
Early Notice and Public Review of a Proposed Activity in a 100-Year Floodplain 
 
To: All interested Agencies, Groups, and Individuals 
 
This is to give notice that the City of Tucson Housing & Community Development 
Department (COT-HCDD) as Responsible Entity under 24 CFR Part 58 has determined 
that the following proposed action under the HUD Community Development Block Grant 
(CDBG) and Choice Neighborhoods Planning Grant programs is located in the 100-year 
(“regulatory”) floodplain, and COT-HCDD will be identifying and evaluating practicable 
alternatives to locating the action in the floodplain and the potential impacts on the 
floodplain from the proposed action, as required by Executive Order 11988, in 
accordance with HUD regulations at 24 CFR 55.20 Subpart C Procedures for Making 
Determinations on Floodplain Management and Protection of Wetlands. 
 
The Esquer Park Dog Parks and Park Improvement Project includes design and 
construction of two dog parks in portions of the existing park and reconstruction of a 
stormwater detention basin, construction of new concrete walking paths circling the dog 
parks, disturbance of the Bronx Wash for utilities to provide lighting for the dog parks 
and walking paths, design and construction of a new pedestrian bridge over the Bronx 
Wash providing connectivity to the existing walkway south of Bronx Wash, installation of 
a public art sculpture, and rainwater harvesting and landscape and irrigation 
improvements. Construction of the dog parks and park improvements will be conducted 
in the north and central areas of the existing park. Site preparation includes clearing the 
site and removing debris and other materials within the construction area. Subgrade 
preparation will be conducted for the basin reconstruction and beneath the curbs and 
walking path. 
 
The Francisco Elias Esquer Park is approximately 4.88 acres of City-owned property. 
The site is in FEMA Flood Zone AE, FIRM panel 04019C 2276L, effective 6/16/2011. 
The Bronx Wash is a designated riverine according to the National Wetlands Inventory. 
The US Fish and Wildlife Service has determined the Bronx Wash is an ephemeral 
wash and not a wetland. The Bronx Wash within the park area is designated by the City 
of Tucson’s Master Plan Tucson Stormwater Management Study (TSMS) as a TSMS 
Xeroriparian Intermediate Habitat. 
 
The project location is: 1415 North 14th Avenue, Tucson, Pima County, AZ 85705, Pima 
County Assessor Parcel Numbers 115-18-007F and 115-18-171A. The site is in the 
Barrio Blue Moon Neighborhood, northeast of Interstate 10 and West Speedway 
Boulevard. 
 
Total Estimated Project Cost: $952,809. Estimated Funding: $330,469 in Community 
Development Block Grant (CDBG) and $54,000 in Choice Neighborhoods Planning 
Grant funds through the City of Tucson Housing & Community Development 
Department, $318,340 in Tucson voter-approved Proposition 407 bond funds through 
the City of Tucson Parks and Recreation Department, and $250,000 in American 
Rescue Plan Act funding. 



 
Most of the floodwater runoff in the project area is conveyed from the existing storm drain 
system located at the northeast side of the park through the site to the southwestern 
portion of the park where it combines with additional urban runoff before continuing west. 
A drainage analysis including project specific, Bronx Wash modeling was performed for 
the proposed park improvements, including the pedestrian bridge design (Final Drainage 
Memorandum, Kimley Horn, 8/19/2022, revised 2/5/2024). The park site is almost entirely 
located within a regulatory floodplain which also inundates portions of parcels adjacent to 
the park in existing conditions. The proposed bridge is designed as a single span across 
the low-flow channel portion of the Bronx Wash to have the central portion of the bridge 
elevated one-foot above the regulatory/100-year water surface elevation. Since the 
proposed bridge is a pedestrian bridge and designed to be more cost effective, a 60-foot 
bridge opening on spread footings is recommended. While the bridge may be susceptible 
to lateral migration of the wash, the bridge should not be in use during regulatory/100-
year storm events since the entire area would be inundated. Smaller storm events are 
expected to be conveyed within the low-flow channel under the bridge. 
 
The existing detention basin on the northside of Esquer Park will be reconstructed to 
facilitate increased water harvesting within the proposed dog parks with overall flow 
patterns remaining unchanged. The revised Final Drainage Memorandum indicates the 
park improvement project is impacted by the Bronx Wash, and while the Bronx Wash 
overbank floodplain inundates much of the site, the memorandum states the project will 
not adversely impact adjacent properties. 
 
The Bronx Wash within the project limits is subject to the City of Tucson’s Watercourse 
Amenities, Safety, Habitat (WASH) regulations. Proposed infrastructure improvements 
within the WASH limits are the bridge and at-grade pathways connecting the proposed 
amenities north of the Bronx Wash to existing pathways to the south. Plantings and other 
water harvesting features associated with the project are proposed within the WASH 
limits. 
 
The City of Tucson's Floodplain Ordinance does not allow for unnecessary alteration of 
the riparian floodplain; however, the Tucson City Code does allow for disturbance of the 
riparian floodplain for the following purposes: roadway/access, utilities, and trails. The 
park improvements are intended to comply with the City Floodplain Ordinance, the WASH 
Ordinance, and other City drainage regulations.  
 
There are three primary purposes for this notice. First, people who may be affected by 
activities in floodplains and wetlands and those who have an interest in the protection of 
the natural environment should be given an opportunity to express their concerns and 
provide information about these areas. Commenters are encouraged to offer alternative 
sites outside of the floodplain and wetlands, alternative methods to serve the same 
project purpose, and methods to minimize and mitigate impacts. Second, an adequate 
public notice program can be an important public educational tool. The dissemination of 
information and request for public comment about floodplains and wetlands can 
facilitate and enhance Federal efforts to reduce the risks and impacts associated with 



the occupancy and modification of these special areas. Third, as a matter of fairness, 
when the Federal government determines it will participate in actions taking place in 
floodplains and wetlands, it must inform those who may be put at greater or continued 
risk. 
 
Written comments must be received by the City of Tucson Housing & Community 
Development Department (COT-HCDD) at the following address on or before April 23, 
2024: City of Tucson Housing & Community Development Department, PO Box 27210, 
Tucson, AZ, 85726, Attention: Rolanda Mazeika, Environmental Project Coordinator. 
Comments may also be submitted via e-mail to Rolanda.Mazeika@tucsonaz.gov. A full 
description of the project may be reviewed weekdays, 8 AM to 4 PM at 310 N 
Commerce Park Loop, Tucson, AZ 85745 or can be accessed online at 
www.tucsonaz.gov/Departments/Housing-and-Community-
Development/Documents/Environmental-Review. Questions regarding the project may 
be directed to Rolanda Mazeika at 520-837-5408. The Certifying Officer of the City of 
Tucson, the Responsible Entity under 24 CFR Part 58, is Ann Chanecka, Director of 
COT-HCDD. 
 
If you require oral interpretation in a language other than English, please call (520) 791-
4171. Si necesita interpretación oral en un idioma que no sea inglés, por favor llame al 
(520) 791-4171. 
 
Date: April 8, 2024 



Approximate stormwater detention basin area

Approximate sculpture location
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kimley-horn.com 3300 East Sunrise Dr, Suite 130, Tucson, AZ 85718 520-615-9191 

 

FINAL DRAINAGE MEMORANDUM 

To: Greg Jackson, City of Tucson 

From: 

 

Kevin Payne, P.E., CFM, Kimley-Horn 

 

Date: 

Revised: 

 

August 19, 2022 

February 5, 2024 

 

Subject: Final Drainage Memorandum 

Francisco Elias Esquer Park 

KHA Job #098134081 

 

This memo summarizes the drainage analysis that was completed in support of the proposed 

improvements at Francisco Elias Esquer Park. The project is located within the southeast quadrant of 

Section 2 of Township 14 South, Range 13 East, Gila and Salt River Meridian. More specifically, the 

project is located within Francisco Elias Esquer Park near the northeastern corner of 15th Ave and 

Mabel St within City of Tucson limits. The project consists of a pedestrian bridge over the Bronx Wash, 

a dog park, walking paths, and landscape improvements. 

Two dimensional (2-D) hydrologic and hydraulic modeling was previously completed by Kimley-Horn 

for the Bronx Wash watershed. The 2-D Bronx Wash modeling shows the site is significantly impacted 

by overland flow from the north, northeast, and southeast. An existing storm drain system conveys flow 

generated east of Main Ave through the Tucson House parking lot and outlets to the Bronx Wash 

channel at the eastern boundary of the park. The site is mapped as a Zone AE floodplain on FEMA 

Flood Insurance Rate Map (FIRM) panel 04019C2276L, effective June 16, 2011. A CLOMR/LOMR 

based on the Bronx Wash modeling is not anticipated and is not included as part of this project. A 

FEMA Firmette is attached for reference. 

The 100-yr peak discharge of 744 cfs obtained from the 2-D watershed model was utilized for bridge 

design. TSMS Node DC-N0025 is along the Bronx Wash, downstream of the park, at 15th Ave. The 

TSMS node reports a 100-yr discharge of 1,011 cfs. There is significant inflow from the southeast 

between TSMS Node DC-N0025 and the project. The 100-yr discharge at 15th Ave from the Bronx 

Wash study is 1,245 cfs. An excerpt of the Hydrologic/Hydraulic Workmap from the Bronx Wash study 

(Figure 1) is provided in the Appendix. The location of the TSMS node has been added to the Bronx 

Wash Workmap for clarity. The closest published 100-yr FIS discharge of 1,573 is at the Union Pacific 

Railroad is approximately 500-ft downstream of the project. Depending on whether the FIS discharge 

is located upstream or downstream of the railroad, there is at least one undersized drainage structure 

between the published FIS discharge and the project. Due to the distance between the FIS discharge 

and the project, the dynamic nature of urban flow with 2-D modeling, along with flow splits and 

kevin.payne
Snapshot
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attenuation caused by undersized structures, it is difficult to correlate the design discharge for this 

project and the FIS discharge. 

Project specific HEC-RAS modeling was performed to design the pedestrian bridge. HEC-RAS 

modeling was performed using 2015 PAG LiDAR data to evaluate bridge alternatives. The existing 

conditions HEC-RAS analysis shows that overbank flow from the Bronx Wash inundates much of the 

park. The model shows that overbank flows are generally shallow with low velocities, resulting in 

minimal flow conveyance outside of the main channel. The bridge was designed as a single span across 

the Bronx Wash and to provide 1-ft of freeboard above the 100-yr water surface elevation. Proposed 

bridge openings of 40-ft and 60-ft were evaluated within HEC-RAS. Both bridge opening sizes would 

meet freeboard requirements and prevent adverse impacts to adjacent property owners.  

To determine the impact that clogging of the proposed dog park fence would have on conveyance, the 

area within the proposed fencing limits was modeled as ineffective flow in the hydraulic model. 

Additionally, an art sculpture is proposed in the south overbank near the south ped bridge abutment.  

A blocked obstruction has been added to the HEC-RAS model for the art sculpture. 

Results of the HEC-RAS analysis at the upstream bridge cross section (XS 463) are provided in Table 

1. These results are used to define the low-chord of the bridge with 1-ft of freeboard.   

Table 1 – HEC-RAS Water Surface Elevations 

HEC-RAS Model  
WSEL  

[ft] 

Existing 2345.47 

Proposed 40-ft Bridge Opening 2345.62 

Proposed 60-ft Bridge Opening 2345.66 

Proposed 60-ft Bridge Opening with Fence and Sculpture 2345.66 

 

Model results show that impacts from the bridge, site fencing, and art sculpture meet COT Floodplain 

Ordinance requirements, with rises either less than 0.1’ or contained on-site (at the upstream bridge 

face). Floodplain extents were delineated for existing and proposed conditions. Hydraulic cross 

sections, the proposed bridge location, and the 100-yr floodplain delineations are shown on Figure 2.  

Existing and proposed conditions HEC-RAS outputs are attached. 

Review of the FEMA FIRM, along with project modeling, shows that the floodplain extents will be largely 

unchanged by the project improvements and that 100-year WSEL are lower than those defined on the 

FIRM.  Based on these finding, a CLOMR is not warranted for this project. 

City of Tucson (COT) scour calculations were performed at the proposed bridge location under the 

assumption that the abutments would scour, and the bridge supports would be exposed. Scour depth 
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was found to be 12-ft, primarily resulting from local pier scour. Due to the proximity of the abutments to 

the banks of the wash, drilled shafts would be recommended for the 40-ft bridge opening. The 60-ft 

bridge opening would place the abutments further from the wash and could be designed using spread 

footings. Since it is a pedestrian bridge and to be more cost effective, the 60’ bridge opening on spread 

footings is recommended. While the bridge may be susceptible to lateral migration of the wash, the 

bridge should not be in use during the design storm since the entire area would be inundated. In 

addition, the project HEC-RAS and Bronx Wash FLO-2D modeling both show 100-yr velocities outside 

the main channel to be less than 3 fps which is considered non-erosive and additional justification for 

the spread footing design approach. Structural details in the plans provide for the design of the 

abutments using spread footings, with overexcavation and structural backfill to support the spread 

footings. The disturbed areas near the abutments along with the bridge approaches shall be protected 

with grouted riprap. Scour calculations are attached. The bridge design and the associated risk was 

reviewed in a meeting with City Parks staff and City Engineering staff and agreed that the risk to the 

pedestrian bridge is minimal, and acceptable. 

The project was design in coordination with the City’s Storm to Shade program with the objective of 

using the dog park of large scale water harvesing.  Runoff within the Bronx Wash will continue to be 

conveyed within the channel during low-flow events. A 4-ft wide earthen trapezoidal swale with 4:1 side 

slope shall be graded to convey flow to two (2) 18-inch corrugated metal pipes (CMPs) that shall be 

installed near the northeastern corner of the project. These CMPs will help convey a portion of larger 

flows under the pathway to the depressed areas and water harvesting basins within the dog park. The 

dog park shall be graded to provide positive drainage to two (2) 18-inch CMPs at the southwestern 

corner of the project that will convey flow under the pathway. A 4-ft wide earthen trapezoidal swale with 

4:1 side slope shall be graded from this culvert outlet to the Bronx Wash. The inlet and outlet CMPs 

are intended to meter inflow into the dog park and outflow back to the Bronx Wash. 

There are four (4) scupper locations that shall be installed along the northern section of the pathway to 

convey runoff generated north of the project to the dog park. The scuppers were sized to match existing 

inflow patterns. Scupper outlets shall be protected with D50 = 6-in riprap. In addition, an 18” CMP shall 

be installed as an equalizer pipe between the two (2) larger scupper spillway outlets near the center of 

the project. Drainage improvements are shown on the attached grading plan. 

The section of the Bronx Wash within the project limits is a WASH watercourse. The only infrastructure 

improvements proposed within the WASH limits are the bridge and the at-grade pathway connecting 

the proposed amenities north of the Bronx Wash to the existing pathway to the south. There will be 

significant planting and water harvesting associated with the project, including within the WASH limits. 

The Bronx Wash channel will not be impacted.  

Based on the 2023 Supreme Court ruling on Section 404 of the Clean Water Act, the Bronx Wash is 

not a relatively permanent body of water, therefore shall not be considered a Water of the US.  Despite 

this ruling, the project has been designed to avoid disturbance to the primary channel.  As discussed 

above, the bridge is designed as a single span, completely spanning the Bronx Wash channel.  Minimal 

grading is proposed within the overbanks to assist with water harvesting but these areas do not impact 

the ”sandy bottom” of the wash. To summarize, there will not be any project components, including 
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bridge abutments and/or piers, in the wash. As a result, the project has been determined to be non-

jurisdictional and a 404 compliance statement is attached.  

Increased imperviousness resulting from the project is considered negligible. Existing topography within 

the project limits is depressed, relative to adjacent grades, and provides floodplain storage. The project 

includes grading that will enhance the volume of the naturally depressed area and provide additional 

floodplain storage. The depressed area shall be inspected and maintained regularly to promote its 

function as a detention basin. The inspection process should include: 

• An evaluation of erosion or sedimentation around the inlet spillways, inlet and outlet pipes, and 

basin slopes 

• Spillway and pipe inlet/outlet obstructions 

• Vegetation growth 

• Bank failure 

Routine maintenance is expected to include mowing, trash removal, and other minor items as needed 

to allow the basin to function effectively. Additional maintenance may be required after storm events. A 

detention basin inspection maintenance checklist is attached. 

In summary, the project is impacted by the Bronx Wash. While the Bronx Wash inundates much of the 

site, the project will not adversely impact adjacent properties.  The FEMA Floodplain limits will remain 

unchanged therefore a CLOMR is not included in this project.  The project improvements were designed 

in collaboration with the COT Storm to Shade program. The existing depressed area within the park 

will be regraded to facilitate increased water harvesting within the proposed dog park.  Overall flow 

patterns remain unchanged.  Local offsite overland runoff from the north is conveyed through the park, 

into the Bronx Wash.  The Bronx Wash discharges onto the site near the northeast corner of the park 

via a large underground storm drain system and is conveyed through the site to the southwest corner 

of the park where it combines with additional urban runoff before continuing west. 
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Attachments 
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HEC-RAS  Plan: Existing   River: River 1   Reach: Reach 1    Profile: Bronx

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  

Reach 1 821     Bronx 744.00 2342.69 2348.16 2346.70 2348.77 0.004063 6.28 118.48 30.65 0.56

Reach 1 800     Bronx 744.00 2342.57 2347.88 2346.93 2348.65 0.006022 7.06 105.41 36.11 0.68

Reach 1 699.6   Bronx 744.00 2341.61 2346.73 2346.25 2347.88 0.009232 8.59 86.81 55.58 0.82

Reach 1 665     Bronx 744.00 2341.55 2347.16 2345.68 2347.48 0.002645 4.81 217.91 205.02 0.46

Reach 1 600     Bronx 744.00 2341.25 2347.08 2347.32 0.001775 4.27 258.28 203.51 0.38

Reach 1 500     Bronx 744.00 2340.25 2346.30 2346.30 2346.98 0.005606 7.04 147.48 140.15 0.65

Reach 1 463.4   Bronx 744.00 2339.61 2345.47 2344.56 2346.25 0.006222 7.18 110.81 82.62 0.69

Reach 1 442.8   Bronx 744.00 2339.59 2345.42 2344.39 2346.07 0.004949 6.54 122.80 99.34 0.62

Reach 1 421     Bronx 744.00 2339.57 2345.16 2344.39 2345.92 0.006051 7.17 129.15 115.86 0.68

Reach 1 400     Bronx 744.00 2339.42 2345.12 2345.01 2345.73 0.005184 6.66 157.02 159.11 0.63

Reach 1 300.3   Bronx 744.00 2339.25 2344.60 2344.60 2345.19 0.005473 6.93 173.84 177.17 0.65

Reach 1 200.4   Bronx 744.00 2338.50 2343.94 2343.94 2344.37 0.004473 6.03 198.93 280.55 0.57

Reach 1 100.2   Bronx 744.00 2337.79 2343.02 2343.02 2343.50 0.005708 6.21 173.72 197.78 0.65

Reach 1 53      Bronx 744.00 2338.03 2342.44 2342.13 2342.61 0.006999 3.29 226.03 251.42 0.61
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HEC-RAS  Plan: Proposed 40'   River: River 1   Reach: Reach 1    Profile: Bronx

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  

Reach 1 821     Bronx 744.00 2342.69 2348.16 2346.70 2348.77 0.004062 6.28 118.49 30.65 0.56

Reach 1 800     Bronx 744.00 2342.57 2347.88 2346.93 2348.65 0.006023 7.06 105.40 36.07 0.68

Reach 1 699.6   Bronx 744.00 2341.61 2346.75 2346.25 2347.89 0.009093 8.55 87.28 57.68 0.81

Reach 1 665     Bronx 744.00 2341.55 2347.15 2345.68 2347.49 0.002818 4.95 201.12 202.16 0.47

Reach 1 600     Bronx 744.00 2341.25 2347.08 2347.32 0.001775 4.27 258.28 203.51 0.38

Reach 1 500     Bronx 744.00 2340.25 2346.30 2346.30 2346.98 0.005606 7.04 147.48 140.15 0.65

Reach 1 463.4   Bronx 744.00 2339.61 2345.62 2344.56 2346.32 0.005240 6.79 119.27 91.34 0.64

Reach 1 459.2   Bridge

Reach 1 442.8   Bronx 744.00 2339.59 2345.43 2344.39 2346.07 0.004880 6.50 124.44 99.93 0.62

Reach 1 421     Bronx 744.00 2339.57 2345.16 2344.39 2345.92 0.006051 7.17 129.15 115.86 0.68

Reach 1 400     Bronx 744.00 2339.42 2345.12 2345.01 2345.73 0.005184 6.66 157.02 159.11 0.63

Reach 1 300.3   Bronx 744.00 2339.25 2344.60 2344.60 2345.19 0.005473 6.93 173.84 177.17 0.65

Reach 1 200.4   Bronx 744.00 2338.50 2343.94 2343.94 2344.37 0.004473 6.03 198.93 280.55 0.57

Reach 1 100.2   Bronx 744.00 2337.79 2343.02 2343.02 2343.50 0.005708 6.21 173.72 197.78 0.65

Reach 1 53      Bronx 744.00 2338.03 2342.44 2342.13 2342.61 0.006999 3.29 226.03 251.42 0.61
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HEC-RAS  Plan: Prop 60'   River: River 1   Reach: Reach 1    Profile: Bronx

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  

Reach 1 821     Bronx 744.00 2342.69 2348.16 2346.70 2348.77 0.004062 6.28 118.49 30.65 0.56

Reach 1 800     Bronx 744.00 2342.57 2347.88 2346.93 2348.65 0.006023 7.06 105.40 36.07 0.68

Reach 1 699.6   Bronx 744.00 2341.61 2346.75 2346.25 2347.89 0.009093 8.55 87.28 57.68 0.81

Reach 1 665     Bronx 744.00 2341.55 2347.15 2345.68 2347.49 0.002818 4.95 201.12 202.16 0.47

Reach 1 600     Bronx 744.00 2341.25 2347.08 2347.32 0.001775 4.27 258.28 203.51 0.38

Reach 1 500     Bronx 744.00 2340.25 2346.30 2346.30 2346.98 0.005606 7.04 147.48 140.15 0.65

Reach 1 463.4   Bronx 744.00 2339.61 2345.66 2344.56 2346.28 0.004729 6.50 133.77 93.80 0.61

Reach 1 459.2   Bridge

Reach 1 442.8   Bronx 744.00 2339.59 2345.43 2344.39 2346.07 0.004894 6.50 128.12 99.50 0.62

Reach 1 421     Bronx 744.00 2339.57 2345.16 2344.39 2345.92 0.006051 7.17 129.15 115.86 0.68

Reach 1 400     Bronx 744.00 2339.42 2345.12 2345.01 2345.73 0.005184 6.66 157.02 159.11 0.63

Reach 1 300.3   Bronx 744.00 2339.25 2344.60 2344.60 2345.19 0.005473 6.93 173.84 177.17 0.65

Reach 1 200.4   Bronx 744.00 2338.50 2343.94 2343.94 2344.37 0.004473 6.03 198.93 280.55 0.57

Reach 1 100.2   Bronx 744.00 2337.79 2343.02 2343.02 2343.50 0.005708 6.21 173.72 197.78 0.65

Reach 1 53      Bronx 744.00 2338.03 2342.44 2342.13 2342.61 0.006999 3.29 226.03 251.42 0.61
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HEC-RAS  Plan: 60'+Fences+Sculpture   River: River 1   Reach: Reach 1    Profile: Bronx

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  

Reach 1 821     Bronx 744.00 2342.69 2348.16 2346.70 2348.77 0.004058 6.28 118.53 30.66 0.56

Reach 1 800     Bronx 744.00 2342.57 2347.88 2346.93 2348.65 0.006012 7.05 105.48 36.61 0.68

Reach 1 699.6   Bronx 744.00 2341.61 2346.86 2346.25 2347.92 0.008313 8.29 90.12 75.34 0.78

Reach 1 665     Bronx 744.00 2341.55 2347.11 2345.68 2347.56 0.003467 5.46 156.56 197.82 0.52

Reach 1 600     Bronx 744.00 2341.25 2347.04 2345.09 2347.35 0.002150 4.67 207.88 201.50 0.42

Reach 1 500     Bronx 744.00 2340.25 2346.30 2346.30 2346.98 0.005606 7.04 147.48 140.15 0.65

Reach 1 463.4   Bronx 744.00 2339.61 2345.66 2344.56 2346.28 0.004747 6.51 133.55 93.62 0.61

Reach 1 459.2   Bridge

Reach 1 442.8   Bronx 744.00 2339.59 2345.42 2344.39 2346.06 0.004921 6.51 127.75 99.23 0.62

Reach 1 421     Bronx 744.00 2339.57 2345.17 2344.42 2345.92 0.005980 7.14 130.15 116.58 0.68

Reach 1 400     Bronx 744.00 2339.42 2345.11 2344.59 2345.75 0.005350 6.75 145.64 156.71 0.64

Reach 1 300.3   Bronx 744.00 2339.25 2344.64 2344.64 2345.20 0.005119 6.76 178.07 194.70 0.63

Reach 1 200.4   Bronx 744.00 2338.50 2343.94 2343.94 2344.37 0.004473 6.03 198.93 280.55 0.57

Reach 1 100.2   Bronx 744.00 2337.79 2343.02 2343.02 2343.50 0.005708 6.21 173.72 197.78 0.65

Reach 1 53      Bronx 744.00 2338.03 2342.44 2342.13 2342.61 0.006999 3.29 226.03 251.42 0.61



EQUATION 6.3, Standards Manual for Drainage Design  

and Floodplain Management

Francisco Park - XS 463

Zt = Design scour depth, excluding long-term aggradation/degradation, in feet;

Zgs = General scour depth, in feet;

Za = Anti-dune trough depth, in feet;

Zls = Local scour depth, in feet;

Zbs = Bend scour depth, in feet;

Zlft = Low-flow thalweg depth, in feet;

1.3 = Factor of safety to account for non-uniform flow distribution

Zt =

Zgs = 0.33 ft

Za = 0.58 ft

Zls = 7.40 ft Zt = 11.73 ft

Zbs = 0.00 ft

Zlft = 1.00 ft

1.3(Zgs + 1/2Za + Zls + Zbs + Zlft)



EQUATION 6.4, Standards Manual for Drainage Design  

and Floodplain Management

Zgs = General scour depth, in feet;

Vm = Average velocity of flow, in feet per second;

Ymax = Maximum depth of flow, in feet;

Yh = Hydraulic depth of flow, in feet;

Se = Energy slope ( or bed slope for uniform-flow conditions), in feet per foot

Zgs =

Vm = 6.51 fps

Ymax = 6.05 ft

Yh = 3.58 ft Zgs = 0.333 ft

Se = 0.004747 ft/ft

[(0.0685Vm0.8/Yh0.4Se0.3)-1]



EQUATION 6.5, Standards Manual for Drainage Design  

and Floodplain Management

Za = Anti-dune trough depth, in feet;

Vm = Average velocity of flow, in feet per second;

g = Acceleration due to gravity, in feet per second squared;

Za =

Vm = 6.51 fps

g = 32.2 ft/sec
2

Za = 0.58 ft

0.5(0.14)2¶Vm
2
/g = 0.0137Vm

2



Section 6.6.3, Standards Manual for Drainage Design  

and Floodplain Management

Zlft = Low flow thalweg depth, in feet;

Y = Flow depth; in feet;

W = Flow width; in feet;

Vm = Average Velocity of flow, in feet per second;

Zlft =

Vm = 6.51 fps

W = 94 ft Zlft = 1.00 ft

Y = 6.05 ft

W/Y = 15.5

1.15Vm = 7.5

1' when W/Y>1.15Vm



Section 6.6.5, Standards Manual for Drainage Design  

and Floodplain Management

Zlsp = Local scour due to piers, in feet

Y = Flow depth, in feet

bp = Pier width normal to flow direction, in feet

Fu = Upstream Froude number

Rf = Reduction Factor (Table 6.1)

Zlsp =

bpe = Effective pier width, in feet

L = Length of pier wall, in feet

∅p = Angle of approach flow in relationship to pier wall, in degrees

bpe =

Y = 6.05 ft

bp = 4 ft Zlsp = 7.40 ft

Fu = 0.61

Rf = 0.9

bpe = 4.00

L = 4

∅p = 0 degrees

∅p = 0.00 radians

2.2 Rf Y [(bp/Y)
0.65

] Fu
0.43

L sin ∅p + bp cos ∅p



404 COMPLIANCE STATEMENT 
 

 

Francisco Elias Esquer Park is a development project on 1.5 acres 
 

in Section 2 Township 14 South Range 13 East of the 
 

Gila and Salt River Base and Meridian in Pima County Arizona. 

 
 

I Kevin Payne, am a Registered Professional Civil Engineer in the State of 

Arizona and am responsible for the preparation of the report for the above-

referenced project. I attest to the following statement: 

 

This project has been determined to be non-jurisdictional pursuant to Section 

404 of the Federal Water Pollution Control Act amendments of 1972, 

33 USC 1334. 
 

 

 

Place Engineer’s Seal and 

Signature in the space above. 

09
29

23



Detention Basin Inspection and Maintenance Checklist 
 

Date: Basin Name/Location: 

Inspector: Title: Affiliation: 

Type of Inspection:               Annual                After a Significant Storm Event 

General Requirements 
 

• Basins shall be maintained to perform as designed for the life of the project and shall not be converted to a 
different use without a Floodplain Use Permit. A Floodplain Use Permit is not required for maintenance 
activities.  

• Basins shall be inspected annually and after significant storm events. 

• The purpose of the inspection is to evaluate whether as-built characteristics are maintained.  
 

Basin 
Component 

Inspection Item  
Requires 

Maintenance 
If maintenance is required, 
describe corrective action 

Inlet  

As-built grades and elevations  
 

Presence of obstructions  
 

Evidence of material damage   

Outlet 

As-built grades and elevations  
 

Presence of obstructions  
 

Evidence of material damage  
 

Slopes 

As-built grades and elevations   

Invasive non-native plants    

Slope  treatment   

Depth 
As-built grades and elevations   

Sediment accumulation  >10% of 
design volume  

 

Floor 

As-built grades and elevations  
 

Presence of ponding  
 

Evidence of oil, grease, chemicals 
or trash  

 

Presence of invasive non-native 
plants   

 

Security 
Barrier 

Presence of damage or instability  
 

Access Presence of obstruction  
 

Landscaping 
Presence of overgrown 
vegetation   

 



Detention Basin Inspection and Maintenance Checklist (Continued) 
 

Date: Basin Name/Location: 

 

 

Basin 
Component 

Inspection Item  
Requires 

Maintenance 
If maintenance is required, 
describe corrective action 

Presence of invasive non-native 
plants  

 

Damage to basin due to 
landscape elements  

 

Other 
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1 INTRODUCTION 

In accordance with our proposals dated April 29 and November 24, 2021 and your authorization, 

we have performed a geotechnical evaluation for the design and construction of new 

improvements at the Francisco Elias Esquer Park in Tucson, Arizona (Figure 1). The purpose of 

our evaluation was to assess the subsurface conditions at the project site in order to provide 

geotechnical recommendations for design and construction. This report presents the results of 

our evaluation and our geotechnical conclusions and recommendations regarding the proposed 

construction. 

2 SCOPE OF SERVICES 

The scope of our services for this project generally included: 

 Reviewing available topographic information, soil surveys, and geologic literature for the 
project area. 

 Conducting a visual reconnaissance of the project area and marking out the boring 
locations. 

 Notifying Arizona 811 of the proposed exploration locations prior to conducting our field 
work. 

 Evaluating the presence of underground utilities at our boring locations using the services of 

a private utility locator. 

 Exploring the subsurface soils by drilling, logging, and sampling three exploratory soil 
borings to an approximate depth of 5 and 50 feet below ground surface (bgs). The boring 
logs are presented in Appendix A.  

 Performing laboratory tests on selected samples collected from our borings to evaluate the 
in-situ moisture content and dry density, gradation, Atterberg limits, consolidation, and 
corrosivity characteristics (including pH, minimum electrical resistivity, soluble sulfate and 
chloride contents). The results of the laboratory tests are included in Appendix B. 

 Preparing this report presenting our findings, conclusions, and recommendations regarding 
the proposed design and construction.  

Our scope of services did not include environmental consulting services such as hazardous 

waste sampling or analytical testing at the site. A detailed scope of services and estimated fee 

for such services can be provided upon request. 
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3 SITE DESCRIPTION 

The site is located at 1415 North 14th Avenue in Tucson, Arizona. At the time of our evaluation, 

the site was occupied by an existing recreational park, including small structures (ramadas), 

walking paths, and asphaltic concrete (AC) paved driveways and parking areas. The park was 

bisected by the Bronx Wash with earthen, partly vegetated slopes. The park has unorganized 

vegetation, which is particularly dense along the Wash. The Santa Cruz River Wash was located 

approximately 1,500 feet to the west of the site. The site is situated west of the Interstate 10  

(I-10) and the Union Pacific Rail Road (UPRR) corridor. 

4 TOPOGRAPHIC MAP AND AERIAL PHOTOGRAPH REVIEW  

According to the Tucson, Arizona, Pima County, 7.5-Minute United States Geological Survey 

(USGS) Topographic Quadrangle Map (2018), the average site elevation is approximately 2,350 

feet relative to mean sea level (MSL). The topography of the site is relatively flat and slopes 

gently from east to west, toward the Santa Cruz River. 

Several historical aerial photographs from Historicaerials.com (Nationwide Environmental Title 

Research [NETR]) and from Google Earth™ were reviewed for this project. Aerial images dated 

1958 through 1972 depicted the Park site as an undeveloped parcel. Images dated 1980 

through 1996 depicted some changes within the Park area indicating increasing use a 

recreational facility. An image dated 2002 and later images depicted the project site and its 

vicinity as being similar to their current condition. 

5 PROPOSED CONSTRUCTION 

We understand that the City of Tucson (COT) Parks and Recreation plans to design and 

construct improvements to the Park, which will generally include: 

 A pedestrian bridge across the Bronx Wash; 

 Walking trails and paths; 

 Shaded canopies and benches 

 Dog park; 

 Water stations; 

 Iron fencing; 

TC-COM-0523-01350
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 Emergency vehicle pull-in, and 

 Other small improvements. 

We further understand that the new bridge will be a 40-foot long single-span structure supported 

on shallow foundations (spread footings) or, alternatively, drilled shafts. The preliminary anchor 

bolt reactions for the bridge abutments are summarized below: 

 Vertical dead load: 100,000 pounds (lbs.); and 

 Vertical live load: 25,000 lbs.; 

Other reactions due to wind and seismic events were not available as of the date of this report. 

It is estimated that with the 40-foot long bridge span, the design scour depth will extend about 

12 feet below the bottom of the channel.  

Other improvements such as shades canopies will be supported on slabs on grade. 

Engineering plans for the proposed improvements were not available for our review. However, 

we understand that the new construction will not include any major grading operations. 

6 FIELD EXPLORATION AND LABORATORY TESTING 

On October 28 and December 29, 2021, Ninyo & Moore conducted a subsurface exploration in 

order to evaluate the subsurface conditions and to collect soil samples for laboratory testing. 

Our evaluation consisted of drilling, logging, and sampling three exploratory borings using a 

CME-75 drill rig equipped with hollow-stem augers. The borings extended to approximate 

depths of 5 and 50 feet bgs. Bulk and relatively undisturbed soil samples were collected at 

selected depth intervals in our borings.  

Ninyo & Moore personnel logged the borings in general accordance with the Unified Soil 

Classification System (USCS) and American Society for Testing and Materials (ASTM) D 2488 

by observing cuttings and drive samples. Collected ring samples were trimmed in the field, 

wrapped in plastic bags, and placed in cylindrical plastic containers to retain in-place moisture 

conditions. Similarly, Standard Penetration Test (SPT) and bulk samples were sealed in plastic 

bags to retain their approximate in-place moisture. Detailed descriptions of the soils 

encountered are presented on the boring logs in Appendix A. The approximate locations of the 

borings are depicted on Figure 2. 
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The soil samples collected from our exploratory activities were transported to the Ninyo & Moore 

laboratory in Tucson, Arizona for geotechnical laboratory testing. The tests included in-situ 

moisture content and dry density, gradation, Atterberg limits, consolidation, and corrosivity 

characteristics (including pH, minimum electrical resistivity, and soluble sulfate and chloride 

contents). The results of the in-situ moisture content and dry density testing are presented on 

the boring logs in Appendix A. A description of each laboratory test method and the remainder of 

the test results are presented in Appendix B. 

7 GEOLOGY AND SUBSURFACE CONDITIONS 

The project site is located in the Sonoran Desert Section of the Basin and Range physiographic 

province, which is typified by broad alluvial valleys separated by steep, discontinuous, 

subparallel mountain ranges. The mountain ranges generally trend north-south and  

northwest-southeast. The basin floors consist of alluvium with thickness extending to several 

thousands of feet.  

The basins and surrounding mountains were formed approximately 18 million years ago during 

the mid- to late-Tertiary age. Extensional tectonics resulted in the formation of horsts 

(mountains) and grabens (basins) with vertical displacement along high-angle normal faults. 

Intermittent volcanic activity also occurred during this time. The surrounding basins were filled 

with alluvium from the erosion of the surrounding mountains as well as from deposition from 

rivers. Coarser-grained alluvial material was deposited at the margins of the basins near the 

mountains.  

The surficial geology of the area within the project site consists of geologic units described as 

being Holocene-age (<10,000 years) active stream channels, low stream terraces, and relatively 

undissected alluvial fans. (McKittrick, M.A., 1988). The alluvial deposit units include Quaternary-

age floodplains and low river terrace deposits flanking the main channel system along the Santa 

Cruz River consisting of weakly to unconsolidated sand, silt and clay.  

According to the United States Department of Agriculture (USDA), Natural Resource 

Conservation Service (NRCS) online Web Soil Survey, the proposed alignment crosses areas of 

various soil types. The predominant soil types are described in Table 1 below. 
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Table  1- NRCS Soil Units 

Soil Map Unit Name Description of Soil Units 

Cave gravelly loam 
Gravelly loam, gravelly loamy coarse sand, cemented 

material 

Mohave loam Loam, clay loam 

Notes: 
Loam is an agricultural soil classification that refers to a soil comprised of a mixture of clay, silt, and sand 

7.1 Subsurface Conditions 

Our knowledge of the subsurface conditions at the project site is based on our field exploration, 

laboratory testing, and our general understanding of the geology of the area. The following 

paragraph provides a generalized description of the materials encountered. More detailed 

stratigraphic information is presented on the boring logs in Appendix A. The boring logs contain 

our field and laboratory test results, as well as our interpretation of conditions believed to exist 

between actual samples retrieved. Therefore, these boring logs contain both factual and 

interpretive information. Lines delineating subsurface strata on the boring logs are intended to 

group soils having similar engineering properties and characteristics. They should be 

considered approximate, as the actual transition between soil types (strata) may be gradual. A 

key to the soil symbols and terms used on the boring logs is provided in Appendix A. 

Native alluvial soil deposits were encountered at the surface of our borings and extended to the 

boring termination depths. In general, the alluvium consisted of medium dense to dense silty 

sand, silty clayey sand, and clayey sand with variable percentages of gravel and zones of 

caliche cementation in our borings.  

7.2 Groundwater 

Groundwater was not encountered in our exploratory borings. Based on well data provided by 

the Arizona Department of Water Resources (ADWR), groundwater has been historically 

measured at depths on the order of 30 feet bgs. However, it should be noted that groundwater 

levels near the site can fluctuate due to seasonal variations, flows in the Bronx Wash, irrigation, 

groundwater withdrawal or injection, and other factors.  

8 GEOLOGIC HAZARDS 

The following section provides a discussion regarding potential geologic hazards such as land 

subsidence and earth fissures, and faulting and seismicity. 
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8.1 Land Subsidence and Earth Fissures 

Groundwater depletion, due to groundwater pumping, has caused land subsidence and earth 

fissures in numerous alluvial basins in Arizona. It has been estimated that subsidence has 

affected more than 3,000 square miles and has caused damage to a variety of engineered 

structures and agricultural land (Schumann and Genualdi, 1986). From 1948 to 1983, excessive 

groundwater withdrawal has been documented in several alluvial valleys where groundwater 

levels have been reportedly lowered by up to about 500 feet. With such large depletions of 

groundwater, the alluvium has undergone consolidation resulting in large areas of land 

subsidence. 

In Arizona, earth fissures are generally associated with land subsidence and pose an on-going 

geologic hazard. Earth fissures generally form near the margins of geomorphic basins where 

significant amounts of groundwater depletion have occurred. Reportedly, earth fissures have 

also formed due to tensional stress caused by differential subsidence of the unconsolidated 

alluvial materials over buried bedrock ridges and irregular bedrock surfaces (Schumann and 

Genualdi, 1986). 

Based on our field reconnaissance and review of the referenced material, there are no known 

earth fissures at the surface of the subject site. Based on fissure maps published by the Arizona 

Geological Survey (AZGS, 2014), the closest reported unconfirmed earth fissures to the site are 

located approximately 16 miles to the northwest. Continued groundwater withdrawal in the area 

may result in subsidence and the formation of new fissures or the extension of existing fissures. 

While the future occurrence of land subsidence and earth fissures cannot accurately be 

predicted, these phenomena are not expected to be a constraint to the construction of this 

project. 

8.2 Faulting and Seismicity 

The site lies within the Sonoran zone, which is a relatively stable tectonic region located in 

southwestern Arizona, southeastern California, southern Nevada, and northern Mexico (Euge et 

al., 1992). This zone is characterized by sparse seismicity and few Quaternary faults. Based on 

our field observations and on our review of readily available published geologic maps and 

literature, there are no known active faults underlying the subject site or adjacent areas. The 

closest known Quaternary fault to the site is the Santa Rita Fault Zone, located approximately 

23.5 miles southeast of the site. The Santa Rita Fault Zone is situated along the western 

piedmont of the Santa Rita Mountains. The fault zone is a series of northeast-striking normal 

faults that dip to the northwest. The most recent movement along this fault was approximately 
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130,000 years ago during the Middle to Late Pleistocene epoch. The slip-rate category of this 

fault is less than 0.2 millimeters per year (Pearthree, 1998). Seismic parameters recommended 

for the design of the proposed improvements are presented in Section 10.2.  

9 CONCLUSIONS 

Based on the results of our subsurface evaluation, laboratory testing, and data analysis, the 

proposed construction is feasible from a geotechnical standpoint, provided the 

recommendations of this report are incorporated into the design of the project, as appropriate. 

Geotechnical considerations include the following: 

 The near-surface soils should generally be excavatable to planned depths using heavy-duty 
earthmoving construction equipment. However, zones of gravel and carbonate cementation 
(caliche) should be anticipated which may result in difficult and/or slower excavation rates.  

 Shallow spread or continuous foundations may be used to support the project’s small 
structures. Shallow spread or continuous foundations or drilled cast-in-place shaft 
foundations may be used to support the project’s pedestrian bridge structure. 

 Shallow spread or continuous foundations should bear on a zone of engineered fill. 

 Drilled cast-in-place shaft excavation holes may not stay stable in near-surface, relatively 
low cohesion soils encountered in our borings. The contractor should anticipate using cased 
excavations and/or drilling fluids to stabilize the drilled shaft excavation holes. In addition, 
the shaft installing contractor should be aware of possible gravel, caliche cementation 
filaments and pockets of very dense gravel/cobble/boulder deposits 

 Soils of variable relative densities encountered near the ground surface in our borings are 
sensitive to moisture content fluctuations. 

 Imported soils and soils generated from on-site excavation activities that exhibit a relatively 
low plasticity index (PI) can generally be used for engineered fill. Many of the near-surface 
on-site soils will meet these requirements. 

 Groundwater was not observed in our borings. Based on ADWR well data, the regional 
groundwater table has been historically measured at depths on the order of 30 feet bgs. In 
general, groundwater is not expected to be a constraint to the design and construction of 
this project.  

 No documented geologic hazards are present underlying or immediately adjacent to the site.  

 Corrosivity test results indicate that on-site soils may be corrosive to ferrous materials and 
the sulfate content of the soils presents a negligible sulfate exposure to concrete. 
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10 RECOMMENDATIONS 

The following sections present our geotechnical recommendations for the project design and 

construction. If the proposed construction is changed from that discussed in this report,  

Ninyo & Moore should be contacted for additional recommendations. 

10.1 Earthwork 

The following sections provide our earthwork recommendations for this project. In general, the 

earthwork specifications contained in the Pima Association of Governments (PAG) Standard 

Specifications for Public Improvements (Standard Specifications) are expected to apply unless 

specifically noted. 

10.1.1 Site Preparation 

Construction areas should be cleared of deleterious materials, if any are present, 

construction debris, vegetation, and any other material that might interfere with the 

performance or progress of the work. These materials should be disposed of at a legal 

dumpsite. Existing features that call for relocation or removal and extend below finish 

grade, if present, should be removed, and the resulting excavations backfilled with 

compacted engineered fill as discussed in this report.  

10.1.2 Excavations 

Our evaluation of the excavation characteristics of the on-site soils is based on the results 

of our exploratory borings, site observations, and experience with similar soils. The site 

near-surface soils can generally be excavated or ripped using heavy-duty earthmoving or 

excavation equipment. However, zones of gravel and caliche cementation should be 

anticipated, which may be more difficult to excavate and/or slow the excavation rate. The 

contractor should be prepared for such conditions. 

For drilled shafts, the excavation holes may not stay stable in the near-surface, relatively 

low cohesion soils encountered in our borings. The contractor should anticipate using 

cased excavations and/or drilling fluids to stabilize the drilled shaft excavation holes. 

Sidewalls for temporary excavations (utility trenches) should not be anticipated to stand 

near-vertical without sloughing. Therefore, the contractor should provide safely sloped 

excavations or an adequately constructed and braced shoring system, in compliance with 

Occupational Safety and Health Administration (OSHA) regulations, for employees working 

in an excavation that may expose them to the danger of moving ground. For planning 
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purposes and according to OSHA soil classifications, a "Type C" soil should be considered 

for this project. This corresponds to a temporary slope inclination no steeper than 1.5:1 

(horizontal to vertical [H:V]). During excavation, soil classification and excavation 

performance should be evaluated in the field by Ninyo & Moore in accordance with the 

OSHA regulations. 

10.1.3 Fill Materials and Reuse of On-site Soils 

On-site and imported soils that exhibit relatively low plasticity indices and very low to low 

expansive potential are generally suitable for re-use as engineered fill. Relatively low 

plasticity indices are defined as a PI value of 15, or less, as evaluated by ASTM D 4318. 

Very low to low expansive potential soils are defined as having an Expansion Index 

(evaluated in accordance with ASTM D 4829) of 50 or less. Based on laboratory test 

results, the near-surface on-site soils are characterized by PI values of 7 to 13. We 

anticipate that many of the near-surface on-site soils will be suitable for re-use as general 

engineered fill during construction. The Contractor should perform additional testing prior to 

or during construction to better delineate the soil conditions at the site. 

In addition, clay lumps, construction debris and rock particles should not be larger than  

4 inches in dimension. In addition, we recommend that the soils in the upper 6 inches be 

not used as engineered fill under foundations. This material should be disposed of off-site 

or in non-structural areas.  

Engineered fill materials in contact with ferrous metals should also have low corrosion 

potential (minimum resistivity more than 2,000 ohm-cm, chloride content less than 25 parts 

per million [ppm]). Engineered fill material in contact with concrete should have a soluble 

sulfate content of less than 0.1 percent. 

10.1.4 Subgrade Preparation 

As stated previously, our borings disclosed near-surface fill and alluvial materials generally 

consisting of loose to medium dense clayey sand with variable percentages of gravel. Our 

laboratory test results indicate significant collapse potential of some on-site soils. 

Accordingly, we recommend that the new foundations be supported on a zone of 

engineered fill that extends 3 feet below the bottom of the foundation or 5 feet below 

existing grade, whichever is deeper. The engineered fill should be placed as discussed in 

Section 10.1.5 below. This overexcavation zone should extend a horizontal distance from 

the edge of the new foundation that is equal to the depth of the overexcavation.  
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In addition, we recommend that the new slabs-on-grade, pavements, and flatwork be 

supported on 8 inches of moisture-conditioned and compacted engineered fill. This can be 

achieved by overexcavation or in-place scarification. The fill thickness should be measured 

from the bottom of the aggregate base (AB) layer, where applicable. This subgrade 

improvement should extend laterally 1 foot beyond the slab footprint. 

After the overexcavation described above is finished and prior to the placement of 

engineered fill, exposed surfaces from excavations should be carefully evaluated by  

Ninyo & Moore for the presence of soft, loose, or wet soils that were not removed as part of 

the improvement process. This evaluation should consist of probing and visual observation 

of the excavation bottom. Based on this evaluation, additional remediation may be needed. 

This could include further scarification of the exposed surface. This additional remediation, 

if needed, should be addressed by the geotechnical consultant during the earthwork 

operations. 

10.1.5 Engineered Fill Placement and Compaction 

Engineered fill soils should be moisture-conditioned within the moisture range shown below 

in Table 2 and mechanically compacted to the percent compaction shown. Engineered fill 

should generally be placed in 8-inch-thick loose lifts such that each lift is firm and  

non-yielding under the weight of construction equipment. 

Table 2 – Compaction Recommendations 

Engineered Fill Description 
Percent Compaction 

 per ASTM D698 
Moisture Content 

Below footings, slabs-on-grade, 
pavements, and flatwork 

95 percent 
0 to +3 percent of 

optimum 

Aggregate Base (AB) 100 percent ±2 percent of optimum 

Trench Backfill – within 2 feet 
below pavements 

100 percent ±2 percent of optimum 

Trench Backfill – deeper than 2 
feet below pavement 

95 percent ±2 percent of optimum 

Pipe Bedding/Pipe Zone 95 percent ±2 percent of optimum 

An earthwork (shrinkage) factor of 10 to 20 percent is estimated. This shrinkage factor 

range represents an average of the material tested and assumes that materials excavated 

from the site will be placed as fill. Potential bidders should consider this in preparing 

estimates and should review the available data to make their own conclusions regarding 

excavation conditions.  
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10.1.6 Pipe Bedding 

We recommend that new pipelines be supported on 6 inches or more of graded granular 

bedding material meeting the Standard Specifications. This bedding/pipe-zone backfill 

should extend 1 foot above the pipe crown. Care should be taken not to allow voids to form 

beneath the pipe (i.e., the pipe haunches should be continuously supported) to avoid 

damaging the pipeline. This may involve fill placement by hand or small compaction 

equipment. When backfilling, care should be taken to fill voids with compacted material so 

that excessive settlement of the backfill will not occur.  

The bedding/pipe-zone should be placed in lifts of approximately 8 inches in loose 

thickness and compacted as detailed in Section 10.1.5 above. 

10.1.7 Trench Backfill 

Trench backfill should be mechanically compacted as discussed in Section 10.1.5 above. 

Lift thickness for backfill will be dependent upon the type of compaction equipment utilized, 

but should generally be placed in lifts not exceeding 8 inches in loose thickness. Special 

care should be exercised to avoid damaging the pipe or other structures during the 

compaction of the backfill. In addition, the underside (or haunches) of the buried pipe 

should be supported on a well-graded, compacted bedding material. This area may need 

placement by hand or small-scale compaction equipment. 

If the utility is to be installed near or beneath the foundation of an existing structure or utility, 

the existing structure or utility should be supported or underpinned to reduce construction-

related damage, and, if needed, the proposed pipeline encased in concrete to 

accommodate imposed structural loads. 

10.2 Seismic Design Considerations 

Design of the proposed improvements should be performed in accordance with the 

requirements of the governing jurisdictions and applicable building codes. Table 3 presents the 

seismic design parameters for the site in accordance with International Building Code (IBC) 

guidelines and adjusted maximum considered earthquake (MCE) spectral response 

acceleration parameters evaluated using the California’s Office of Statewide Health Planning 

and Development (OSHPD) Seismic Design Maps (web based).  
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Table 3 – International Building Code Seismic Design Criteria 

Site Coefficients and Spectral Response Acceleration Parameters Values 

Site Class D 

Site Coefficient, Fa 1.584 

Site Coefficient, Fv 2.4 

Mapped Spectral Response Acceleration at 0.2-second Period, Ss  0.270 g 

Mapped Spectral Response Acceleration at 1.0-second Period, S1 0.083 g 

Spectral Response Acceleration at 0.2-second Period Adjusted for Site Class, 
SMS 

0.428 g 

Spectral Response Acceleration at 1.0-second Period Adjusted for Site Class, 
SM1 

0.200 g 

Design Spectral Response Acceleration at 0.2-second Period, SDS 0.286 g 

Design Spectral Response Acceleration at 1.0-second Period, SD1 0.133 g 

10.3 Foundations 

Based upon our review of field exploration and laboratory test results, we are providing 

recommendations for shallow spread or continuous foundations for the pedestrian bridge and 

other small structures, and, as an alternative, drilled shaft foundations for the bridge structure 

abutments.  

The geotechnical recommendations presented below are based on the following assumptions: 

 Footings are constructed at a depth of 18 inches or more below finished grade of the 
adjacent area; 

 Footings are placed on engineered fill in accordance with recommendations presented in 
Section 10.1.4; and 

 Scour is not a design concern for the bridge footings and a 12-foot design scour is 
accounted for the drilled shafts. 

10.3.1 Shallow Foundations 

Shallow foundations (spread or continuous footings) may be designed using the allowable 

net bearing pressure of 2,000 pounds per square foot (psf) for static conditions. The 

allowable soil bearing pressure may be increased by one-third when considering total loads 

including loads of short duration such as wind or seismic forces.  

Total and differential settlement of 1-inch and 1/2-inch over a horizontal distance of 30 feet, 

respectively, may occur. These settlement estimates are based on the estimated loading 

conditions, the available soil boring information, and our experience with similar soils. 
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These settlements are contingent on the preparation of soils underlying the footings in 

accordance with the recommendations contained in Section 10.1.4 and 10.1.5 of this 

report. 

Foundations bearing on engineered fill and subject to lateral loadings may be designed 

using an ultimate coefficient of friction of 0.35 (total frictional resistance equals the 

coefficient of friction multiplied by the dead load). An ultimate passive resistance value of 

360 psf per foot of depth may be used up to a value of 3,600 psf. The ultimate lateral 

resistance can be taken as the sum of the frictional resistance and passive resistance, 

provided that the passive resistance does not exceed one-half of the total allowable 

resistance. The passive resistance may be increased by one-third when considering loads 

of short duration such as wind or seismic forces. The foundations should preferably be 

proportioned such that the resultant force from lateral loadings falls within its kern (i.e., 

middle one-third). 

10.3.2 Drilled Shaft Foundations 

Drilled shafts are proposed as an alternative foundation type for the pedestrian bridge 

structure. Drilled shafts are commonly used in Arizona, and there are a number of qualified 

contractors with local experience. Based on our discussions with some local drillers and 

previous construction history within the project area, we recommend that the drilled shafts 

be of 4-foot diameter or larger. We recommend that the drilled shafts be constructed and 

installed according to PAG Standard Specification 609 and the recommendations outlined in 

this report. 

Drilled Shaft Axial Capacities 

Axial drilled shaft capacities were calculated using side friction resistance and end bearing 

resistance in accordance with the methods outlined in AASHTO LRFD Bridge Design 

Specifications (8th Edition - 2017), Section 10.8. We have assumed that the bridge 

supports will be constructed at or slightly below existing grades. In addition, based on 

information obtained from the project design team, we understand that the design scour will 

on the order of 12 feet below the bottom of the wash. We recommend that the shaft tips 

extend to elevation 2,316 ft MSL or deeper. The idealized soil profile is presented in  

Table 4. 
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Table 4 - Idealized Soil Profile 

Approximate 
Depth bgs 

(ft)1 

Soil Type 
Effective 

Unit Weight 
(pcf) 

Average 
N60 

(Blows/ft)
2 Density 

Soil 
Classification 

0 - 8 
Medium Dense to 

Very Dense 
Silty Sand and 
Clayey Sand  

110 14 

8 - 30 
Dense to Very 

Dense 
Silty Sand and 
Clayey Sand 

110 68 

Below 30 Very Dense Clayey Sand 115 75 

Note: 
1. Approximate depth bgs 0 corresponds to approximate elevation 2,346 ft.  
2. N60 is energy-corrected Standard Penetration Test N-value. 

Drilled shaft Factored Nominal Axial Resistance Charts (Strength Limit State) are presented 

on Figure 3. These charts are for a redundant shaft in a group spaced with center-to-center 

spacing of 4 diameters or more. In accordance with AASHTO (2017) Section 10.8, Table 

10.8.3.6.3-1 drilled shafts in a single row group may be considered to act individually when 

the center-to-center (CTC) spacing is more than 3 diameters. For a drilled shaft in a group 

with center-to-center spacing of 2D (where D is the diameter of the shaft in question), the 

strength limit resistances should be reduced by multiplying the strength limit chart capacity 

by an efficiency factor, η = 0.90. This reduction factor should linearly increase until a 

spacing of 3B is achieved, at which point the reduction factor is not applied (η = 1.0). For 

intermediate spacing, the reduction factor may be evaluated by linear interpolation. 

For a single, non-redundant drilled shaft foundation (such as a single shaft supporting a 

bridge abutment), the strength limit chart resistances should be reduced by 20 percent to 

account for a reduction in resistance factors for this case. Similarly, for a group of five or 

more shafts, the strength limit chart resistances may be increased by 20 percent to account 

for an increase in resistance factors due to increased redundancy. 

Service Limit Downward Axial Resistance Charts for drilled shafts are attached for selected 

values of settlement at the top of the drilled shaft (Figures 4A through 4F). These charts are 

for the case of a single shaft and are also applicable for a shaft in a group consisting of a 

single row of shafts. The charts were prepared using methods found in O’Neill and Reese 

(1999) using normalized load-transfer vs. settlement curves. For our analyses, we included 

the effects of elastic shortening of the shaft due to the axial loads. When using the charts, 

the weight of the shaft does not need to be accounted for. 
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Recommended Soil Parameters for Lateral Load Analysis 

We understand that lateral load analysis of drilled shafts will be performed by others. The 

recommended soil parameters to be used for lateral load analysis of drilled shafts using 

computer program LPILE are included in Table 5 below.  

Table 5 – Soil Parameters for Lateral Load Analysis 

Average 
Depth 

(ft) 

Soil Type to be 
used in Lateral 
Load Analysis 

Effective 
Unit 

Weight 
(pcf) 

Cohesion 
(psf) 

Strain

50 

Angle of 
Internal 

Friction () 
(degrees) 

k 

(lb/in
3) 

0 - 8 
Medium Dense to 
Very Dense Sand 

(Reese) 
110 0 - 31 60 

8 - 30 
Dense to Very 
Dense Sand 

(Reese) 
110 0 - 35 150 

Below 
30 

Very Dense Sand 
(Reese) 

115 0 - 38 225 

For lateral loading, piles in a group may be considered to act individually when the center-

to-center spacing is more than 5B (where, B is the diameter of the pile) in the direction 

normal to loading and more than 8B in the direction parallel to loading. The following table 

presents the lateral load group reduction factors to be applied for various pile spacing for in-

line loading. 

Table 6 – Lateral Load Group Reduction Factors 

Center-to-Center Pile 
Spacing for In-Line 

Loading 

Reduction Factor* 

Row 1 Row 2 Row 3 and higher 

3B 0.80 0.40 0.3 

5B 1.00 0.85 0.7 

Collapse-Susceptible Soils Effect 

Per ADOT’s policy (Geotechnical Design Policy DS-3, Load Resistance Factor Design 

Analysis of Drilled Shafts Subjected to Lateral Loads based on Load and Resistance Factor 

Design Methodology, dated December 1, 2010), the effect of collapse-susceptible soils 

should be included in the lateral analysis to evaluate the potential for sudden and large 

vertical and lateral deformations at some time during the service life of the structure. 

Based on the results of this study and other studies performed by Ninyo &, Moore in the 

general project area, we have estimated the y-multiplier, ym, to be used for the lateral load 
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analysis for this project. We recommend that the ym multiplier of 2.0 be used for the upper 

10 feet of the soils. This multiplier does not account for group effects and consequently, the 

load reduction factors in Table 6 above should be applied as indicated. 

Drilled Shaft Construction Considerations 

Our evaluation of the excavation characteristics of the on-site materials is based on the 

results of our exploratory borings, site observations, and our experience with similar 

materials. In our opinion, excavation of the on-site materials can generally be accomplished 

with heavy-duty equipment. Drilled shaft diameters less than 4 feet are not recommended 

for this project. The contractor should anticipate encountering relatively loose and low-

cohesion deposits at various depths which may cause sloughing and caving of the shaft 

holes. Larger diameter shafts or deeper shafts could be used if this proves to be more 

convenient or if they are needed due to lateral load concerns.  

The drilled shafts should be observed and evaluated to check adequate bearing material 

has been reached and that the bearing surface has been suitably cleaned. This evaluation 

can typically be done from the ground surface. The concrete mix should be designed, 

including aggregate size and slump, so that it satisfies the requirements of Sections 609 

and 1006 of the ADOT Standard Specifications. 

Where possible, the drilled shafts should be constructed in the “dry” (i.e., no more than 2 

inches of water covering the bottom of the shaft excavation). In such cases, the concrete 

may be placed by the free-fall method. This method consists of using a vertical section of 

concrete chute (or other means) to allow the concrete to flow out of the mixing truck in a 

vertical stream of concrete with a relatively small discharge diameter. The stream should be 

diverted to avoid hitting the sides of the drilled shaft and the reinforcing steel, which could 

cause concrete segregation. 

If the drilled shafts are constructed in the “wet,” a tremie pipe connected either to a hopper 

or concrete pump should be used to displace the water in the drilled shaft excavation 

upwards as the concrete is placed. If this method of concrete placement is used,  

Ninyo & Moore should be consulted and the shafts will need to be equipped with special 

casing to house equipment that can be used to evaluate the integrity of the concrete after it 

has been cured. 
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Due to the presence of sandy soils, it may be appropriate to use a temporary casing or the 

slurry method while installing the shafts at some locations. The contractor should be 

prepared to use a temporary full-length casing, if needed. The contractor’s drilling means 

and methods should also anticipate that relatively loose cohesionless soil deposits might be 

encountered at various depths. Consequently, concrete overruns should be anticipated. 

We recommend that the drilled shafts be constructed and foundation concrete mix 

designed according to ADOT Standard Specification 609 and the recommendations 

outlined in this report. In accordance with AASHTO, if the center-to-center spacing of drilled 

shafts is less than 6B, the construction sequence of drilled shaft installation should be 

specified in the contract documents. 

10.4 Slab-On-Grade  

The design of the slab-on-grade is the responsibility of the structural engineer. Placement of the 

reinforcement in the slab is vital for satisfactory performance. The slabs should be underlain by 

4 or more inches of aggregate base material in general accordance with the Standard 

Specifications. We recommend that the slab-on-grade be supported on engineered fill as 

described in Sections 10.1.4 and 10.1.5 of this report.  

The slab-on-grade should either be constructed so that it “floats” independent of the foundations 

or be designed to be structurally connected to the foundations. Fill soils under slabs should be 

maintained in a moist condition until the overlying slab is constructed. Joints should be 

constructed at intervals designed by the structural engineer to help reduce random cracking of 

the slab. 

10.5 Flatwork  

To reduce the potential manifestation of distress to any concrete flatwork due to movement of 

the underlying soil, we recommend that such flatwork (if utilized for this project) be installed with 

crack-control joints at appropriate spacing as designed by the structural engineer. We 

recommend that concrete flatwork be supported on engineered fill as described in Sections 

10.1.4 and 10.1.5 of this report. Positive drainage should be established and maintained 

adjacent to flatwork. We also recommend that a flexible sealant be applied at the joints where 

flatwork abuts building foundations, as well as in control joints that exhibit post-construction 

cracking to reduce the introduction of moisture adjacent to the foundations. The flexible sealant 

should be installed and maintained in accordance with the manufacturer’s recommendations.  
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10.6 Pavements 

The new pavement sections were developed in accordance with the Pima County Roadway 

Design Manual, 2013 Edition with June 2016 updates (Manual). The sections below present our 

main design assumptions and recommended new pavement sections. We recommend that new 

pavements be supported on engineered fill as described in Sections 10.1.4 and 10.1.5 of this 

report. The service life for the new pavement sections presented below is estimated to be on the 

order of 20 years. 

We recommend the following AC structural pavement sections: 

 Parking areas: 2 ½ inches of AC over 4 inches of AB, and 

 Driveways: 3 inches of AC over 6 inches of AB. 

10.7 Corrosion 

The corrosion potential of the on-site materials was analyzed to evaluate its potential effect on 

the foundations and structures. Corrosion potential was evaluated using the results of laboratory 

testing of soil samples obtained during our subsurface evaluation that were considered 

representative of soils at the subject site. 

Laboratory testing consisted of pH, minimum electrical resistivity, and chloride and soluble 

sulfate contents. The pH and minimum electrical resistivity tests were performed in general 

accordance with Arizona Test 236c, while sulfate and chloride tests were performed in 

accordance with Arizona Test 733 and 736, respectively. The results of the corrosivity tests are 

presented in Appendix B. 

The soil pH value of the tested sample was 6.9, which is considered to be acidic. The minimum 

electrical resistivity measured in the laboratory was 870 ohm-cm, which is considered to be 

corrosive to ferrous metals. The chloride content of the sample tested was 53 parts per million 

(ppm), which also represents a corrosive environment to ferrous metals. The soluble sulfate 

content of the soil sample tested was 0.005 percent by weight, which is considered to represent 

negligible sulfate exposure for concrete. 

Based on the laboratory testing mentioned above and given our experience with similar, nearby 

projects, we recommend that special consideration should be given to the use of heavy-gauge, 

corrosion-protected, underground steel pipe or culverts, if any are planned. As an alternative, 

plastic pipe or reinforced concrete pipe could be considered. To minimize corrosion of buried 

metallic utilities, we recommend that topsoil, organic soils, existing fill soils, and mixtures of 
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sand and clay not be placed adjacent to buried metallic utilities. Rather, we suggest that sand or 

gravel be placed around buried metal piping. Also, buried utilities of different metallic 

construction or operating temperatures should be electrically isolated from each other to 

minimize galvanic corrosion problems. In addition, new piping should be electrically isolated 

from old piping, if any, so that the old metal will not increase the corrosion rate of the new metal. 

A corrosion specialist should be consulted for further recommendations. 

10.8 Concrete 

Laboratory chemical tests performed on selected soil samples of on-site soils indicated sulfate 

content of approximately 0.005 percent by weight. Based on American Concrete Institute (ACI), 

the on-site soils should be considered to represent negligible sulfate exposure to concrete. 

We recommend the use of Type II cement for construction of concrete structures at this site. 

Due to potential uncertainties as to the use of reclaimed irrigation water, or topsoil that may 

contain higher sulfate contents, pozzolan or admixtures designed to increase sulfate resistance 

may be considered.  

The concrete should have a water-cementitious materials ratio of no more than 0.50 by weight 

for normal weight aggregate concrete. The structural engineer should select the concrete design 

strength based on the project specific loading conditions. Higher strength concrete may be 

selected for increased durability and resistance to slab curling and shrinkage cracking. 

We recommend that concrete cover over reinforcing steel for foundations be in accordance with 

the recommendations of the structural engineer. The structural engineer should be consulted for 

additional concrete specifications. 

10.9 Site Drainage 

Surface drainage should be provided to divert water away from the structures and off of paved 

surfaces. Surface water should not be permitted to drain toward the structures or to pond 

adjacent to footings or on flatwork or pavement areas. Positive drainage for this project is 

defined as a slope of 2 or more percent for a distance of 5 or more feet away from the 

structures.  

11 PRE-CONSTRUCTION CONFERENCE 

We recommend that a pre-construction conference be held. Representatives of the owner, the 

civil engineer, Ninyo & Moore, and the contractor should be in attendance to discuss the project 
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plans and schedule. Our office should be notified if the project description included herein is 

incorrect or if the project characteristics are significantly changed. 

12 CONSTRUCTION OBSERVATION AND TESTING 

During construction operations, we recommend that Ninyo & Moore perform observation and 

testing services for the project. These services should be performed to evaluate exposed 

subgrade conditions, including the extent and depth of overexcavation, to evaluate the suitability 

of proposed borrow materials for use as fill and to observe placement and test compaction of fill 

soils. Qualified subcontractors utilizing appropriate techniques and construction materials 

should perform construction of the proposed improvements. 

13 LIMITATIONS 

The field evaluation, laboratory testing, and geotechnical analyses presented in this 

geotechnical report have been conducted in general accordance with current practice and the 

standard of care exercised by geotechnical consultants performing similar tasks in the project 

area. No warranty, expressed or implied, is made regarding the conclusions, recommendations, 

and opinions presented in this report. There is no evaluation detailed enough to reveal every 

subsurface condition. Variations may exist and conditions not observed or described in this 

report may be encountered during construction. Uncertainties relative to subsurface conditions 

can be reduced through additional subsurface exploration. Additional subsurface evaluation will 

be performed upon request. Please also note that our evaluation was limited to assessment of 

the geotechnical aspects of the project, and did not include evaluation of structural issues, 

environmental concerns, or the presence of hazardous materials. 

This document is intended to be used only in its entirety. No portion of the document, by itself, is 

designed to completely represent any aspect of the project described herein. Ninyo & Moore 

should be contacted if the reader requires additional information or has questions regarding the 

content, interpretations presented, or completeness of this document. 

This report is intended for design purposes only. It does not provide sufficient data to prepare an 

accurate bid by contractors. It is suggested that the bidders and their geotechnical consultant 

perform an independent evaluation of the subsurface conditions in the project areas. The 

independent evaluations may include, but not be limited to, review of other geotechnical reports 

prepared for the adjacent areas, site reconnaissance, and additional exploration and laboratory 

testing. 
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Our conclusions, recommendations, and opinions are based on an analysis of the observed site 

conditions. If geotechnical conditions different from those described in this report are 

encountered, our office should be notified and additional recommendations, if warranted, will be 

provided upon request. It should be understood that the conditions of a site could change with 

time as a result of natural processes or the activities of man at the subject site or nearby sites. 

In addition, changes to the applicable laws, regulations, codes, and standards of practice may 

occur due to government action or the broadening of knowledge. The findings of this report may, 

therefore, be invalidated over time, in part or in whole, by changes over which Ninyo & Moore 

has no control. 

This report is intended exclusively for use by the client. Any use or reuse of the findings, 

conclusions, and/or recommendations of this report by parties other than the client is 

undertaken at said parties’ sole risk. 
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FIGURE 3

STRENGTH LIMIT DOWNWARD AXIAL RESISTANCE CHART FOR DRILLED SHAFTS
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FIGURE 4A

SERVICE LIMIT DOWNWARD AXIAL RESISTANCE CHART FOR DRILLED SHAFTS
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FIGURE 4B

SERVICE LIMIT DOWNWARD AXIAL RESISTANCE CHART FOR DRILLED SHAFTS
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FIGURE 4C

SERVICE LIMIT DOWNWARD AXIAL RESISTANCE CHART FOR DRILLED SHAFTS
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FIGURE 4D

SERVICE LIMIT DOWNWARD AXIAL RESISTANCE CHART FOR DRILLED SHAFTS
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FIGURE 4E

SERVICE LIMIT DOWNWARD AXIAL RESISTANCE CHART FOR DRILLED SHAFTS
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FIGURE 4F

SERVICE LIMIT DOWNWARD AXIAL RESISTANCE CHART FOR DRILLED SHAFTS
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APPENDIX A 

BORING LOGS 

Field Procedure for the Collection of Disturbed Samples 
Disturbed soil samples were obtained in the field using the following methods. 

Bulk Samples 
Bulk samples of representative earth materials were obtained from the exploratory borings. 
The samples were bagged and transported to the laboratory for testing. 

The Standard Penetration Test (SPT) Sampler 
Disturbed drive samples of earth materials were obtained by means of a Standard 
Penetration Test sampler. The sampler is composed of a split barrel with an external 
diameter of 2 inches and an unlined internal diameter of 1-3/8 inches. The sampler was 
driven into the ground 12 to 18 inches with a 140-pound hammer falling freely from a height 
of 30 inches in general accordance with ASTM D 1586. The blow counts were recorded for 
every 6 inches of penetration; the blow counts reported on the logs are those for the last 12 
inches of penetration. Soil samples were observed and removed from the sampler, bagged, 
sealed and transported to the laboratory for testing. 

Field Procedure for the Collection of Relatively Undisturbed Samples 
Relatively undisturbed soil samples were obtained in the field using the following methods. 

The Modified Split-Barrel Drive Sampler 
The sampler, with an external diameter of 3.0 inches, was lined with 1-inch long, thin brass 
rings with inside diameters of approximately 2.4 inches. The sample barrel was driven into 
the ground with the weight of a hammer or the Kelly bar of the drill rig in general 
accordance with ASTM D 3550. The driving weight was permitted to fall freely. The 
approximate length of the fall, the weight of the hammer or bar, and the number of blows 
per foot of driving are presented on the boring logs as an index to the relative resistance of 
the materials sampled. The samples were removed from the sample barrel in the brass 
rings, sealed, and transported to the laboratory for testing. 
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 ASTM D 2488

 

COARSE- 

SOILS 
more than 

50% retained 
on No. 200 

sieve

GRAVEL 
more than 

50% of 
coarse 
fraction 

retained on 
No. 4 sieve

CLEAN GRAVEL GW well-graded GRAVEL

GP poorly graded GRAVEL

GRAVEL with 
DUAL  

CLASSIFICATIONS  

GW-GM well-graded GRAVEL with silt

GP-GM poorly graded GRAVEL with silt

GW-GC well-graded GRAVEL with clay

GP-GC poorly graded GRAVEL with 

GRAVEL with 
FINES  

more than  

GM silty GRAVEL

GC clayey GRAVEL

GC-GM silty, clayey GRAVEL

 
50% or more 

of coarse 
fraction  
passes  

No. 4 sieve

CLEAN SAND  SW well-graded SAND

SP poorly graded SAND

SAND with  
DUAL 

CLASSIFICATIONS  

SW-SM well-graded SAND with silt

SP-SM poorly graded SAND with silt

SW-SC well-graded SAND with clay

SP-SC poorly graded SAND with clay

SAND with FINES  
more than  

SM silty SAND

SC clayey SAND

SC-SM silty, clayey SAND

SOILS  
50% or  

more passes  
No. 200 sieve

CLAY 
liquid limit  

less than 50%

INORGANIC

CL lean CLAY

ML SILT

CL-ML silty CLAY

ORGANIC
OL (PI > 4) organic CLAY

OL (PI < 4) organic SILT

CLAY 
liquid limit  

50% or more

INORGANIC
CH fat CLAY

MH elastic SILT

ORGANIC
OH (plots on or  
above “A”-line) organic CLAY

OH (plots 
below “A”-line) organic SILT

Highly Organic Soils PT Peat

 
(  

(
 

(  
(

Very Loose < 4 < 8 < 3 <  5

Loose 5 - 10 9 - 21 4 - 7 6 - 14

Medium  
Dense 11 - 30 22 - 63 8 - 20 15 - 42

Dense 31 - 50 64 - 105 21 - 33 43 - 70

Very Dense > 50 > 105 > 33 > 70

-  
(  

(
 

(  
(

Very Soft < 2 < 3 < 1  < 2

Soft 2 - 4 3 - 5 1 - 3 2 - 3

Firm 5 - 8 6 - 10 4 - 5 4 - 6

9 - 15 11 - 20 6 - 10 7 - 13

16 - 30 21 - 39 11 - 20 14 - 26

Hard > 30 > 39 > 20 > 26

0 10

10
7
4

20

30

40

50

60

70

0
20 30 40 50 60 70 80 90 100

CL - ML

Boulders > 12” > 12” Larger than 
basketball-sized

Cobbles 3 - 12” 3 - 12” Fist-sized to 
basketball-sized

Gravel

Coarse 3/4 - 3” 3/4 - 3” Thumb-sized to 

Fine #4 - 3/4” 0.19 - 0.75” Pea-sized to 
thumb-sized

Sand

Coarse #10 - #4 0.079 - 0.19” Rock-salt-sized to 
pea-sized

Medium #40 - #10 0.017 - 0.079” Sugar-sized to 
rock-salt-sized

Fine #200 - #40 0.0029 - 
0.017”

Flour-sized to 
sugar-sized

Fines Passing 
#200 < 0.0029” Flour-sized and 

smaller
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SM ALLUVIUM:
Brown, dry, medium dense, silty SAND; few to little gravel.

Very dense; scattered caliche nodules.
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FIGURE A -1
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DESCRIPTION/INTERPRETATION

DATE DRILLED 12/29/21 BORING NO. B-1

GROUND ELEVATION 2,346'  (MSL) SHEET 1 OF

METHOD OF DRILLING CME-75, 8" Diameter Hollow-Stem Auger (GSI)

DRIVE WEIGHT 140 Lbs. (Automatic) DROP 30"

SAMPLED BY DM LOGGED BY DM REVIEWED BY SDN

3
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SC ALLUVIUM (Conintued):
Light brown, moist, loose, clayey SAND; few to little gravel.

Very dense; partly weakly cemented.
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DESCRIPTION/INTERPRETATION

DATE DRILLED 12/29/21 BORING NO. B-1

GROUND ELEVATION 2,346'  (MSL) SHEET 2 OF

METHOD OF DRILLING CME-75, 8" Diameter Hollow-Stem Auger (GSI)

DRIVE WEIGHT 140 Lbs. (Automatic) DROP 30"

SAMPLED BY DM LOGGED BY DM REVIEWED BY SDN

3
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40

45

50

55

60

50/5"

50/3"

SC Light brown, moist, very dense, clayey SAND; few to little gravel; partly weakly cemented.

Total Depth = 48.8 feet.
Groundwater not encountered during drilling.
Backfilled on 12/29/21 shortly after completion of drilling.

Notes:
Groundwater, though not encountered at the time of drilling, may rise to a higher level due
to seasonal variations in precipitation and several other factors as discussed in the report.

The ground elevation shown above is an estimation only. It is based on our interpretations
of published maps and other documents reviewed for the purposes of this evaluation. It is
not sufficiently accurate for preparing construction bids and design documents.

FIGURE A -3
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DESCRIPTION/INTERPRETATION

DATE DRILLED 12/29/21 BORING NO. B-1

GROUND ELEVATION 2,346'  (MSL) SHEET 3 OF

METHOD OF DRILLING CME-75, 8" Diameter Hollow-Stem Auger (GSI)

DRIVE WEIGHT 140 Lbs. (Automatic) DROP 30"

SAMPLED BY DM LOGGED BY DM REVIEWED BY SDN

3
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ALLUVIUM:
Brown, dry, medium dense, silty clayey SAND; few gravel.

Brown, dry, medium dense, silty SAND.

Very dense; scattered caliche nodules.

Brown, dry, very dense, clayey SAND; scattered caliche nodules.

FIGURE A -4
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DESCRIPTION/INTERPRETATION

DATE DRILLED 12/29/21 BORING NO. B-2

GROUND ELEVATION 2,346'  (MSL) SHEET 1 OF

METHOD OF DRILLING CME-75, 8" Diameter Hollow-Stem Auger (GSI)

DRIVE WEIGHT 140 Lbs. (Automatic) DROP 30"

SAMPLED BY DM LOGGED BY DM REVIEWED BY SDN

3
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SC ALLUVIUM (Continued):
Light brown, moist, very dense, clayey SAND with gravel.

Weakly cemented.

FIGURE A -5
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DESCRIPTION/INTERPRETATION

DATE DRILLED 12/29/21 BORING NO. B-2

GROUND ELEVATION 2,346'  (MSL) SHEET 2 OF

METHOD OF DRILLING CME-75, 8" Diameter Hollow-Stem Auger (GSI)

DRIVE WEIGHT 140 Lbs. (Automatic) DROP 30"

SAMPLED BY DM LOGGED BY DM REVIEWED BY SDN

3
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40
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50

55

60

50/5"

50/5"

SC ALLUVIUM (Continued):
Gray, moist, very dense, clayey SAND with gravel; weakly cemented.

Total Depth = 49.4 feet.
Groundwater not encountered during drilling.
Backfilled on 12/29/21 shortly after completion of drilling.

Notes:
Groundwater, though not encountered at the time of drilling, may rise to a higher level due
to seasonal variations in precipitation and several other factors as discussed in the report.

The ground elevation shown above is an estimation only. It is based on our interpretations
of published maps and other documents reviewed for the purposes of this evaluation. It is
not sufficiently accurate for preparing construction bids and design documents.
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DESCRIPTION/INTERPRETATION

DATE DRILLED 12/29/21 BORING NO. B-2

GROUND ELEVATION 2,346'  (MSL) SHEET 3 OF

METHOD OF DRILLING CME-75, 8" Diameter Hollow-Stem Auger (GSI)

DRIVE WEIGHT 140 Lbs. (Automatic) DROP 30"

SAMPLED BY DM LOGGED BY DM REVIEWED BY SDN

3
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SC ALLUVIUM:
Brown, dry, dense, clayey SAND with gravel; scattered caliche nodules.

Very dense.

Total Depth = 5 feet.
Groundwater not encountered during drilling.
Backfilled on 10/28/21 shortly after completion of drilling.

Notes:
Groundwater, though not encountered at the time of drilling, may rise to a higher level due
to seasonal variations in precipitation and several other factors as discussed in the report.

The ground elevation shown above is an estimation only. It is based on our interpretations
of published maps and other documents reviewed for the purposes of this evaluation. It is
not sufficiently accurate for preparing construction bids and design documents.
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DESCRIPTION/INTERPRETATION

DATE DRILLED 10/28/21 BORING NO. B-3

GROUND ELEVATION 2,350'  (MSL) SHEET 1 OF

METHOD OF DRILLING CME-75, 8" Diameter Hollow-Stem Auger (GSI)

DRIVE WEIGHT 140 Lbs. (Automatic) DROP 30"

SAMPLED BY DM LOGGED BY DM REVIEWED BY SDN

1
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APPENDIX B 

LABORATORY TESTING 

Classification 
Soils were visually and texturally classified in accordance with the Unified Soil Classification 
System (USCS) in general accordance with ASTM D 2488. Soil classifications are indicated on 
the logs of the exploratory borings in Appendix A. 

In-Place Moisture and Density Tests 
The moisture content and dry density of relatively undisturbed samples obtained from the 
exploratory borings were evaluated in general accordance with ASTM D 2937. The test results 
are presented on the logs of the exploratory borings in Appendix A. 

Gradation Analysis 
Gradation analysis tests were performed on selected representative soil samples in general 
accordance with ASTM D 422. The grain-size distribution curves are shown on Figures B-1 
through B-7. These test results were utilized in evaluating the soil classifications in accordance 
with the USCS. 

Atterberg Limits 
Tests were performed on selected representative fine-grained soil samples to evaluate the liquid 
limit, plastic limit, and plasticity index in general accordance with ASTM D 4318. These test 
results were utilized to evaluate the soil classification in accordance with the USCS. The test 
results and classifications are shown on Figure B-8. 

Consolidation Test 
Consolidation test was performed on a selected relatively undisturbed soil sample in general 
accordance with ASTM D 2435. The sample was inundated during testing to represent adverse 
field conditions. The percent of consolidation for each load cycle was recorded as a ratio of the 
amount of vertical compression to the original height of the sample. The results of the test are 
summarized on Figure B-9. 

Soil Corrosivity Tests 
Soil pH, and resistivity tests were performed on representative samples in general accordance 
with Arizona Test Method 236c. The soluble sulfate and chloride content of the samples were 
evaluated in general accordance with Arizona Test Method 733 and Arizona Test Method 736, 
respectively. The test results are presented on Figure B-10. 
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          Coarse           Fine       Coarse      Medium SILT CLAY

      3"   2" 3/4" 4 10 30 50

PERFORMED IN GENERAL ACCORDANCE WITH ASTM C136 / D422
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1 PERFORMED IN GENERAL ACCORDANCE WITH ARIZONA TEST METHOD 236c
2 PERFORMED IN GENERAL ACCORDANCE WITH ARIZONA TEST METHOD 733
3 PERFORMED IN GENERAL ACCORDANCE WITH ARIZONA TEST METHOD 736
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