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INTRODUCTION 

WEST Consultants, Inc. (WEST) was retained by Sunrise Engineering, Inc. to conduct the 100- 

year flow event scour evaluation for the 6-inch natural gas pipeline crossing of Bulldozer Wash 

at a location approximately 50 feet upstream of Verrado Way. The Verrado Way crossing of 

Bulldozer Wash lies in the Section 31 of T2N R2W in Maricopa County, Arizona. The project 

location is shown in Figure 1. 

In its natural condition, Bulldozer Wash conveyed flows from the north in a southeasterly 

direction and into McDowell Basin, which is an existing storage pit located northwest of the 

McDowell Road and Tuthill Dike Road intersection. In the initial stages of the Verrado Master 

Plan, Bulldozer Wash was re-aligned and channelized to accommodate future residential parcels. 

The new channel alignment was still referred to as Bulldozer Wash. An interim Bulldozer Wash 

was then mass graded into its new alignment with the construction of Verrado Phase 1. The new 

Bulldozer Wash channel crosses Verrado Way further north of McDowell Road than the natural 

channel did. Bulldozer Wash flows from west to east at the Verrado Way crossing. Final 

improvements for Bulldozer Wash have been established in order to improve its structural 

stability and increase its capacity. The wash improvements include three permanent drop 

structures and channel improvements to decrease the flow velocities and minimize the scour 

potential. As of the date of this report, the drop structures have not been added to the realigned 

Bulldozer Wash. The bottom width and side slopes of the realigned Bulldozer Wash vary with 

the width ranging from 35 to 60 feet and the side slopes having a maximum slope of 4 Horizontal 

(H) to 1 Vertical (V). Culvert crossings at Verrado Way and Acacia Way were also included in 

the Bulldozer Wash improvements. 

In addition, there is a Zone A floodplain located near Vewado Way and Interstate 10 (1-10). The 

proposed pipeline will pass under this Zone A floodplain. The scour potential of crossing under 

this Zone A floodplain was also considered. 
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Figure 1. Project location map (Geotechnical and Environmental Consultants, Inc., 2005) I 
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Figure 2. Bulldozer Wash at Verrado Way looking upstream from top of the right 
overbank 

Figure 3. Bulldozer Wash bed material near the Verrado Way crossing 
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DATA COLLECTION 

Bulldozer Wash was re-aligned at the Verrado Way crossing (see Figure 2). In the area where 

the proposed natural gas pipeline crosses the Bulldozer Wash, the banks do not contain any 

resistive material to prevent bank erosion during flood events. Therefore, the new channels 

banks have the same erosion potential as the native bank material. 

Bulldozer Wash is a sand and gravel bed channel (see Figure 3). Information regarding the 

particle size distribution of the bed material was found in the report Results of Geotechnical 

Engineering Services, Verrado-Bulldozer Wash, Thomas Road to Waste Water Treatment Plant 

(Geotechnical and Environmental Consultants, Inc., 2005). Their field exploration included the 

excavation of six exploratory test pits (Nos. TP-1 through TP-6) along Bulldozer Wash. The 

approximate locations of the exploratory test pits are shown on Figure 1. The project site is very 

close to the exploratory test pits TP-3 and TP-4. 

Laboratory tests were performed by Geotechnical and Environmental Consultants, Inc. on the 

field exploration samples to obtain the information about the existing soil conditions. The 

laboratory results are presented in Appendix A. In summary, the Dso of the bed material for TP- 

3 was 1.4 mm (0.0-5.0 ft  depth) and 1.9 mm (5.0-10.0 ft depth). The DSo of the bed material for 

TP-4 was 4.2 mm (0.0-5.0 ft  depth) and 1.1 mm (5.0-10.0 ft  depth). Based on field observations, 

the bed material in the study area ranges from coarse gravel to very fine sand (see Figure 3). 

Thus, the laboratory test results are consistent with field observation. 

HYDROLOGY 

The base model for computation of the hydrology was provided by the Flood Control District of 

Maricopa County (FCDMC) from the Loop 303 Corridor/White Tanks Area Drainage Master 

Plan Update report (URS, 2001). The proposed condition land use plan, as prepared by EDAW 

for the entire Verrado development, was incorporated into the base model to determine the 

discharges for the future development. The scour analysis for this study was conducted only for 

the 100-year discharge. The 100-year discharge at the project site is 700 cfs, and this value was 
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obtained from Verrado Planning Unit Drainage Plan for Portions of Planning Unit V (Phase 3 

North - South of Tractor Wash and Intrawest Resort) and Update to Master Drainage Plan 

(Wood, Patel and Associates, 2006b). 

HYDRAULICS 

The US Army Corps of Engineers' River Analysis System standard-step backwater computer 

program (HEC-RAS, Version 3.1.3) was used to the compute channel hydraulics (USACE 

2005). The hydraulic model for the newly aligned Bulldozer Wash was developed by Wood, 

Patel and Associates (2006a) as part of the Design Report for Bulldozer Wash and McDowell 

Basin at Verrado (Wood, Patel and Associates, 2006a). The Wood, Patel and Associates' 

hydraulic model was reviewed by WEST. Small corrections were made to the model, which 

included: 

Entrance energy loss coefficient for the culverts were adjusted slightly. 

8 The expansion and contraction coefficients near the culverts were increased, 

a Ineffective flow areas were added around the culverts. 

These small changes did not have an impact the overall model results. The revised hydraulic 

model was used in the scour calculations. In the Wood, Patel and Associates' model, the 

Manning n-value used for the main channel in the hydraulic model of Bulldozer Wash ranges 

from 0.035 to 0.055. The proposed pipeline crossing of Bulldozer Wash is located at cross- 

section 3000, which has an n-value of 0.055. This value was used for the scour calculations. 

SCOUR CALCULATIONS 

The proper consideration of scour at a site requires a determination of the total scour. Total 

scour refers to the total depth of scour at a given location and is the sum of all scour components 

that apply to the site of interest. These scour components can include: 

8 General scour or contraction scour 
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Bed form scour 

Long-term degradation 

Bend scour 

Local scour 

A factor of safety may be applied to account for uncertainty of the data, degree of variability of 

the channel conditions, level of risk, etc. The factor of safety may be applied to some or all of 

the scour components. In this study, a safety factor of 1.3 is used for all of the scour 

components. The total scour at a given location is the sum of the individual components that are 

applicable at that location. 

The proposed pipeline crossing of Bulldozer Wash is located in a straight section of the wash 

approximately 50 feet upstream of the Verrado Way crossing. Thus, there would be no bend 

scour near the pipeline crossing and this scour component was not considered in the 

determination of the total scour depth. 

General Scour 

General scour is the lowering of the streambed across the channel or stream over relatively short 

time periods (e.g., the general scour in a given reach after the passage of a single flood event). 

The lowering may be uniform across the bed or non-uniform (i.e., the depth of scour may be 

deeper in some parts of the cross-section). 

General scour may result from concentration of the flow when the flow area of a stream is 

decreased from the normal either by a natural constriction or a manmade constriction (i.e., local 

encroachment, bridge, etc.). With the decrease in flow area there is an increase in average 

velocity and bed shear stress. 

Several different equations can be used to calculate the general scour. Some of the more 

common equations include Lacey (1930), Blench (1969), Neil1 (1973), and Zeller (1981). All 

four of these equations were used to evaluate the general scour. The equation that resulted in the 

most conservative estimate of the general scour was the equation from Blench (1969). Blench's 

equation (1969) for general scour is given by: 

-- - - - 
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where: y,, = general scour depth (ft), 

Z = multiplying factor, taken to be 0.6 for straight reaches, 

qf = design discharge per unit width (cfslft), and 

F ~ o  = Blench's "zero bed factor" from Figure 4 (ft/s2). 

Figure 4. Blench's "zero bed factor" (from Pemberton and Lara (1984)) 
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For a median grain diameter of 1.1 mm (0.00361 ft), Fbo was determined from Figure 4 to be 

about 1.9 ft/s2. General scour was evaluated using the average hydraulic parameters in the reach 

of Bulldozer Wash at the pipeline crossing (RS 3000). The unit discharge (qf) at this location for 

the 100-year event was determined to be 11.81 cfslft, and the corresponding general scour was 

be calculated to be 2.5 feet: 
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Using a factor of safety of 1.3, the general scour, y,,, was estimated to be 3.3 feet. 

Since there are four median grain size diameters from the samples measured near the project site 

(TP-3 and TP-4), the general scour analysis was performed for all of median grain size diameters 

and results are shown in Table 1. The results indicate that the general scour is not sensitivity to 

the DjO value. The maximum calculated value of 3.3 feet was used as the general scour at the 

project site. 

Table 1. General scour results for all D,, values 

Local Scour 

Local scour is the scour that results from an obstruction and abrupt change in the direction of 

flow. Local scour is caused by an acceleration of flow and resulting vortices induced by the 

obstruction. It occurs at bridge piers, abutments, embankments, and other structures obstructing 

the flow. In the future, there will be a grade control structure located approximately 115 feet 

upstream of the proposed pipeline crossing. However, the proposed pipeline crossing is far 

enough downstream from the proposed grade control structure that local scour will not be an 

issue at crossing site. Thus, local scour was not considered in the determination of the total 

scour depth. 

Bedform Scour 

For sand bed channels, natural or manmade, it is necessary to estimate the height of the bedforms 

moving through the channel. Dunes form in lower regime flow with antidunes forming in 

transitional or upper flow regime flow. The Froude number in Bulldozer Wash at cross-section 

3000 for a 100-year event is approximately 0.4, which would indicate that the flow can be 

classified in the lower flow regime. The scour depth due to dunes may range from 0.1 to 0.5 

times the maximum depth of flow based on studies conducted by Simons and Richardson (1960). 

Other studies by Yalin (1964) suggest a scour depth of one-sixth of the average flow depth. 

- - -- ----- - .  - - -  
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From the HEC-RAS model (Wood, Pate1 and Associates, 2006a), the maximum flow depth in 

the area around the Verrado Way crossing is 3.51 feet. Therefore, using Simons and 

Richardson's (1960) method, bed form scour may range from 0.4 feet to 1.8 feet. Taking the 

greater of these values (1.8 ft), the bedform scour depth was estimated to be 2.3 feet when 

applying a factor of safety of 1.3. 

Long-Term Degradation 

Long-term degradation can often be evaluated using equilibrium, or stable slope analysis andor 

historic cross-section data. The existing culvert crossing at Verrado Way is the location of a 

stable or "pivot" point downstream of the proposed pipeline crossing since the culvert floor is 

concrete. Because the "pivot" point was located close to the proposed pipeline crossing, the 

long-term degradation was conservatively estimated by horizontally projecting the Verrado Way 

culvert invert elevation back to the location of the proposed pipeline crossing. The difference 

between the two elevations is an estimate of the long-term degradation. The elevation of the 

upstream culvert invert is 1,117.15 feet while the elevation of the ground at the proposed 

pipeline crossing is 1,117.53 feet. The difference between these two elevations is 0.38 feet. 

Using a factor of safety of 1.3, the long-term degradation was estimated to be 0.5 feet. 

Total Scour 

The total scour at the proposed pipeline crossing near Verrado Way on Bulldozer Wash is the 

sum of the general scour, bedform scour, and long-term degradation, and it is estimated to be 6.0 

feet (3.2 feet + 2.3 feet + 0.5 feet). Therefore, a burial depth of the crown of 6.0 feet below the 

thalweg of the channel is considered sufficient to protect the pipe from failure due to scour. Note 

that this evaluation does not take into account any local scour due to bridge piers and abutments 

that may exist in the future. 

SCOUR ANALYSIS FOR THE ZONE A AREA 

The proposed pipeline will also cross a FEMA "Zone A" flood area just north of 1-10, In this 

area, Southwest Gas will be using directional drilling underneath the existing sidewalk on the 

-- - - - ... ----- 
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Verrado Way overpass. Because the gas pipeline will be protected by the sidewalk, a scour 

analysis was not required for this area. 

LATERAL MIGRATION 

To estimate the degree of lateral migration in Bulldozer Wash, it would be useful to review 

historic aerial photographs of the wash. However, since Bulldozer Wash was recently realigned, 

this review will not provide any useful information for lateral migration. 

Simons, Li & Associates (1984) provides a procedure for estimating the "safe" setback or 

distance beyond the existing stream banks that the pipeline should remain at the design burial 

depth to prevent scour due to lateral migration of the channel. The equation recommended for 

straight channels is: 

where: MLs = minimum "safe" setback distance necessary (ft), and 

QD = design discharge (cfs). 

For this study, the design discharge, Qo, was equal to the 100-year discharge, or 700 cfs. Using 

this information, the minimum "safe" setback distance necessary can be calculated to be 18.5 

feet: 

MIS = 0.7(700)~ = 18.52 feet 

Using a factor of safety of 1.3, a minimum setback distance was estimated to be 24.1 feet. 

SUMMARY 

A scour analysis and lateral migration analysis for a 6-inch natural gas pipeline crossing of 

Bulldozer Wash at Verrado Way was conducted. The total scour depth at the proposed pipeline 

crossing was determined to be 6.0 feet for the 100-year event. Therefore, it is recommended that 
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the crown of the pipeline at the proposed crossing be a minimum of 6.0 feet below the thalweg of 

the channel. 

The minimum "safe" setback distance is 24.1 feet from the existing unprotected banks. 

Regulatory agency criteria may require extending the natural gas pipeline burial depth 10 feet 

beyond the boundary of the 100-year event. With this requirement, the recommended distance to 

extend beyond the boundary of both the north bank and the south bank of Bulldozer Wash is 34.1 

feet. 
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Flood Control District 
of Maricopa County 

Date: July 30,2007 

To: Lynn Thomas, PE, CFM, Principal Engineer, Flood Hazard Management 
Branch, Regulatory Division 

From: J. Rafael Pacheco, PhD, Assoc. Engineer, Engineering Application 
Development and River Mechanics Branch, Engineering Division 

CC: Bing Zhao, PhD, PE, Engineering Application Development and River 
Mechanics Branch Manager, Engineering Division 

Subject: "Scour evaluation for Pipeline Crossing of Bulldozer Wash at Verrado Way" 
Report dated 271h, 2007. 

I have finished my review and I have the following comments on the above referenced 
document. The consultant should respond to each of these comments and provide a 
digital file back to the District with each of the comments and its response below it. This 
will allow for easier tracking by both, the consultant and the District. Those comments 
that have been addressed are grayed out. 








