 15.5 '_ on the -- --- --* 

downstream side of the bridge and 8.5' on the upstream side. ~ i r i n ~  a site inspection it was 
noticed that some of the riprap hasxen  transPozed downstream in places where the channel has 
suffered some localized erosion. Otherwise, the &ap appeared to be in good condition. -- ---. _-,.. __l. - ._" X 

3 



STREAM FORM: The Agua Fria River at MC 85 is a braided to straight stream with no 
significant bar formation upstream of the bridge and low to medium height middle bars 
distributed irregularly throughout the river bed downstream of the bridge. (See Figure 5.) 
There is no discernable low flow channel in the river bed upstream of the bridge. Downstream, 
a shallow channel has formed at approximately the fifth span from the west abutment. Irrigation 
return flows discharged to the river upstream of the east abutment have created a marshy strip 

. 

along the east bank of the river downstream of the bridge. 

LAND USE: Land use on the east side of the river is primarily agricultural with some 
commercial and industrial developments in the vicinity. Land use on the west side is the 
urbanized area of Avondale, Arizona. Former gravel mining operations are located in the river 
approximately one-half mile downstream of the bridge. 

Urbanization is anticipated to increase, possibly increasing the magnitude and volume of runoff 
to the river from small thunderstorms of low-to-medium return frequency. In terms of 
significance to bridge scour, the largest sources of runoff will continue to be releases from New 
Waddell Dam on the Agua Fria River approximately 30 miles upstream of the bridge, and from 
New River Dam on New River, approximately 20 miles upstream. 

SURFACE SOILS: Surface soils consist primarily of sand and gravel, with some cobbles. The 
estimated median diameter (D,,) of the surface soil is approximately 1 mrn. The armoring 
potential of the river bed is estimated to be low. 

SLOPE: The slope of the river bed in the vicinity of the MC 85 Bridge, estimated from U.S. 
Geological Survey (USGS) 7.5 minute topographic maps, is 0.001 9 ftlft or approximately 10' 
per mile. 

VEGETATION: Vegetation observed on the banks and bottom of the Agua Fria River include 
bushes and shrubs such as salt bush and ephedra; and low grasses. The overall density of 
vegetation in the river is estimated to be very low to nearly barren, probably due to past gravel 
mining and channelization of the river. Vegetation is taller and denser along the marshy strip 
described previously. Debris collecting on the piers is considered to be possible and is 
accounted for in the scour calculations. 

STREAM STABILITY: Local lateral stability of the river at the bridge is provided by the soil 
cement banks and riprap at the abutments. Aerial photographs showed that between 1982 and 
1995 the low-flow channel has varied between the east abutment and the middle third of the 
bridge; therefore, it must be assumed that the low-flow channel may move laterally to any of 
the piers when water is flowing in the river. 

Vertical stability of the channel is provided by a soil cement grade control structure 
approximately 2000 feet upstream of the bridge. Vertical stability at the bridge 'is provided by 
large-diameter riprap placed across the bottom of the stream bed. This riprap is starting to lose 
stability in places, probably due to degradation of the channel downstream of the bridge. 
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MARICOPA COUNTY HIGHWAY 85 (SN 7819) 

Water Course Agua Fria River 

Stream Form 
Sinuosity 

General Channelization 

Channel Slope 
Estimated Channel Slope (Wft) 

Channel ContractionlExpansion 
Primary Surface Sediment Type 

D50 Size 
Armoring Potential 
Channel Vegetation 

Ty pelsize 
DensitylOccurrence 

Relative Aae 
Manning's Roughness COG. 

Controls on Stream Migration 
Lateral 

Vertical 

Sediment Deposits 8 Bars 

Evidence of Degradation 
Evidence of Aggradation 

Evidence of Scour 
Pier 

Abutment 
Land Use 

Urbanization of Upstream Watershed 

Sand 8 Gravel Extraction 

Freeway Construction 

Braided to straight / 
Not applicable 
Soil cement-lined channel US of bridge and along 
west bank DS. Unlined on east. 
Steeper DS 
0.002534 
Main channel narrower DS 
silt/sand/gravel 
1 MM (estimate) 
Low to moderate (locally) 

Salt Bush, Ephedra, tall grasses, low dry grasses. 
(US) Very sparse low brush; dry grasses toward 
banks; moist grasses beneath bridge near east 
abutment. 
(DS) Dry grasses. 
Mature 
0.028 

Soil cement-lined channel US and along west bank 
DS. 
Large diameter rip-rap placed around piers across 
channel bottom extending 25 ft. USIDS of pier; grade 
control structure approximately 2000 ft. US of 
structure. 
(US) No significant bar formation. 
(DS) Primarily low to moderate elongate middle bars. 
Incised channel DS; headcutting of riprap DS. 
No 

Dams No 

Drainage Channels No 

Moderate rate; land use west of channel primarily high 
density residential and commercial; land use to east 
primarily agricultural; general assumption is for 
increasing urbanization to the east. 
Past operations in channel USDS of bridge. Channel 
currently undergoing rapid adjustment to operations in 
channel immediately DS of bridge. 
No 



CURRENT HYDROLOGY AND FLOW ANALYSIS: Large flows in the Agua Fria River 
at Indian School Road come from controlled releases from the New Waddell Dam at Lake 
Pleasant, from New fiver Dam on New River, and from regional detention basins and drainage 
channels. Smaller flows come from off-site developed and undeveloped lands between the 
upstream dams and the bridge. 

Available plans, flow records, and hydrologic models provided the following information: 

1. The flow and flood frequency used in the design of the replacement section of the bridge 
are 60,000 cfs and 50 years, respectively. 

2 .  USGS data show that the largest recorded flood between 1961 and the present was 
58,400 cfs on December 19, 1978, as measured at El Mirage, Arizona at Grand Avenue, 
approximately 12 miles upstream of the bridge. 

3. The latest hydrologic model available from the Flood Control District of Maricopa 
County (FCDMC) estimates a 100-year flood at the bridge of 95,000 cfs. 

4. The 500-year flood (superflood) reported by FEMA is 184,000 cfs. 

Generally, flows taken from published FEMA flood insurance studies (FIS) were given priority 
over other sources because of the substantial level of effort and review involved in their 
estimation. Although values for the more frequent recurrence intervals were included in the 
analysis for completeness, the critical design discharge values were considered to be the 100- 
year flow and the lesser of the 500-year flow and the flow at the low chord elevation, based on 
HEC-18 criteria and MCDOT instructions. 

FLOW MODELING AND CALCULATION OF CRITICAL FLOW: In accordance with 
MCDOT requirements, the critical flow for use in scour calculations is the lesser of the 500-year 
flow and the flow that just reaches the low chord elevation of t h ~ b r i d g ~  In order to determine 
the controlling flow rate, a stage-discharge curve at a cross-section at the bridge was prepared 
using the Manning equation for uniform flow. The upstream approach channel was subdivided 
based on channel roughness and morphology, and a portion of the total flow was estimated for 
each subdivision. An iterative process was then used to balance water surface elevation and total 
discharge in the cross section. Flows were also classified as channel or overbank for the 
purpose of estimating flow contraction and abutment scour. Values for the energy slope and 
Manning's roughness coefficient used in the analysis were taken as averages of suitable upstream 
and downstream sections from HEC-2 modeling studies of the 100 year discharge case provided 
by FCDMC. The points on the stage-discharge curve generated by the'modeling are 
summarized in Table 1. 



Table 1. Stage-Discharge Curve 

Stage Discharge. cfs Description 

955.74 22,000 Ql0 

959.04 69,000 - 
960.44 95,000 Qm 
964.33 184,000 Q500 

966.25 236,200 Low Chord 

The lesser of Q,, and the low chord flow (QLc) is to be used to calculate scour during the 
critical event. The critical flow for scour calculations is therefore 184,000 cfs. 

SCOUR CALCULATIONS: Scour at the bridge was calculated for Q,, and the critical flood 
(Q,,) using methods described in FHWA Hydraulic Engineering Circular No. 18 (HEC-18). 
Scour calculations adjust actual pier dimensions to allow for debris accumulation. The angle of 
attack was estimated as the difference between the approach angle of flow and the skew angle 
of the bridge. Results of the scour calculations and a summary of pile embedment are shown 
in Tables 2 and 3, respectively. A schematic representation of scour atathe piers during a, is 
shown in Figure 6. Scour calculations are presented in the Technical Appendix. 

An incipient motion analysis was performed on the riprap on the channel bottom. Assuming a 
safety factor of three, the riprap is not large enough to resist motion by forces produced during 
the 500-year flood and cannot be considered to provide full scour protection at the piers during 
that event. Although the riprap does appear to be sufficiently large to protect against scour 
during the 100-year flood, the cover over the abutment cap is minimal. In some cases the top 
of the pile cap (Elevation 951) is visible below gaps in the riprap. The riprap sill, however, is 
considered sufficient to prevent long-term degradation (general scour) at the bridge piers. 

Table 2. Summary of Scour Calculations 

Q = 95,000 cfs Q = 184,000 cfs 
(Q1oo) (Qsoo) 

1. Scour at Piers 

Contraction Scour, f t  0.0 0.0 
Local Scour, f t  18.5* 21 .O 
General Scour, ft - 0.0 0.0 
Total Scour, ft 18.5 21.0 

2. Scour at Abutments - Negligible (not tabulated) 

"Assumes riprap sill not scour resistant 



Table 3. Summary of Pile Embedment 

Q = 95,000 cfs Q = 184,000 cfs 
(Qloo) (Qsoo) 

Channel Elevation 951.3 951.3 
Total Scour, ft 18.5 21 .O 
Bottom of Scour Hole Elev. 932.8 930.3 
Median Pile Tip Elev. 928.0 928.0 
Embedment Remaining, ft 4.8 - 2.3 

CONCLUSIONS: Based on the scour calculations, the piles supporting the piers of the 
Maricopa Highway 85 Bridge do not have sufficient embedment to resist flows of 184,000 cfs, 
i.e., the 500-year flow rate: The bridge is scour critical. -I_ 

-. -vl+. .+.a* 

COUNTERMEASURES : 

a. Install scour monitoring devices and close the bridge to traffic if scour reaches a 
predetermined critical depth; 

b. Construct a continuous concrete or grouted riprap sill across the width of the _channel 
between and around the scour critical piers, with the sill keyed deeply into the channel 
bed at the upstream and downstream ends; 

c. Encase the pier in a reinforced concrete beam supported on drilled shaft foundations 
(underpinning) ; 

d. Replace. the bridge with a new bridge supported on deep foundations. 
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Photo 1: View looking upstream from approximately mid-channel near SPRR 
bridge. Note slightly meandering, relatively clear, shallow low flow channel 
comprised of somewhat armored coarse surficial sediments. Also note low 
grasses typical of main channel on either side of shallow low flow channel. 
Further note power line islands positioned in east central portion of 
channel. Both upstream banks are formed of soil cement into relatively 
high trapezoidal levees. 

Photo 2: View looking toward east bank and upstream face of structure from 
approximately mid-channel. Note significant density of moist grasses 
nourished by irrigation outfall'located in east levee embankment slightly 
upstream of structure. 



Photo 3: View looking downstream toward structure along west levee embankment. 
Note typical embankment configuration with channel access road. 

Photo 4: View of downstream face of bridge from top of west levee embankment. 
Note placement of angular rip-rap around piers. Also note pattern of 
downcutting immediately downstream of rip-rap with several smaller 
channels forming into a larger low flow channel immediately downstream 
of structure. Note east bank is natural downstream of structure. Also note 
relatively coarse nature of downstream sediments exposed near structure. 
Some mining of channel sediments may have occurred immediately 
downstream of structure serving to direct low flow. 



Photo 5: View looking toward west bank and upstream face of structure from 
approximately mid-channel. Note relatively coarse nature of exposed 
surficial sediments and minimal vegetation present. Also note close 
proximity of upstream SPRR bridge. 

Photo 6: View of typical downstream edge of rip-rap placed around piers. Note 
approximately 2 feet of local erosion occurring in this position has 
destabilized downstream edge of rip-rap. 



Photo 7: View of downstream side of narrow grade control structure located 
approximately 2000 feet upstream of structure. Note that channel grasses 
occur at significantly greater density upstream of this grade control (not 
shown). 

Photo 8: View of downstream channel from bridge deck. Low flow channel drains 
toward ponding area for irrigation runoff. Confluence is identified by locally 
well developed vegetation visible in background. 

15 





BRIDGE 7 

NEW RIVER ROAD BRIDGE OVER NEW RIVER 

Location. Map 

Figure 1 





BRIDGE 7: NEW RIVER ROAD OVER NEW RIVER (Structure #8028) 
Assessment: Scour Critical 

LOCATION: The New River Road Bridge at New River lies in Section 27 of T7N, R2E, Gila 
and Salt River Baseline and Meridian in the unincorporated area of New River, Arizona. See 
Location Map, Figure 1 and Aerial Photo, Figure 2. 

STRUCTURE: The bridge has six spans with an total length of 300' from center-to-center of 
abutment bearings and a 30-foot-wide roadway; (See Location Plan, Figure 3.) The design 
stream flow rate for the bridge is unknown. The bridge was designed by L.H. Bell and 
Associates in 1968; it was built in 1971 as MCDOT Project No. 72-262A. 

The superstructure is a continuous concrete slab with a hinge located adjacent to Pier No. 3. 

The abutments are the solid concrete wall type on spread footings oriented at zero skew with 
respect to the bridge roadway. According to as built plans, the footing at Abutment 1 is founded 

*-. - ̂ d " I---- .n___r_ - ..-- 
on shale and the footing at Abutment 2 is founded on hard red~onglomerate~The footings are d-=y- .-b.* * -." .m-* - -- 
approximately .- - F 7' below ----- the existing r'lver fiow" line. 

The bridge piers are the solid concrete wall type on spread footings oriented normal to the 
roadway. Both ends of the wall are constructed with a 116 degree nosing. According toas-built 
plans, the footings are founded on red granite hardpan, red conglomerate hardpan, and/or blue 
shale. The footings are approximately 7' below the existing ground line. 

EXISTING SCOUR PROTECTION: No special scour protection measures were noted on the 
as-built plans, and none were observed during a site inspection. However, the large proportion 
of cobble and boulder sized material in the channel suggests a good potential for armoring. 

STREAM FORM: New River at New River Road is a braided stream with low to medium 
height point, alternate and middle bars forming in a braided condition characteristic of streams 
with large sediment sizes and relatively steep slope. (See Figure 4.) At the time of the site 
inspection (May, 1995) there was water flowing in a low flow channel at Span 3 of the bridge 
(third span from the west abutment). A smaller dry channel was noted at Span 6 next to the east 
abutment. Aerial photographs suggest that the location of the main channel is fairly stable. 

LAND USE: Land use in the surrounding area is primarily undeveloped desert with some light 
residential and commercial developments. No gravel mining, either former or active, was 
observed. 

Urbanization is expected to increase, although at such low densities as to have little effect on 
runoff at the bridge. 

. -  . 

SURFACE SOILS: Surface soils consist primarily of sand, gravel, cobbles and boulders. The 
armoring potential of the river bed is estimated to be high. Span 1 has reduced clearance due 
to sedimentation. 



SLOPE: The slope of the river bed in the vicinity of the New River Road Bridge, estimated 
from U.S. Geological Survey (USGS) 7.5 minute topographic maps, is 0.01 1 ftlft or 
approximately 5 8' per mile. 

VEGETATION: Vegetation observed on the banks and bottom of the New River includes 
bushes and shrubs such as desert broom, creosote, desert willow ephedra, and others. Densities 
of vegetation in the river is estimated to be moderately dense on the banks and low to moderate 
in the channel. Debris collected on the piers was observed during the site inspection and is 
accounted for in the scour calculations. 

STREAM STABILITY: Overall lateral stability of the river at the bridge is provided by 
earthen levees upstream and downstream of the bridge, except at the upstream east bank, which 
is a stable rock outcrop. The levees were constructed with the bridge and have occasional 
broken or missing sections. Although aerial photographs showed that the low-flow channel 
configuration has not changed appreciably, it must be assumed that the thalweg will shift 
laterally when water is flowing in the river. 

There are no upstream or downstream grade control structures in the immediate area that would 
maintain v ~ a ~ s J a . b ~ i J i & o f  the river bea ___-L-lllll at the bridge --- site. A rock%utcrop downstream 
approximately one-half mile mav U s  a grade control for the upstream vertical stability of the 

----I -- --- ___. 

river. It is likeiy that the long-term tendency of the stream bed over g e x g i c  time is to degrade 
rather than aggrade, although there is some sedimentation in Span 1 that has reduced the o p e T  
'area under the ---=--.--"---.I- 

CURRENT HYDROLOGY AND FLOW ANALYSIS: Large flows in New River at New 
River Road come from uncontrolled runoff on the watershed. Available plans, flow records, 
and hydrologic models provided the following information: 

1. The flow and flood frequency used in the design of the bridge were not shown on the 
plans. 

2. USGS data show that the largest recorded flood between 1961 and the present was 
18,600 cfs on September 5, 1970, as measured at Rock Springs, Arizona at Grand 
Avenue, located upstream of the bridge. 

3.  The latest hydrologic model available from the Flood Control District of ~ a r i c o p a  
County (FCDMC) estimates a 100-year flood at the bridge of 32,000 cfs. 

4. The 500-year flood (superflood) estimated by using the USGS regression equations for 
ungaged watersheds is 73,600 cfs. 

Generally, flows taken from published FEMA flood insurance studies (FIS) were given priority 
over other sources because of the substantial level of effort and review involved in their 
estimation. Although values for the more frequent recurrence intervals were included in the 
analysis for completeness, the critical design discharge values were considered to be the 100- 
year flow and the lesser of the 500-year flow and the flow at the low chord elevation, based on 
HEC-18 criteria and MCDOT instructions. 
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NEW RIVER ROAD (SN 8028) 

Water Course New Rive1 

Stream Form 
Sinuosity 

General Channelization 

Channel Slope 
Estimated Channel Slope (ft/ft) 

Channel ContractionlExpansion 
Primary Surface Sediment Type 

D50 Size 
Armoring Potential 
Channel Vegetation 

TypelSize 

DensitylOccurrence 
Relative Age 

Manning's Roughness Coef. 
Controls on Stream Migration 

Lateral 

Vertical 
Sediment Deposits & Bars 

Evidence of Degradation 
Evidence of Aggradation 

Evidence of Scour 
Pier 

Abutment 
Land Use 

Urbanization of Upstream Watershed 

Sand & Gravel Extraction 

Braided (first order low flow channel sinuous) 
Not applicable 
Low earthen levees occasionally brokenlmissing) 
along channel banks. 
Steeper US 
0.008817 
None 
sand/gravellcobbles/boulders 

Moderate to high (locally) 

Primarily Desert Broom to 5 ft., Desert Willow to 5 ft., 
Creosote to 4 ft., occasional Ephedra, others. 
Moderately dense on banks; sparse in main channel. 
Young to mature. 
0 035 :/ '6; bm/L 

Some control along US LB due to rock out crop, 
otherwise earthen levees relatively lowlpoor cond~t~on 
None 
Low to moderate point, alternate and middle bars 
forming in braided condition. Characteristic of large 
sediment sizes and relatively steep slope. Reduced 
clearance in watelway toward west abutment due to 
sedimentation. 
No 
No 

Freeway Construction No 

Dams No 

Drainage Channels No 

Low flow channel has incised alongside mid-span 
piers. 
No 

Low to moderate rate; generally low density residential 
and light commercial. 
No 



FLOW MODELING AND CALCULATION OF CRITICAL FLOW: In accordance with 
MCDOT requirements, the critical flow for use in scour calculations is the lesser of the 500-year 
flow and the flow that just reaches the low chord elevation of the bridge. In order to determine 
the controlling flow rate, a stage-discharge curve at a cross-section at the bridge was prepared 
using the Manning equation for uniform flow. The upstream approach channel was subdivided 
based on channel roughness and morphology, and a portion of the total flow was estimated for 
each subdivision. An iterative process was then used to balance water surface elevation and total 
discharge in the cross section. Flows were also classified as channel or overbank for the 
purpose of estimating flow contraction and abutment scour. Values for the energy slope and 
Manning's roughness coefficient used in the analysis were taken as averages of suitable upstream 
and downstream sections from HEC-2 modeling studies of the 100-year discharge case provided 
by FCDMC. The points on the stage-discharge curve by th; modeling are 
summarized in Table 1. 

Table 1. Stage-Discharge Curve 

Stage Discharge. cfs Description 

2023.00 21,900 Assumed 
2024.00 28,400 Assumed 
2024.5 1 32,000 Qloo 

2024.60 32,700 Low Chord 
2029.19 73,600 Qsoo 

The lesser of Q,, and the low chord flow (QLc) is to be used to calculate scour during the 
critical event. The critical flow for scour calculations is therefore 32,700 cfs. 

SCOUR CALCULATIONS: Scour at the bridge was calculated for Q,, and the critical flood 
(QLc) using methods described in FHWA Hydraulic Engineering Circular No. 18 (HEC-18). 
Scour calculations adjust actual pier dimensions to allow for debris accumulation. The angle of 
attack was estimated as the difference between the approach angle of flow and the skew angle 
of the bridge. Because of the high potential for armoring, long-term degradation or general 
scour, was assumed to be negligible. Results of the scour calculations and a summary of footing 
embedment are shown in Tables 2 and 3, respectively. A schematic representation of scour at 
the piers during QLc is shown in Figure 5. Scour calculations are presented in the Technical 
Appendix. 

Table 2. Summary of Scour Calculations 

Q = 32,000 cfs Q = 32,700 cfs 

1. Scour at Piers 

Contraction Scour, f t  0.0 0.0 
Local Scour, ft 16.4 16.5 
General Scour, ft 0.0 0.0 
Total Scour, f t  16.4 16.5 



2. Scour at Abutments - Negligible (not tabulated) 

Table 3. Summary of Footing Embedment 

Q = 32,000 cfs Q = 32,700 cfs 
(Qloo) (Qsoo) 

Channel Elevation 2013.5 2013.5 
Total Scour, ft 16.4 16.5 
Elev. Bottom of Scour Hole 1997.1 1997.0 
Spread Footing Bottom Elev. 2006.3 2006.3 
Embedment Remaining, ft -9.2 -13.3 

GEOTECHNICAL EVALUATION: The refraction seismic survey data indicates that rock 
contact is somewhat variable at the New River Road bridge site. Higher velocity materials 
likely representative of rock (6,000 to 10,000 feet per second) vary in depth from about 2 to 13 
feet below grade at the New River Road bridge. Since foundations are about 6 to 7 feet below 
grade, it appears that at least someLpfythe footings will be susceptible to scour below the 

p-"--".. -. --. ' '"-=-- - --"-- .--_ _------ - 
foundations. 

CONCLUSIONS: Based on the scour calculations, the piers do not have sufficient embedment 
to resist flows of 32,700 cfs, i.e., the 500-year flow rate and the footings do not bear on rock. 

-- The bridge is scour critical. 
.-.__L.__L-*- 

COUNTERMEASURES: 

a. Install scour monitoring devices and close the bridge to traffic if scour reaches a 
- - predetermined critical depth; 

b. Construct a continuous concrete or grouted riprap sill across the width of the channel 
between and around the scour critical piers, with the sill keyed deeply into the channel 
bed at the upstream and downstream ends; 

c. Encase the pier in a reinforced concrete beam supported on drilled shaft foundations 
(underpinning) ; 

d. Replace the bridge with a new bridge supported on deeper foundations. 
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Photo 1: View of upstream channel from west side of bridge deck. Note relatively 
large proportion of cobble and boulder-sized material in primary channel 
suggesting good armor potential for significant portion of upstream 
channel. Also note vegetation established towara c h t  side ot m a 6  
channel. Further note meandering pattern of low flow channel. 

Photo 2: View of downstream channel from east side of bridge deck. Note large 
proportion of cobble and boulder-sized material in downstream channel. 
Downstream main channel is relatively straight and clear of obstructions. 
Also note fairly regular meandering pattern of low flow channel. 



Photo 3: View of upstream channel looking west across low flow channel. Note 
unstable rocky slope in main channel being undercut by low flow cknnel. 
Vertical relief is approximately 8 fE?ef. 

Photo 4: View of upstream face of bridge. Note low flow channel between piers 3 
and 4. 



Photo 5: View of primary channel upstream of bridge. Note relatively high 
proportion of cobble and boulder-sized material may have good potential 
for armoring during high flows. 

Photo 6: View of upstream edge of pier 3. Note significant debris accumulation. 
Accretion pattern on piers suggests recent flow angle of attack is slightly 
east of north. 



Photo 7: View of west side of .pier 2. Note residual pattern of local scour at 
upstream face reflects debris accumulation on leading edge. 

Photo 8: View of west abutment from downstream. Note this reduced clearance 
was also observed in waterway below adjacent span. 





BRIDGE 8 
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BRIDGE 8: 1-17 FRONTAGE ROAD BRIDGE OVER NEW RIVER 
(Structure #8639) 

Assessment: Scour Critical 

LOCATION: The 1-17 Frontage Road Bridge at the New River lies in Section, T7N, R2E, Gila 
and Salt River Baseline and Meridian, near the unincorporated area of New River, Arizona. See 
Location Map, Figure 1 and Aerial Photo, Figure 2. 

STRUCTURE: The bridge has seven spans with an total length of 232' from center-to-center 
of abutment bearings and a 30-foot-wide roadway. (See Location Plan, Figure 3.) The bridge 
is on a horizontal curve of the roadway. The design stream flow rate for the bridge is unknown. 
The bridge was designed by the Bridge Division of the Arizona Highway Department (AHD) 
in 1947; it was built in 1948 as AHD Project No. NON FAS 39. 

The superstructure is a continuous concrete slab with a hinge located adjacent to Pier No. 4. 

The abutments_.ire a closed __ wall __- type -- s g ~ r t e d  - on concrete ~ e a d  footings. Abutments 1 and ---- -___I_ 

2 are oriented at a 31 degree and a 28 degree skew to the bridge roadway, respectively. 
According to as-built plans, the footing at Abutment 1 is founded approximat&A.Lh&w 

----" 
the - 

existing river flow line and the footing at Abutment 2 is approximately 5' below the existing - - * .- 
river flow line. 

The bridge piers are the solid concrete wall type on The piers are skewed 
approximately 30 degrees to the horizontal curve of th ends of the wall are 
constructed with a 90 degree nosing. According to as-built plans, the footings are founded 
approximately 8' below the existing river flow line. - 

EXISTING SCOUR PROTECTION: The as-built plans indicated that no special protection 
was provided at the abutments or piers, as confirmed during a site inspection. However, the 
large proportion of cobble and boulder sized material in thechannel suggests a good armoring 
potential.. ̂

. LI-4.- 
C,--nXC---. I"--- - - 

C d STREAM FORM: New River at the 1-17 Frontage Road is a straight to braided stream with e 
low bars forming in response to obstructions. (See Figure 4). Sedimentation at the north and. 6n'thl 
south ends of the bridge has reduced the waterway in the spans adjacent to the abutments. 4f.L 
Aerial photographs suggests that the location of the main channel is fairly stable. b 

p v i  dctl 
LAND USE: Land use in the surrounding area is primarily undeveloped desert with some light f" $ e residential and commercial developments. No gravel mining, either former or active, was 
observed. 

bB\& t t 
Urbanization is anticipated to increase, although at such low densities as to have-little effect on 
runoff at the bridge. 

SURFACE SOILS: Surface soils consist primarily of sand, gravel, cobbles and boulders, with 
an estimated median size (D,,) of 50 mm. The armoring potential of the river bed is estimated 

_,iP 7~-.-- 



to be moderate to high. 

Slope: The slope of the river bed in the vicinity of the New River Road Bridge, estimated from 
U. S . Geological Survey (USGS) 7.5 minute topographic maps, is 0.0075 ftlft or approximately 

-.. .. 

40' Der mile. 

VEGETATION: Vegetation observed on the banks and bottom of New River includes various 
species of trees up to 20' -;bushes and-shrubs such as desert broom and ephedra; and low 
to medium height grasses. The upstream channel and banks are densely overgrown; the 
downstream channel is somewhat clearer with sparse growth in the channel becoming denser 
toward the banks. Debris piles more than 5' wide anus were observed on Pier Nos. 3 

, i  
and 4 during the site inspection. Debris was observed on nearly all the piers, and is therefore 
accounted for in the scour calculations. 

STREAM STABILITY: Lateral stability of the river is provided by a rocky hillside upstream 
of the bridge which directs the southwardly-flowing river sharply to the west along the toe of --. - 
the hill. \-- - - - 

At the time of the site inspection (May, 1995) there was water flowing in a low flow channel 
at Spans 3 and 4 of the bridge (third and fourth spans from the south abutment). Although aerial 
photographs showed that the location of the low-flow channel has not changed appreciably over 
the years, the presence of debris on Pier 1 and a residual scour hole observed at Pier2 require 
that it be assumed that the thalweg can shift laterally when water is flowing in the river. 

A broken, abandoned concrete low-water crossing downstream of the bridge may act as a limited --- - - PL y- 

grade _- control structure, although only where intact. There is also a rock outcrop in the channgl 
approximately --.----.--_;j- 100' downstream __^_-_-- that may -I act I _ as a grade control for the upstream vertical stability 
of thg~ivey. It is likely that the long-term telidehcy 6TtE StEd33*eddover-gedT6giEEti'he is ti 
degrade"&ther than aggrade, although there is some sedimentation in Spans 1 and 7 that has 
reduced the open area under the bridge. 

CURRENT HYDROLOGY AND FLOW ANALYSIS: Large flows in New River at the I- 17 
Frontage Road come from uncontrolled runoff on the watershed. Available plans, flow records, 
and hydrologic models provided the following information: 

1. The flow and flood frequency used in the design of the bridge were not shown on the 
plans. 

2. USGS data show that the largest recorded flood between 1961 and the present was 
18,600 cfs on September 5, 1970, as measured at Rock Springs, Arizona at Grand 
Avenue, located upstream of the bridge. 

3. The latest hydrologic model available from the Flood Control District -of Maricopa 
County (FCDMC) estimates a 100-year flood at the bridge of 33,400 cfs. 

4. The 500-year flood (superflood) estimated by using the USGS regression equations for 
ungaged watersheds is 73,600 cfs. 





INTERSTATE 17 FRONTAGE ROAD (SN 8639) 

Water Course New River 

Stream Form 
Sinuosity 

General Channelization 
Channel Slope 

Estimated Channel Slope (fWt) 
Channel ContractionlExpansion 
Primary Surface Sediment Type 

D50 Size 
Armoring Potential 

Channel Vegetation 
TypelSize 

Relative Age 
Manning's Roughness Coef. 

Controls on Stream Migration 
Lateral 

Vertical 

Sediment Deposits 8 Bars 

Evidence of Degradation 
Evidence of Aggradation 

Evidence of Scour 
Pier 

Abutment 
Land Use 

Urbanization of Upstream Watershed 

Sand 8 Gravel Extraction 

Braided to straight 
Not applicable 
None 
Uniform 
0.004399 
Clear channel wider DS. 
sandlgravellcobbleslboulders 
50 MM 
Moderate to high (locally) 

Various trees to 20 ft., Desert Willow, Desert Broom, 
Ephedra dominate smaller vegetation; low to medium 
height grasses. 
Upstream channellbanks densely overgrown; 
downstream somewhat clearer with sparse growth in 
channel becoming dense toward banks. 
Mature to old. 
0.035 

South side - rocky hillside directs flow sharply 
westward. 
Broken concrete slab in channel may function as 
limited grade control; otherwise none. 
Low bars forming in response to obstructions mainly 
sedimentation reducing wateway toward north and 
south abutments. 
No 
No 

Mid-span piers show 2-3 ft. residual scour developed 
largely by flow angle and debris accumulated. 
No 

Low to moderate rate; generally low density residential 
and light commercial. 
No 

Freeway Construction No 

Dams No 

Drainage Channels Smaller channel joins upstream of structure; no rapid 
flow variations anticipated at present. 



Generally, flows taken from published FEMA flood insurance studies (FIS) were given priority 
over other sources because of the substantial level of effort and review involved in their 
estimation. ~ l t h o u i h  values for the more frequent recurrence intervals were included in the 
analysis for completeness, the critical design discharge values were considered to be the 100- 
year flow and the lesser of the 500-year flow and the flow at the low chord elevation, based on 
HEC- 18 criteria and MCDOT requirements. 

FLOW MODELING AND CALCULATION OF CRITICAL FLOW: In accordance with 
MCDOT requirements, the critical flow for use in scour calculations is the lesser of the 5OO:year 
flow and the flow that just reaches the low chord elevation of the bridge; - In order to determine 
the controlling flow rate, a stage-discharge curve at a cross-section at the bridge was prepared 
using the Manning equation for uniform flow. The upstream approach channel was subdivided 
based on channel roughness and morphology, and a portion of the total flow was estimated for 
each subdivision. An iterative process was then used to balance water surface elevation and total 
discharge in the cross section. Flows were also classified as channel or overbank for the 
purpose of estimating flow contraction and abutment scour. Values for the energy slope and 
Manning's roughness coefficient used in the analysis were taken as averages of suitable upstream 
and downstream sections from HEC-2 modeling studies of the 100 year discharge case provided 
by FCDMC. The points on the stage-discharge curve generated by the modeling are 
summarized in Table 1. 

Table 1. Stage-Discharge Curve 

Stage Discharge. cfs Description 

1993.07 10,000 Assumed 
1994.00 12,750 Assumed 
1994.93 15,900 Low Chord 
1998.91 33,400 Qloo 

2005.36 74,500 Qsoo 

The lesser of Q,, and the low chord flow (QLc) is to be used to calculate scour during the 
critical event. Because the low chord flow is less than the 100-year flow, the critical flow for 
scour calculations is taken as Q,, = 33,400 cfs.,, 

\- _- -- - 
I- 

- " 

SCOUR CALCULATIONS: Scour at the bridge was calculated for QLc and the critical flood 
(Q,,) using methods described in FHWA Hydraulic Engineering Circular No. 18 (HEC- 18). 
Scour calculations adjust actual pier dimensions to allow for debris accumulation. The angle of 
attack was estimated as the difference between the approach angle of flow and the skew angle 
of the bridge. Because of the high potential for armoring, long-term degradation or general 
scour, was assumed to be negligible. Results of the scour calculations and a summary of footing 
embedment are shown in Tables 2 and 3, respectively. A schematic representition of scour at 
the piers during QLc is shown in Figure 5. Scour calculations are presented in the Technical 
Appendix. 



Table 2. Summary of Scour Calculations 

Q = 15,900 cfs Q = 33,400 cfs 
(QLc) (Qloo) 

1. Scour at Piers 

Contraction Scour, ft 0.0 
Local Scour, ft 17.1 
General Scour, ft - 0.0 
Total Scour, ft 17.1 

2. Scour at Abutments 
Abutment Scour, ft 0.0 
General Scour, ft - 0.0 
Total Scour, ft 0.0 

Table 3. Embedment Remaining at Piers 

Q = 15,900 cfs Q = 33,400 cfs 
(QLc) (Qloo) 

Channel Elevation 1984.3 1984.3 
Total Scour, ft 17.1 36.2 
Bottom of Scour Hole Elev. 1967.2 1953.1 
Spread Footing Bottom Elev. 1977.2 1977.2 

-1o:o Embedment Remaining, ft '. * -24.9 -' 

GEOTECHNICAL EVALUATION: The refraction seismic survey data indicates that rock 
contact is somewhat variable at the 1-17 Frontage Road bridge site. Higher velocity materials 
likely representative of rock (6,200 to 8,000 feet per second) vary in depth from about 2 to 7 
feet below grade at the 1-17 Frontage Road bridge. Since foundations are about 8 feet below 
grade, it appears that these foundations are founded on rock. 

CONCLUSION: Although the 1-17 Frontage Road Bridge at New River does not have 
sufficient hydraulic capacity to pass the 100-year flood, its bedrock foundations have provided 
adequate protection against scour for nearly 50 years during floods that probably overiopped the 
road. The bridge is scour stable. . -  - 
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Photo 1: View looking toward downstream side of south abutment. Note cliffs in 
background indicating potential for near-surface bedrock to provide vertical 
and lateral stability. Also note mature vegetation in downstream overbanks 
and in primary channel. 

Photo 2: View looking east along upstream left bank from bridge deck. Note 
boulders up to 2 feet on axis were commonly observed. Also note 
proximity of cliffs to right providing coarse material and lateral control of 
stream. 



Photo 3: View looking upstream from bridge deck. Note relatively coarse material 
typical of upstream left bank near structure and well established vegetation 
along right bank of main channel. Also note rapid reduction in width of 
primary channel upstream of bridge. 

Photo 4: View looking west toward upstream face of structure from right bank. Note 
mature vegetation on typical of right overbank. Also note large amount of 
debris captured. 



Photo 5: View of upstream face of bridge from right bank. Note expansion of 
relatively narrow low flow channel occurring at upstream face. Also note 
that main flow is through spans 2,3, and 4. Further note substantial debris 
build-up on piers 2 and 3. 

Photo 6: View of downstream face of bridge at piers 1 and 2. Note presence of 
concrete slab functioning as limited grade control and as flow diversion. 
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Photo 7: View of downstream face of bridge near pier 1. Note boulder-sized 
material up to 2 feet on axis may form armor surface in portions of channel 
and may possibly accelerate scour in less protected portions of channel. 

Photo 8: View looking downstream near downstream face of bridge. Note coarse 
texture of primary channel material may form armor surface. Also note 
close proximity of mature vegetation to primary channel may provide 
significant flow resistance under high flow conditions. Note possible 
bedrock outcrop at mid-channel in background. 



Photo 9: View of span 3 from downstream face. Note pattern of sediment 
deposition indicates that the angle of attack of recent flows may be north 
of pier skew. 

Photo 10: View alongside low flow channel approximately 125 feet downstream. 
Note that captured debris was measured to heights up to 10 feet above 
channel in this vicinity. 


