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The following text shall serve as a drainage analysis for the roadway improvements initiated by Pinal 

County for Guadalupe Road from Delaware Drive to the Meridian Road alignment.  Guadalupe Road is an 

existing dirt roadway and the proposed improvements include upgrading the road to a paved all-weather 

public access road and providing minor swales along the edges of the roadway. Drainage improvements 

will be minimal and will match existing conditions as closely as possible. 

 

The project is located in Pinal County in Section 6, Township 1 South, Range 8 east, south of the Gila and 

Salt River Baseline and west of Ironwood Drive.   

 

The purpose of this document is to present the existing watershed conditions (this site included) and 

document the proposed minor drainage improvements.  Specific objectives are to summarize the existing 

off-site and on-site land-use and storm water runoff conditions and to describe the storm water conveyance 

systems and facilities. 

 

The information in this analysis is based on the following sources: 

• Drainage Memorandum for Houston Avenue – Ironwood Dr. to Warner Dr. 

• Master Drainage Study for Sunland Springs Village 

• Preliminary Drainage Report for Sunland Village Unit Two Garden Casitas 

• Drainage Report for Sunland Springs Village Unit Three 

• East Mesa Area Drainage Master Plan 

• USGS Topographic Quadrangle Maps 

• Pinal County Aerial Maps 

The Design for on-site drainage systems shall conform to the Pinal County Drainage Manual (Volume 1, 

Design Criteria and Volume 2, Design Methodology and Procedures).  

 

Existing Conditions: 

 

The project is bordered by commercial/industrial and residential development to the north and west, 

respectively and undeveloped desert land to the east and south.  The Sunland Springs Village development 

is directly west of the project and is an 899 acre planned retirement community.   

 

The site is relatively flat with scattered desert vegetation on the undeveloped parcels. The Central Arizona 

Project (CAP) is located approximately 3,000 feet to the east of the project site.  Figure 1 shows the project 

location.  The project is located in the low desert alluvial region typical of the Phoenix valley region with 

little topographic relief and some urbanized areas. Vegetation cover is sparse and the percent cover is 

estimate to be about 10%. Typical vegetation consists of Palo Verde, Mesquite, barrel, prickly pear cacti 

and various desert brush and grasses. 
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Flows impacting the project originate to the northeast in the Superstition Mountains foothills. The CAP 

canal is elevated and directs the flows from the north and east towards two overchutes consisting of 2-72” 

pipe culverts which meter the flow from behind the CAP.  Only the southern overchute affects this project 

as discussed below. 

 

Previous Studies: 

The Sunland Springs Village drainage master plan evaluated the area during their development.  They 

prepared a HEC-1 model and used Maricopa County methodology. Applicable information from that study 

has been included with this statement.  The Flood Control District of Maricopa County prepared the East 

Area Drainage Master Plan (EADMP) and the purpose of the study was to identify drainage problems on a 

regional basis and possible mitigation measures for the east Mesa region. The EADMP proposed a channel 

(Sunland Village Channel) along the east side of Meridian Road to route the flows south to a proposed 

detention basin at Elliot Road (Siphon Draw Basin). Off-site watersheds per the Sunland Springs Village 

report have been overlaid on a current aerial photograph of the project area (see Figure 2).  Applicable 

concentration points (numbers 12 and 13) and 100-year peak discharge values from that study have also 

been included on Figure 2.  The Sunland Village Master Drainage Study identified a 100-year 6 hour peak 

flow of 420 cfs being conveyed by each overchute.  Figure 2 shows the southern overchute which affects 

this project.  

 

Site Conditions:            

As shown on Figure 2, the existing Guadalupe Roadway is a dirt road servicing various small businesses 

along the north side of Guadalupe Road.  With the development of the Houston Industrial Park, the flow 

from the CAP southern overchute has been redirected to the south into watershed concentration point 13 

from the Sunland Village Report towards the existing end of pavement at the Guadalupe Road intersection 

with Delaware Drive. The existing 3-24” CMP pipes were constructed per the Ironwood Drive Roadway 

Improvements and carry a portion of the flow under Guadalupe Road just east of the intersection. The 

remainder of the drainage affecting this area sheet flows over Guadalupe Road just west of the Delaware 

intersection.  Watershed concentration point 12 from the Sunland Village Report affects the west end of the 

roadway project.  This flow is carried through the properties and dirt roadways through a series of 

meandering and unconfined drainage swales within the Houston Industrial Park and eventually sheet flows 

across Guadalupe Road and into the Sunland Village Channel.   

 

FEMA Flood Insurance Rate Maps: 

The current FEMA Flood Insurance Rate Map (FIRM No 04021C0200E, effective date December 4, 2007) 

indicates the site is located in flood hazard Zone X. Zone X is defined as areas determined to be outside the 

0.2% annual chance floodplain. 

 

Developed Conditions: 

 

Roadway Design: 

Drainage improvements for this project are minimal. The concept as presented by Pinal County is to match 

existing conditions as closely as possible. The construction centerline profile for Guadalupe Road will 

match existing conditions.  A standard 2% super-elevated cross slope will be utilized to allow drainage to 

flow across the roadway from north to south as under existing conditions.  Drainage swales will be 

constructed along the south side of the roadway to carry minor flows which outlet at existing drainage 

locations. The northern side of the roadway will slope from the existing properties to the roadway where 

possible and utilize 6” maximum depth water harvesting areas where the roadway is slightly higher than 

the adjacent property grades.  The swales are discussed below.    

 

No specific design event was chosen by Pinal County for this project.  As discussed above a couple of the 

watershed areas from the Sunland Village Master Study overlapped the project site.  Concentration Point 

13 in their model plus the CAP overchute flow corresponds roughly to the drainage affecting the intersection 
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of Guadalupe Road and Delaware Drive.  The area experiences approximately 640 cfs during the 100-year, 

6 hour storm event.  The three existing CMP pipes just west of the intersection convey approximately 33 

cfs and the remainder to the discharge sheet flows over the roadway east of the intersection.  The remaining 

607 cfs flows over the roadway at the pipe culvert and within the dip section of Guadalupe Road just west 

of the intersection.  The dip section can accommodate the 607 cfs with a depth of 0.81’.  The pipe and 

channel section calculations are attached.  

 

The Rational Method per equations 2-1, 2-2, and 2-3 in the Pinal County Drainage Manual was utilized to 

determine the increase in discharge caused by updating the roadway from a compacted dirt roadway to a 

paved surface.  The 2, 10, and 100-year discharge values were determined for the corresponding time of 

concentration under both existing and developed conditions.  To be conservative, the 5 minute time of 

concentration discharge values were also calculated.  Both values are shown in the tables below and 

calculations are included.  

 

2-Year Discharge Values 

Drainage   Resistance Runoff 2-Year Existing Resistance Runoff 2-Year Developed 

Area Length Coef Coef Q (cfs) Q (cfs) Coef Coef Q (cfs) Q (cfs) 

(acres) (miles) Kb C  

@ 

Tc=39min 

@ 

Tc=5min Kb C  

@ 

Tc=24min 

@ 

Tc=5min 

2.03 0.6 0.076 0.65 2 5 0.038 0.8 3 6 

 

10-Year Discharge Values    

Drainage   Resistance Runoff 10-Year Existing Resistance Runoff 10-Year Developed 

Area Length Coef Coef Q (cfs) Q (cfs) Coef Coef Q (cfs) Q (cfs) 

(acres) (miles) Kb C  

@ 

Tc=31min 

@ 

Tc=5min Kb C  

@ 

Tc=19min 

@ 

Tc=5min 

2.03 0.6 0.076 0.65 3 8 0.038 0.8 6 10 

 

100-Year Discharge Values    

Drainage   Resistance Runoff 100-Year Existing Resistance Runoff 100-Year Developed 

Area Length Coef Coef Q (cfs) Q (cfs) Coef Coef Q (cfs) Q (cfs) 

(acres) (miles) Kb C  

@ 

Tc=24min 

@ 

Tc=5min Kb C  

@ 

Tc=16min 

@ 

Tc=5min 

2.03 0.6 0.076 0.81 8 15 0.038 0.95 11 18 

 

Roadside Ditches/Swale Design: 

Swales are proposed along the south side of the new pavement as needed to convey minor flows to existing 

drainage outlet locations.  The swales will have a combination of 4:1 side slopes adjacent to the roadway 

and 3:1 side slopes to match existing conditions.  The swales are designed with a maximum depth of 1 foot.  

Using a manning’s n value of 0.025, and an average slope of 0.5%, the maximum flow the swales will carry 

is 9 cfs with a velocity of 2.58 fps.  A rating table for the discharge and velocity at varying channel slopes 

is included with this submittal. The northern side of the roadway will slope from the existing properties to 

the roadway where possible and utilize 6” maximum depth water harvesting areas where the roadway is 

slightly higher than the adjacent property grades. Any flow not contained in the water harvesting areas will 

sheet flow over the roadway to the south as under existing conditions. 

 

Erosion Protection Design: 

All erosion protection is designed based on the guidelines provided in the Pinal County Drainage Manual.  

All swales are designed with velocities under 5 fps and therefore do not require specific erosion protection 

measures.  Concrete toe-downs will be utilized on both the upstream and downstream sides of the dip 
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section.  A riprap splash pad will be included on the downstream side of the dip section using D50=6” rock, 

12” thick with filter fabric. Since the proposed roadway cross section anticipates overflow drainage to weir 

over the entire roadway, the pavement section will incorporate a thickened edge along the entire length.  

 

Scour calculations were completed for the dip crossing at approximate station 43+40. The calculated scour 

using the Pinal County Drainage Manual and City of Tucson Standards Manual for Drainage Design and 

Floodplain Management (for equations not found in the Pinal Drainage Manual) is 2.4 feet maximum, 

therefore, a concrete toe-down of 3’ has been utilized for this project. 

 

Detention/Retention Design: 

Specific Detention and/or retention facilities are not included as part of this design.  Based on direction 

from Pinal County staff, areas to incorporate road retention for the impervious surface were evaluated.  A 

small basin has been designed at the end of the roadway to meter flow out into the Sunland Village Channel.  

Between the small basin at the end of the roadway and the water harvesting areas along the northern side 

of the roadway, approximately 0.18 ac-ft of storage is provided.  Per equation 2-4 of the Pinal County 

Drainage Manual, the storage volume to contain the entire 100-Year, 2-hour precipitation would be 0.44 

ac-ft (see calculation attached).      

 

 

Conclusion: 

This statement addresses the roadway improvements initiated by Pinal County for Guadalupe Road from 

Delaware Drive to the Meridian Road alignment.  Guadalupe Road is an existing dirt roadway and the 

proposed improvements include upgrading the road to a paved all-weather public access road and providing 

minor swales along the edges of the roadway. Drainage improvements will be minimal and will match 

existing conditions. The information included in this analysis supports the design of the roadway plans and 

conforms to the Pinal County Drainage Manual (Volume 1, Design Criteria and Volume 2, Design 

Methodology and Procedures) as closely as possible. 

 

































Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Channel Slope 0.02000 ft/ft

Discharge 607.00 ft³/s

Section Definitions

Station (ft) Elevation (ft)

42+28 1542.06

43+90 1541.12

45+03 1544.39

Roughness Segment Definitions

Start Station Ending Station Roughness Coefficient

(42+28, 1542.06) (45+03, 1544.39) 0.013

Options

Current Roughness Weighted 
Method

Pavlovskii's Method

Open Channel Weighting Method Pavlovskii's Method

Closed Channel Weighting Method Pavlovskii's Method

Results

Normal Depth 0.81 ft

Elevation Range 1541.12 to 1544.39 ft

Flow Area 68.42 ft²

Wetted Perimeter 168.28 ft

Hydraulic Radius 0.41 ft

Top Width 168.26 ft

Normal Depth 0.81 ft

Critical Depth 1.15 ft

Critical Slope 0.00284 ft/ft

Velocity 8.87 ft/s

Worksheet for Road Dip Section at 607 cfs

3/25/2015 10:24:23 AM

Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of1Page



Results

Velocity Head 1.22 ft

Specific Energy 2.04 ft

Froude Number 2.45

Flow Type Supercritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Normal Depth 0.81 ft

Critical Depth 1.15 ft

Channel Slope 0.02000 ft/ft

Critical Slope 0.00284 ft/ft

Worksheet for Road Dip Section at 607 cfs

3/25/2015 10:24:23 AM

Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of2Page



Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Channel Slope 0.02000 ft/ft

Normal Depth 0.81 ft

Discharge 607.00 ft³/s

Cross Section Image

Cross Section for Road Dip Section at 607 cfs

3/25/2015 10:25:02 AM

Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Channel Slope 0.02000 ft/ft

Discharge 607.00 ft³/s

Section Definitions

Station (ft) Elevation (ft)

10+00 1541.88

10+28 1541.00

10+55 1541.00

10+59 1540.00

10+62 1540.00

10+79 1541.00

11+27 1542.00

Roughness Segment Definitions

Start Station Ending Station Roughness Coefficient

(10+00, 1541.88) (11+27, 1542.00) 0.030

Options

Current Roughness Weighted 
Method

Pavlovskii's Method

Open Channel Weighting Method Pavlovskii's Method

Closed Channel Weighting Method Pavlovskii's Method

Results

Normal Depth 1.97 ft

Elevation Range 1540.00 to 1542.00 ft

Flow Area 100.64 ft²

Wetted Perimeter 126.02 ft

Hydraulic Radius 0.80 ft

Top Width 125.75 ft

Worksheet for Dip Section downstream

3/25/2015 10:19:20 AM

Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of1Page



Results

Normal Depth 1.97 ft

Critical Depth 2.07 ft

Critical Slope 0.01369 ft/ft

Velocity 6.03 ft/s

Velocity Head 0.57 ft

Specific Energy 2.54 ft

Froude Number 1.19

Flow Type Supercritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Normal Depth 1.97 ft

Critical Depth 2.07 ft

Channel Slope 0.02000 ft/ft

Critical Slope 0.01369 ft/ft

Worksheet for Dip Section downstream

3/25/2015 10:19:20 AM
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Channel Slope 0.02000 ft/ft

Normal Depth 1.97 ft

Discharge 607.00 ft³/s

Cross Section Image

Cross Section for Dip Section downstream

3/25/2015 10:20:05 AM
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Project Name Guadalupe Road Road Dip Section

Project Number 7PIN110301 Made by RB Date 3/25/2015

Reference Pinal County Drainage Manual Checked By Date

COT SMDDFM

Depth of Scour
Basic Channel Information

Existing Dip Section Crossing

Discharge (cfs) 607 Mannings 'n' 0.013

Channel Invert (ft) 1541.48 Vm Flow Velocity (ft) 8.87

Water Surface Elevation (ft) 1542.29 A Flow Area (ft
2
) 168.3

Ymax Flow Depth (ft) 0.8 Tw Top Width (ft) 168.3

Se* Energy Slope (ft/ft) 0.02 Yh Hydraulic Depth (ft) 1.000119

Angle 5 FS Multiplying Factor 1.3

Fr Froude Number 1.19

Long-Term Scour (ft) Eq. 7.10

=upstream of the pivot point (ft)

=decrease in bed slope (ft/ft)

= 0

General Scour (ft) Eq. 7.11

= 0.218453925 (ft)

= 0.218453925

Bedform Trough Depth/Anti-dune Scour (ft) Eqs. 7.12-7.14

When Fr<0.7 When Fr>0.7

= 0.03 = 0.62291

Low Flow Thalweg (ft)

Use when the ratio of the flow width to the flow depth is greater than 1.15 times the average velocity

Zlft  = 1 Standard Watercourses

Zlft  = 2 Regional Watercourses

Bend Scour (ft) Eq. 6.6 (COT)

= 0

Z Y
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Y Sgs

m

h e

= −
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. .

.0 0685
1

0 8

0 4 0 3

Hydro



Local Scour (ft) Eq. 6.9 (COT)

Use when there is an abrupt change in direction of flow caused by an  obstruction, i.e. bridge pier, manhole.

= 0

Total Scour (ft) Eq. 7.9

= 2.39

Total Scour Depth 2.39 (ft)

Use Minimum Scour Depth of 3.0 ft.

Hydro


