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1. INTRODUCTION 

In accordance with the Agreement for Services dated July 20, 2006 and June 27, 2007, we have 

performed a geotechnical evaluation for proposed storm drain improvements along Hermosa 

Vista Drive, Hawes Road, and McDowell Road in Mesa, Arizona. The project also includes the 

construction of a detention basin at the northeast corner of the intersection of Hawes Road and 

Culver Street. The purpose of our evaluation was to observe existing subsurface conditions along 

the project alignment and to formulate recommendations relative to the design and construction 

of the planned improvements. 

2. SCOPE O F  SERVICES 

The scope of our services for the project generally included: 

Reviewing readily available geotechnical reports, geologic maps, as-built data, and aerial 
photographs. 

Performing a site reconnaissance, obtaining relevant permits, notifying Arizona Blue Stake 
of proposed subsurface work, and coordinating layout of the proposed boring locations with 
utility companies prior to drilling. 

Drilling, logging, and sampling 20 exploratory test borings along the storm drain alignment 
and within the basin, each extending to depths of about 20 feet below the existing ground 
surface (bgs). The boring logs are presented in Appeudix A. 

Performing pavement cores at six locations along Hermosa Vista Drive, Hawes Road, and 
McDowell Road in areas near the proposed storm drain alignment. 

Testing selected soil samples in our laboratory to evaluate in-situ moisture content and dry 
density, grain-size distribution, Atterberg limits, Expansion Index, standard Proctor mois- 
ture-density relationships, corrosion characteristics (including pH, minimum electrical 
resistivity, soluble sulfates, and chlorides), and R-value. The results of the laboratory testing 
are presented on the logs in Appendix A and/or in Appendix B. 

Performing agronomic soil testing to assist in the landscaping of the detention basin. The 
results of the agronomic soil testing are presented in Appendix C. 

Excavating and logging eight test pits along the storm drain alignment. The test pit logs and 
photographs are included in Appendix D. 
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a Performing seismic refraction surveys at 10 locations along the planned alignment. The re- 
sults of the seismic refraction surveys are presented in Appendix E. 

Preparing this report to present our findings, conclusions, and recommendations regarding 
the design and construction of the planned improvements. 

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. 

3. SITE DESCRIPTION 

The project alignment is located within the southwest quarter of Sections 4,5, and 6 in Township 

1 North, Range 7 East, and Section 33 in Township 2 North, Range 7 East in Mesa, Arizona. The 

alignment extends along Hermosa Vista Drive, from its western boundary, to Hawes Road; then 

along Hawes Road from Hermosa Vista Drive to McDowell Road; then along McDowell Road to 

the east for a distance of approximately 0.5 miles. The general location of the project area is de- 

picted on the Site Location Map (Figure 1). At the time of our evaluation, the site consisted of an 

asphalt paved roadway bordered by residences and undeveloped desert. 

According to the Buckhorn, Arizona-Maricopa Co., 7.5-Minute United States Geological Survey 

(USGS) Topographic Quadrangle Map, (1982), the ground surface elevations along McDowell 

Road range from roughly 1,820 feet above mean sea level (MSL) at the eastern end to roughly 

1,660 feet MSL at the western end. Based on the information obtained from this map, the topog- 

raphy in the project vicinity slopes from the northeast down to the southwest. 

Three aerial photographs were reviewed for this project. A 1937 Flood Control District of Mari- 

copa County (FCDMC) aerial photograph depicted the project site as undeveloped desert land 

cross cut by many northeast-southwest trending drainages. A 1996 FCDMC aerial photograph 

depicted Hermosa Vista Drive as a graded roadway with undeveloped desert land and scattered 

residential buildings adjacent to it. Hawes Road was depicted as an asphalt concrete paved road- 

way south of Hermosa Vista Drive and a graded roadway north. McDowell Road was depicted as 
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an asphalt concrete paved roadway. A 2006 FCDMC aerial photograph depicted each of the 

roadways as asphalt concrete paved, with an increase in residential development surrounding the 

roadways. 

4. PROJECT DESCRIPTION 

The proposed improvements associated with this project include the design of a new stomwater 

collection system. Stormwater from an existing private drainage basin at 9oth Street and McDow- 

ell will outlet into a new storm drain system. The new system will convey flows west along 

McDowell Road, south along Hawes Road, and west along Hermosa Vista Drive to the ontfall at 

the Flood Retarding Structure (FRS). High flows will be diverted into a new detention basin at 

Hawes Road and Culver Street. The offline basin will be designed to accept and discharge flows 

from and into the new system. 

The new detention basin will occupy approximately 410,000 square feet. The base elevation will 

be approximately 20 to 25 feet lower than the surrounding ground surface elevations. The basin 

will collect sheet flows from the northeast portion of the site and high flows from the new storm 

drain system via a splitter box, prior to discharging into the new system via a bleed off pipe. We 

understand that approximate 10:l slopes are planned and that fill will be needed along the 

southwest portion of the site. 

We have assumed that the conveyance pipe will be placed below other existing utilities and in- 

vert elevations will be up to approximately 20 feet bgs. It is our understanding that reinforced 

concrete pipe (RCP) will be used for the stormwater lines and will be installed using cut-and- 

cover techniques. According to the proposed design concept, various pipe diameters are planned 

along various sections of this storm drain segment ranging from 36 inches at the inlet to 96 

inches at the outfall. We understand that Controlled Low Strength Material (CLSM) will be used 

as backfill from the invert elevation to the spring line of the pipe. 
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5. FIELD EXPLORATION AND LABORATORY TESTING 

Ninyo & Moore conducted an initial subsurface exploration between January 31 and February 

23, 2007, which consisted of the drilling, logging, and sampling of 20 small-diameter borings at 

the approximate locations shown on the Exploration Location Map (Figure 2). The borings were 

drilled using a CME-75 truck-mounted drill rig equipped with hollow-stem augers. The borings, 

denoted as B-1 through B-20, were drilled to depths of approximately 20 feet bgs. Bulk and rela- 

tively undisturbed soil samples were collected at selected intervals. Detailed descriptions of the 

soils encountered at each boring location are presented on the boring logs in Appendix A. The 

pavement section was cored at six locations to measure the thickness of the asphaltic concrete 

(AC) and the underlying aggregate base (AB). It should be noted that at the time of our observa- 

tions, paving work was being performed along portions of Hermosa Vista Drive, and an 

underground utility was being installed along Hawes Road. The approximate locations of the 

borings are shown on Figure 2. 

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

fication 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, the Standard Penetration Test and bulk samples were sealed in plastic bags to retain 

their approximate in-place moisture. 

The soil samples collected from our field activities were transported to the Ninyo & Moore labo- 

ratory in Phoenix, Arizona for geotechnical laboratory analysis. The laboratory testing included 

evaluation of the in-situ moisture content and dry density, grain-size distribution, Atterberg lim- 

its, expansion index, standard proctor moisture-density relationships, corrosion characteristics 

(including pH, minimum electrical resistivity, soluble sulfates, and chlorides), and R-value. The 

results of the laboratory tests are presented on the logs in Appendix A and/or in Appendix B. Ag- 

ronomic soil testing was performed on selected samples of the basin soils by Fruit Growers 

Laboratory of Santa Paula, CA, and the test results are presented in Appendix C. 
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Ninyo & Moore conducted additional subsurface exploration on June 27,2007, which consisted 

of the excavating and logging of eight test pits at the approximate locations shown on the Explo- 

ration Location Map (Figure 2). The test pits were excavated using a rubber-tired Case 580 Super 

L backhoe with an approximate 2-foot wide bucket. The test pits, denoted as TP-1 through TP-8, 

were excavated to depths of approximately 1.5 to 10 feet bgs. Detailed descriptions of the soils 

encountered at each test pit location, along with photographs of the test pits and spoil piles, are 

presented on the boring logs in Appendix D. 

Ninyo & Moore also performed seismic refraction surveys for this project. The surveys were per- 

formed on June 26 and 27,2007, to provide an indirect evaluation of the approximate rippability 

characteristics of the site soils at 10 locations along the proposed alignment. A SmartSeis S12 

seismograph and 12 geophones were utilized to collect generalized and approximate velocities of 

seismic waves transmitted through subsurface soils. Correlations between the seismic wave ve- 

locities and excavatability, and additional discussion on the seismic refraction surveys are 

provided in Appendix E. The approximate locations of the surveys are also shown on Figure 2. 

6 .  GEOLOGY AND SUBSURFACE CONDITIONS 

The geology and subsurface conditions at the site are described in the following sections. 

6.1. Geologic Setting 

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

ographic 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 10 to 18 million years 

ago during the mid- to late-Tertiary age. Extensional tectonics resulted in thc formation of 

horsts (mountains) and grabens (basins) with vertical displacement along high-angle normal 
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faults. Intermittent volcanic activity also occurred during this time. The surrounding basins 

filled with alluvium from the erosion of the surrounding mountains, as well as from deposi- 

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

near the mountains. 

The surficial geology of the site is comprised of 3 units. These units consist of late Pleisto- 

cene (10,000 to 250,000 years) alluvial fan and terrace deposits, a combination of late 

Pleistocene and Holocene deposits (< 250,000 years), and middle Pleistocene (250,000 to 

750,000 years) alluvial fan and terrace deposits. Particle sizes in the late Pleistocene deposits 

range from sand to cobbles and boulders. These soils have moderate soil development with 

argillic horizons and calcic horizons (stage I to 111). The second unit is a combination of both 

late Pleistocene and Holocene alluvial deposits. This unit has a variety of young and older 

soils with grain sizes ranging from silt to boulders. The middle Pleistocene deposits consist 

of particle sizes ranging from sand to boulders, fining downstream. These deposits have 

strong soil development characterized by argillic horizons and calcic horizons (stage I1 to 

IV) (Pearthree and Huckleberry, 1994). Descriptions of the soils encountered during our 

evaluation are presented in the following section. 

6.2. Subsurface Conditions 

Our knowledge of the subsurface conditions at the project site is based on our field explora- 

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

following sections provide a generalized description of the materials encountered. More de- 

tailed descriptions are presented on the boring logs in Appendix A. 

6.2.1. Asphalt Concrete over Aggregate Base 

AC over AB material was observed in six of our borings. The AC thickness varied from 

approximately 3 to 6 inches and the thickness of the AB material varied from approxi- 

mately 3 to 12 inches at our boring locations. 
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6.2.2. Fill 

Fill soils were encountered beneath the pavement section in some of our borings and ex- 

tended to depths ranging from approximately 1 to 4 feet bgs. Fill soils were also 

encountered in some of our test pits and extended to depths ranging from approximately 

2 to 4 feet bgs in our explorations. The fill soils generally consisted of silty sand and 

gravel or clayey sand in our explorations. 

6.2.3. Alluvium 

Alluvium was encountered at the surface of borings B-5, B-10, B-11, and B-18 through 

B-20, and below the pavement and/or fill soils in the other borings. Alluvium was en- 

countered at the surface of test pits TP-4, TP-7, and TP-8, and below the fill soils in the 

other test pits. The alluvium extended to the total depth explored. This material gener- 

ally consisted of silty or clayey sand with varying amounts of gravel in our borings and 

test pits. Scattered caliche filaments and weakly to strongly cemented soils were ob- 

served within the alluvium in our borings and test pits. Soil density generally increased 

with depth in the alluvium we observed. Although not observed in our borings or test 

pits, cobbles andlor possible boulders could exist within this alluvium deposit. 

It should be noted that although our borings were able to be advanced to depths of ap- 

proximately 20 feet bgs, excavation of the test pits encountered backhoe refusal on very 

dense and/or cemented soils at depths ranging from approximately 1.5 to 5 feet bgs. 

6.3. Groundwater 

Groundwater was not encountered in our borings. Based on well data from the Arizona De- 

partment of Water Resources (2006), the approximate depth to groundwater has been 

estimated to be as shallow as 200 feet bgs. In general, groundwater does not need to be con- 

sidered for the design and the construction of the project. However, groundwater levels can 

fluctuate due to seasonal variations, irrigation, groundwater withdrawal or injection, and 

other factors. 
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7. GEOLOGIC HAZARDS 

The following sections describe potential geologic hazards at the site, including land subsidence 

and earth fissures, faulting and seismicity, and liquefaction. 

7.1. Land Subsidence and Earth Fissures 

Groundwater depletion due to groundwater pumping has resulted in 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, exces- 

sive groundwater withdrawal has been documented in several alluvial valleys where 

groundwater levels have been reportedly lowered by up to 500 feet. With such large deple- 

tions 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 fis- 

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

unconsolidated alluvial materials over buried bedrock ridges, irregular bedrock surfaces, and 

facies changes within the unconsolidated alluvial material (Schumann and Genualdi, 1986). 

Based on our field reconnaissance and review of the referenced material, there is active land 

subsidence within the project limits, and there are documented earth fissures less than one 

mile south of Hermosa Vista Drive. While the future occurrence of land subsidence and 

earth fissures cannot accurately be predicted, continued groundwater withdrawal in the area 

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

sures. Continued subsidence may change the storm drain grade and may cause some areas of 

pipe failure. Due to the depth and extent of the mechanics involved in subsidence and fissure 

activity, it is generally understood that even quality design and construction may not entirely 

eliminate future damage if subsidence and fissuring continue. 
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7.2. 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, review of pertinent geologic data, and analysis of ae- 

rial photographs, faults are not located on or adjacent to the project. The closest fault to the 

site is the Sugarloaf fault, located approximately 18 miles to the northeast of the site 

(Pearthree, 1998). Up to 5 meters of displacement has occurred along this fault within upper 

and uppermost Pleistocene deposits, but middle Holocene deposits are not displaced. 

Based on a Probabilistic Seismic Hazard Assessment for the Western United States, issued 

by the USGS (1999), the site is located in a zone where the peak ground accelerations that 

have a 10 percent, 5 percent, and 2 percent probability of being exceeded in 50 years are 

0.05g, 0.07g, and O.llg, respectively. Due to the relatively low ground motions, seismic 

hazards (e.g., liquefaction, ground shaking, etc.) are considered to be negligible. Seismic de- 

sign parameters according to the 2003 International Building Code (IBC) are presented in 

the following table. 

Table 1 - Seismic Design Parameters 

8. CONCLUSIONS 

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

opinion that the proposed construction is feasible from a geotechnical standpoint, provided that 

the recommendations of this report are incorporated into design and construction of the proposed 

project, as appropriate. Geotechnical considerations include the foIlowing: 

Parameter 

Site Class Definition 
Site Coefficient F, 

Site Coefficient F, 

Value 

C 

1.2 

1.7 

2003 IBC Reference 

Table 1615.1.1 
Table 1615.1.2 (1) 

Table 1615.1.2 (2) 
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Some of our borings and test pits exposed strata with strong caliche cementation. It should 
be anticipated that these on-site soils will be difficult to excavate and may call for special- 
ized excavation equipment and techniques (e.g., hoe-ram, rock saw, etc.). 

Although cemented soils were encountered along the proposed alignment, due to interbed- 
ded layers of uncemented sandy material, the vibrations that will exist near open trenches 
(due to the adjacent roadway and construction activity), and the potential consequence of 
slope instability (road closure, structural damage), an Occupational Safety and Health Ad- 
ministration (OSHA) soil-type "B" should be used for planning excavation side slopes. Due 
to the diameter of the pipe, and according to OSHA requirements, shoring will probably be 
needed during construction. 

We estimate an earthwork (shrinkage) factor of 5 to 15 percent for this project. 

Soils generated from on-site excavation activities that exhibit a very low to low expansion 
potential can generally be used as engineered fill. Many of the on-site soils that we observed 
will meet this criterion. Cobbles and soil particles larger than 3 inches should not be used as 
backfill material unless appropriately processed. 

Groundwater was not observed in our borings. The approximate depth to regional ground- 
water in the area, on average, has been estimated to be as shallow as 200 feet bgs. In 
general, groundwater is not anticipated to be a design or construction consideration. How- 
ever, groundwater levels can fluctuate due to seasonal factors. 

No known or documented geologic hazards are present underlying or immediately adjacent 
to the site. However, there are documented subsidence-related earth fissures less than one 
mile south of the site. 

Corrosivity test results indicate that subgrade soils at the site may be corrosive to ferrous 
metals, and the sulfate content of the soils present a negligible sulfate exposure to concrete. 

9. RECOMMENDATIONS 

Based on our understanding of the project, the following recommendations are provided for the 

design and construction of the proposed storm drain and basin. If the proposed construction is 

changed from that discussed in this report, Ninyo & Moore should be contacted for additional 

recommendations. 
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9.1. Storm Drain Considerations 

The following sections provide our recommendations relating to the storm drain construc- 

tion and design. In general, the specifications contained in Maricopa Association of 

Governments (MAG), Uniform Standard SpeciJications and Details for Public Works Con- 

struction (2002) are expected to apply unless noted. 

9.1.1. Site Preparation 

Construction areas should be cleared of unsuitable materials, including grass, weeds, 

asphalt pavement, concrete, old construction debris, and any other material that might 

interfere with the performance or progress of the work. 

Within the limits of clearing and below the ground surface, roots, deleterious, or other 

objectionable material should be removed and disposed of at a legal dumpsite. Obstruc- 

tions that extend below finish grade, if present, should be removed and resulting voids 

filled with compacted soil. 

If the storm drain is to be installed near or beneath the foundation of an existing struc- 

ture or utility, the existing structure or utility should be supported to reduce the potential 

for damage, and, if needed, the drain pipe encased in concrete to accommodate imposed 

structural loads. 

It may be desirable to evaluate structures or features that are very near the planned con- 

struction and to survey or document (e.g., photographs, video, official documentation, 

etc.) their pre-construction condition. The findings of the survey could be used to 

document any damage of existing improvements that might result from this work. For 

other facilities (e.g., structures, homes, etc.), where excavation-induced settlement may 

be a concern, baseline elevations and horizontal control data should be recorded. 
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9.1.2. Excavations 

It is our opinion that the excavation of the surface on-site materials can generally be ac- 

complished to the assumed earthwork depths (up to about 20 feet deep) with heavy 

earthmoving equipment and specialized excavation equipment in good operating condi- 

tion. However, during the excavation operations, there is a potential for encountering 

very strongly cemented soils, including gravel, cobbles, and boulders that could call for 

rock breaking equipment or other aggressive excavation techniques. Contractors should 

make their own evaluations of excavatability and plan means and methods in accor- 

dance with their evaluation, as well as project specifications. Approximate velocities 

from seismic refraction testing are provided in Appendix E. 

Depending on the excavation method used, the proposed excavations may generate 

oversize material (particles larger than 3 inches) that will not be suitable for re-use as 

trench backfill. Screening, disposal, andlor crushing of this material should be antici- 

pated if re-use is considered. 

Excavations in soils with cemented material may tend to have rugged or irregular bot- 

toms or sidewalls. In order to provide more consistent support and grade control to the 

pipe, we recommend that the proposed storm drains be supported on 4 inches or more of 

moisture-conditioned and compacted material such as sand, gravel, or AB, with a parti- 

cle size of 314-inch or less. If gravel or AB is used for bedding material, a 4-inch layer 

of compacted sand should he used as a cushion between the pipe and foundation mate- 

rial. On-site materials with a particle size of 314-inch or less may be considered for pipe 

bedding if appropriately processed, moisture-conditioned, and compacted. Pea gravel or 

crushed chips are not acceptable for use as bedding material. Pipe bedding guidelines 

are presented on Figure 3. 

It may be difficult to place backfill against these ireyllar surfaces. When backfilling, 

care should be taken to fill voids with compacted material so that excessive settlement 

of the backfill will not occur. 
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We anticipate that the soil conditions and stability of the excavation sidewalls will vary 

along the storm drain alignment. Soils with higher fines content andlor significant ce- 

mentation may stand vertically for a short time with little sloughing. However, as the 

soil dries after excavation, or as the excavations are exposed to rainfall or other wetting 

events, sloughing may occur. Soils with low cohesion (e.g., predominately sandy or 

gravelly material), will probably slough or cave during excavation, especially if wet or 

saturated. Additionally, vibrations caused by nearby traffic or construction equipment 

may accelerate sloughing. 

The contractor should provide safely sloped excavations or an adequately constructed 

and braced shoring system, in compliance with OSHA regulations for employees work- 

ing in excavations that may expose them to the danger of moving ground. Reducing the 

inclination of the sidewalls of the excavations, where feasible, may increase the stability 

of the excavations. If construction or earth material is stored or equipment is operated 

near an excavation, flatter slope geometry or stronger shoring should be used during 

construction. 

The OSHA regulations provide trench sloping and shoring design parameters for 

trenches up to 20 feet deep based on the soil types encountered. Trenches over 20 feet 

deep should be designed by the contractor's engineer based on alignment-specific geo- 

technical analyses. Although cemented layers were observed, for planning purposes and 

according to OSHA soil classifications, a "Type B" soil should be considered due to the 

presence of interbedded layers of uncemented soils and the anticipated roadway vibra- 

tions. Trench side walls can be sloped at a ratio of 1.0 horizon (H) to 1.0 vertical (V) for 

"Type B" soil. Upon making the excavations, soil classification and excavation per- 

formance should be evaluated in the field by the geotechnical consultant in accordance 

with the OSHA regulations. 

In general, temporary slopes should be inclined no steeper than 1.0 (H):1.0 (V) to a 

depth of 20 feet below the surface. Due to the diameter of the pipe and MAG specifica- 
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tions, temporary excavations will probably need shoring. Lateral earth pressures rec- 

ommended for braced excavations are presented on Figure 4. The earth pressure values 

in Figure 4 were derived by assuming an internal angle of friction of 34 degrees and an 

average total unit weight of 110 pounds per cubic foot (pcf) for the depth of the excava- 

tion. If construction or earth material is stored or equipment is operated near an 

excavation, flatter slope geometry or stronger shoring should be used during construc- 

tion. Temporary excavations that encounter seepage, if any, should be evaluated on a 

case-by-case basis. Additional considerations regarding dewatering are provided in Sec- 

tion 9.1.3. 

9.1.3. Construction Dewatering 

Generally, we anticipate that significant groundwater will not be encountered along the 

proposed storm drain alignment. However, because the project excavations will be as- 

sociated with existing drainage channels, the trench soils might capture surface water 

and become saturated and unstable. The contractor should divert surface water away 

from the trench or be made responsible for the design, timing, construction, operation, 

maintenance, and removal of a dewatering system(s), if needed. The system should re- 

duce migration and pumping of soil fines with the discharge water. It is anticipated that 

some dewatering can occur by pumping from the trenches or sumps located outside of, 

and below the limits of the main excavation. 

9.1.4. Trench Widths 

The trench width should be the pipe diameter plus 6 inches on each side, but not more 

than 36 inches. In general, trench widths should be in accordance with MAG Section 

601. The trench width should be taken as the clear distance between trench walls or the 

inside face-to-face distance between the ground support systems. 
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9.1.5. Controlled Low Strength Material 

We understand that CLSM will be used for backfill and extend from the pipe invert to 

approximately the pipe's spring line. CLSM consists of a fluid, workable mixture of ag- 

gregate, Portland cement, and water. The use of CLSM has some advantages: 

1. A narrower trench can be used, thereby minimizing the quantity of soil to be exca- 
vated and possibly reducing disturbance to the near-by traffic; 

2. The support given to the pipe is generally better, and higher values of modulus of 
soil reaction (E') can be used to design the pipe; 

3. Because little compaction is needed to place CLSM, there is less risk of damaging 
the pipe; 

4. If native soils are used to formulate the CLSM, less imported material will be 
needed; and 

5. CLSM can be batched to flow into irregularities in the trench bottom and walls. 

The CLSM design mix should be in accordance with the MAG (2004) or Standard 

Specifications for Public Works Construction (American Public Works Association, 

1991) and applicable City of Mesa specifications. The 28-day strength of the material 

should be no less than 50 pounds per square inch (psi) and no more than 120 psi. If on- 

site materials are used for the aggregate mixture, test batches may be needed to observe 

conformity with strength requirements. 

Buoyant or uplift forces on the piping should be considered when using CLSM and pru- 

dent construction techniques may call for multiple pours to avoid inducing excessive 

uplift forces. The construction methods should not allow for the storm drain pipe to dis- 

place laterally or vertically during placement of CLSM. Sufficient time should be 

provided to allow the CLSM to cure before placing additional lifts of CLSM or trench 

backfill. 
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9.1.6. Trench Backfill 

Trench backfill material above the spring line of the storm drain (above the CLSM) 

should be moisture-conditioned to within 2 percent of its laboratory optimum and me- 

chanically compacted to a relative compaction of 95 percent or more as evaluated by 

ASTM D 698. The trench backfill in the upper 2-foot zone (2 feet below pave- 

menffflatwork sections) should also be moisture-conditioned to within 2 percent of its 

laboratory optimum; however, in this zone the material should be mechanically com- 

pacted to a relative compaction of 100 percent or more as evaluated by ASTM D 698. 

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 thick- 

ness. Special care should be exercised to avoid damaging the pipe or other structures 

during the compaction of the backfill. Backfilling should generally be accomplished in 

a manner consistent with the standards provided by MAG (2002) and applicable City of 

Mesa specifications andlor amendments. 

Soils generated from on-site excavation activities (excluding cobbles and large diameter 

particles) or imported soils that exhibit very low to low expansion potential are gener- 

ally suitable for use as engineered fill. Very low to low expansion potential soils are 

defined as having an Expansion Index (by UBC Standard No. 18-2) of 50 or less and a 

Plasticity Index (PI) less than 20. Laboratory tests performed on soil samples obtained 

from our exploratory borings indicated PIS ranging from 0 to 20. Therefore, many of the 

soils encountered along the trench alignments should be suitable for re-use as trench 

backfill, provided oversize material is removed or processed. Additionally, suitable fill 

should not include deleterious or organic material, clay lumps, construction debris, rock 

particles, and other non-soil fill materials larger than 3 inches in diameter. Screening, 

processing, and/or blending of the onsite soils may be needed prior to re-use. The con- 

tent of rock in the backfill more than 1-112 inches in diameter should not exceed 40 

percent by weight. 
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We recommend that additional observation, soil sampling, and possible laboratory test- 

ing be conducted during construction to evaluate the presence of any unsuitable soils 

not encountered in our borings and test pits. Based on our observations and laboratory 

testing, we estimate an earthwork (shrinkage) factor of 5 to 15 percent for the on-site 

soils. 

Imported fill, if utilized, should consist of granular material with a very low or low ex- 

pansion potential. Import material in contact with ferrous metals should preferably have 

low corrosion potential (minimum resistivity more than 2,000 ohm-cm, chloride content 

less than 25 parts per million [ppm]). Import material in contact with concrete should 

have a soluble sulfate content of less than 0.1 percent. The geotechnical consultant 

should evaluate such materials and details of their placement prior to importation. 

9.1.7. Soil Parameters for Pipeline Design 

Based on our field observations, our experience with similar materials, and our labora- 

tory testing, a unit weight of 125 pcf can be estimated for engineered fill derived from 

on-site excavations. If import fill is used for trench backfill, a unit weight of 130 pcf 

may be estimated for use in design. 

The modulus of soil reaction (E') is used to characterize the stiffness of the backfill 

placed on the sides of a buried pipe for the purpose of evaluating deflection caused by 

the weight of the backfill over the pipe. As mentioned previously, CLSM will be used 

and it is our understanding that the depth of cover will range from about 5 feet to 12 

feet. We therefore recommend a general E' value of 1,800 psi. 

The coefficient of friction between the soil and the pipe depends upon the type of each 

material in the interaction. We understand that RCP will be utilized as the storm drain 

pipe. For planning purposes, we suggest a coefficient of friction, p, of 0.30. The manu- 

facturer of the pipe should be consulted for this parameter once the pipe material has 

been chosen. 
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9.1.8. Below Grade Structures 

Footings for below grade structures may be designed using an allowable gross bearing 

pressure of up to 3,000 pounds per square foot (psf) when bearing on dense native soils 

or compacted engineered fill. Total and differential settlement of up to about 112- inch 

and 114- inch, respectively, may occur. A vertical modulus of subgrade reaction, k, of 

150 pounds per cubic inch (pci) may be used for the design of concrete slabs founded 

on dense native soils or compacted engineered fill, as specified herein. 

Below grade structures andlor walls that are not restrained from movement at the top 

and have a level backfill behind the wall may be designed using an "active" equivalent 

fluid unit weight of 35 pcf. This value assumes a drained granular backfill is placed be- 

hind the wall and that compaction within about 5 feet of the wall will be accomplished 

with relatively light compaction equipment. 

Drainage should consist of free-draining granular material and should be accompanied 

by weep holes through the walls or corrugated, perforated pipe placed parallel to the 

wall or abutment bottom, wrapped in a filter fabric, and surrounded by 6 inches of a 

granular filter material. If drainage is not provided, an equivalent fluid earth pressure of 

100 psflfi of wall height should be used for design of the walls. These earth pressures 

are based on the walls being flexible enough to permit the active earth pressure condi- 

tion to be reached. An outward lateral movement of approximately 0.001H (where H is 

the height of the wall) at the top of the wall is generally needed to mobilize the active 

earth pressure condition. Walls should also be designed to resist a surcharge pressure of 

0.30q, where "q" represents the surcharge pressure. 

Structural walls that are restrained from movement at the top and have a level backfill 

behind the wall may be designed using an "at-rest" equivalent fluid unit weight of 55 

pcf and 120 pcf for drained or undrained conditions, respectively. 

For below-grade portions of walls with granular backfill, an equivalent fluid passive 

earth pressure of 300 psflft of wall height can be utilized (triangular pressure distribu- 
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tion) to for lateral resistance. However, since significant movement of the structural 

wall will be needed to mobilize full passive earth pressure, passive pressures should be 

neglected unless analysis indicates that the structure can tolerate this movement, and 

there is certainty that the soil providing the passive restraint will be present. Passive re- 

sistance should be neglected in soils located within the upper 3 feet of the finished 

subgrade. 

Foundations bearing on dense native soils or compacted engineered fill that are subject 

to lateral loadings may be designed using an ultimate coefficient of fiiction of 0.40 (to- 

tal frictional resistance equals the coefficient of fiction multiplied by the dead load). 

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. 

If the walls are partially restrained, the actual lateral earth pressure may be somewhere 

between the active and at-rest pressure conditions. The actual pressure distribution will 

depend on the stiffness of the wall. Precautions should be considered to avoid over- 

stressing walls during backfilling. Temporary bracing of the walls during backfilling 

may be needed to help avoid this problem. 

9.2. Pavement Structural Section 

The following sections present our assumptions and recommendations for the flexible 

pavement sections along the affected reaches of Hermosa Vista Drive, Hawes Road, and 

McDowell Road to be restored following the storm drain installation. It should be noted that 

portions of the storm drain alignment will be within Maricopa County or the City of Mesa 

right of way. For our analysis, we used the Maricopa County Department of Transportation 

(MCDOT) design guidelines for pavement design and compared them to the City of Mesa 

standards and recommended the more conservative design. We assumed that the subgrade 

would be prepared according to the trench zone backfill described in Section 9.1.6. 
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9.2.1. Existing Pavement Section 

During our field exploration activities, Ninyo & Moore advanced six pavement cores to 

evaluate the thickness of the roadway section. Pavement sections observed in our bor- 

i n g ~  are summarized in Table 2 below. It should be noted that at the time of our 

observations, paving work was being performed along portions of Hermosa Vista Drive. 

Table 2 -Observed Pavement Structural Sections 

9.2.2. Pavement Design 

In accordance with the MCDOT Roadway Design Manual, the following design pa- 

rameters were used in evaluating the recommended pavement thicknesses for this 

project. 

9.2.2.1. Traffic Analysis 

The traffic loading information used to conduct the pavement design for the various 

roadways was estimated based on traffic volumes obtained from published MAG 

sources in the vicinity of the proposed project. For our analysis, we assumed a 

growth factor of 5 percent, 5 percent heavy trucks, and Average Daily Traffic 

(ADTs) of 500, 4,000, and 8,000 for Hermosa Vista Drive, Hawes Road, and 

McDowell Road, respectively. Using this information, we calculated an Equivalent 
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I 
Single Axle Load (ESAL) for each roadway for a design life of 20 years. The re- 

I sults are summarized in the table below. 

I 
I 
I 
I 9.2.2.2. Resilient Modulus 

The soils encountered in the borings and test pits typically consisted of sand, silty 

1 sand, and clayey sand. A design R-value of 30 or more is recommended for this 

project based on the methods for calculating the mean R-value outlined in the 

I MCDOT design manual. Using the mean R-value noted above, a resilient modulus 

of 17,875 psi was calculated. 

I 
I 

9.2.2.3. Standard Deviation, Level of Reliability, and Serviceability Index 

Considering the roadway classifications noted above, a standard deviation of 0.45 

I was used for design of flexible pavements. L,evels of reliability, standard normal 

deviations (ZR), and serviceability loss indexes for the various classifications 

I shown below were utilized for design of roadway pavements. 

I 
I 
I 
I 
I 4fBmyrn &@@rnc$@ 

601527001 Rl 21 

Roadway 

Hermosa Vista Drive 

Hawes Road 

McDowell Road 

Classification 

Local 

Major Collector 

Minor Arterial 

*Classifications in accordance with MCDOT Roadway Design Manual and City of Mesa standards. 

ADT 

500 

4,000 

8,000 

Reliability 

80 

90 

95 

ESAL 

185,000 

1,500,000 

2,700,000 

Classification* 

Local 

Major Collector 

Minor Arterial 

ZR Value 

-0.841 

-1.282 

-1.645 

Serviceability Loss Index 

2.0 

2.1 

2.2 
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9.2.2.4. Pavement Design Requirements 

In accordance with the MCDOT procedure for pavement design, and using the 

above parameters, we calculated a structural numbers (SN) for design of the pro- 

posed pavement sections to be 1.72, 2.61, and 3.05 for Hermosa Vista Drive, 

Hawes Road, and McDowell Road, respectively. 

9.2.2.5. Recommended Flexible Pavement Section 

Based on the results of our laboratory testing and in general accordance with 

MCDOT procedures, our recommended pavement section for the various roads are 

noted in the table below. The section obtained using the MCDOT procedure was 

compared to the pavement section tabulated in the City of Mesa Standards and the 

more conservative section is recommended in the table below. For the three road- 

ways evaluated, the section tabulated in the City of Mesa Standards was the more 

conservative section. 

Table 3 - Recommended Asphalt Pavement Sections 

Hermosa Vista Drive 

AC Surface Course (A-1 9) 

Hawes Road 

McDowell Road 
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A layered design analysis was performed for each alternative pavement section to 

demonstrate the adequacy of the thickness of the AB and AC layers. The recom- 

mended pavement thickness assumes that the above pavement section is founded 

on compacted soil as outlined in Section 9.1.6. AB material should be compacted to 

a relative compaction of 100 percent of the maximum dry density, as evaluated by 

ASTM D 698, at a moisture content within approximately 2 percent of optimum. 

We recommend that AC used for this project be in accordance with Section 710 of 

the MAG specifications and designated as "arterial." For our analysis of structure 

number values associated with the project, we estimated a structural coefficient of 

0.42 for plant-mix AC pavements and 0.12 for AB material. The AB mentioned 

above should meet Section 702 of the MAG specifications andlor any Maricopa 

County requirements. Furthermore, we suggest a fog coat also be applied to the 

new roadway surface. 

9.3. Concrete Flatwork 

To reduce the potential manifestation of distress to exterior concrete flatwork (such as curbs 

and sidewalks) 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. Additionally, we recommend that concrete flatwork be 

supported on 9 or more inches of adequately moisture-conditioned and compacted fill (in 

accordance with Section 9.1.6 of this report). Positive drainage should be established and 

maintained adjacent to flatwork. 

9.4. Corrosion 

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

on the storm drain pipe and structures. Corrosion potential was evaluated using the results of 

laboratory testing of a near-surface soil sample obtained during our subsurface evaluation 

that was considered representative of soils at the subject site. 
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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 236b, while sulfate and chloride tests were performed in ac- 

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

summarized in the table below and presented in Appendix B. 

Table 4 - Corrosivity Test Results 

The pH results ranged from 7.7 to 8.0, which is considered to be alkaline. The minimum 

electrical resistivity measured for the near-surface samples ranged from 684 ohm-cm to 

4,514 ohm-cm, which represents a corrosive to moderately corrosive environment to ferrous 

metals. The chloride content of the samples tested ranged from 21 to 668, which also may be 

corrosive to ferrous metals. The soluble sulfate content of the soil samples tested ranged 

from 0.001 percent to 0.01 percent, which is considered to represent negligible sulfate expo- 

sure for concrete. 

The results of the laboratory testing indicate that the on-site materials are probably corrosive 

to ferrous metals. Therefore, special consideration should be given to the use of heavy 

gauge, corrosion protected steel for use if there is potential for contact (or close proximity) 

to soil. 
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9.5. Concrete 

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

contents between 0.010 and 0.001 percent by weight. Based on the following IBC table, the 

on-site soils should be considered to have a negligible sulfate exposure to concrete. 

Table 5 - IBC Requirements for Concrete Exposed to Sulfate-Containing Soil 

Notwithstanding, the sulfate test results and due to the limited number of chemical tests per- 

formed, as well as our experience with similar soil conditions and local practice, we 

recommend the use of "Type 11" 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 resis- 

tance may be considered. 

The concrete should have a water-cemcntitious materials ratio no more than 0.45 by weight 

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

strength based on the project specific loading conditions. 
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9.6. Site Drainage 

Surface drainage should be provided to divert water off of paved surfaces. Surface water 

should also not be permitted to pond on or below pavement areas. Positive drainage is de- 

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

pavements. 

9.7. Pre-Construction Conference 

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

civil engineer, the geotechnical consultant, and the contractor should be in attendance to dis- 

cuss the project plans and schedule. Our office should be notified if the project description 

included herein is incorrect or if the project characteristics are significantly changed. 

9.8. Construction Observation and Testing 

During construction operations, we recommend that a qualified geotechnical consultant per- 

form 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 place- 

ment and test compaction of fill soils. If another geotechnical consultant is selected to 

perform observation and testing services for the project, we request that the selected con- 

sultant provide a letter to the owner, with a copy to Ninyo & Moore, indicating that they 

fully understand our recommendations and they are in full agreement with the recommenda- 

tions contained in this report. Qualified subcontractors utilizing appropriate techniques and 

construction materials should perform construction of the proposed improvemcnts. 

10. 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, 
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expressed or implied, is made regarding the conclusions, recommendations, and opinions pre- 

sented 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 addi- 

tional 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 pres- 

ence 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 per- 

form 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. 

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 encoun- 

tered, 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, there- 

fore, be invalidated over time, in part or in whole, by changes over which Ninyo & Moore has no 

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

sions, and/or recommendations of this report by parties other than the client is undertaken at said 

parties' sole risk. 

I 
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NOTE 

* Indicates minimum relative compaction (see report for details). 

Upper zone required for pavement areas only. 

CLSM may be used as beddings or trench backfill. 
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1. APPARENT LATERAL EARTH PRESSURE, Pa 
Pa = 20H pst 

GROUND SURFACE 

D 

2. CONSTRUCTION TRAFFIC INDUCED SURCHARGE PRESSURE, P, 
P, =120psf 

3. PASSIVE LATERAL EARTH PRESSURE, PF 
P, = 2500 psf 

4. ASSUMES GROUNDWATER IS NOT PRESENT 

5. SURCrlARGES FROM EXCAVATED SO,. OR 
CONSTRJCT ON MATERIALS ARE hOT NCLLDED 

I s  
3 

6. HAND D ARE IN FEET 

NOT TO SCALE 

LATERAL EARTH PRESSURES FOR FIGURE 
BRACED EXCAVATIONS 1 PROJECTNO DATE HERMOSAVISTA ORIVEIHAWES ROAD 

STORM DRAIN AND BASIN 
601527001 07/07 MESA ARIZONA 
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Geotechnical Evaluation July 3 1,2007 
Hermosa Vista Drivemawes Road, Storm Drain and Basin Project No. 601527001 
Mesa, Arizona 

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 sampies were bagged and transported to the laboratory for testing. 

The Standard Penetration Test Swoon 
Disturbed drive samples of earth materials were obtained by means of a Standard Penetra- 
tion Test spoon sampler. The sampler is composed of a split barrel with an external diameter 
of 2 inches and an unlined internal diameter of 1-318 inches. The spoon was driven up to 
18 inches into the ground with a 140-pound hammer free-falling from a height of 30 inches 
in general accordance with ASTM D 1586-84. 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 spoon, bagged, sealed, 
and transported to the laboratory for testing. 

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

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 approxi~nately 2.4 inches. The sample barrel was driven into 
the ground with a 140-pound hammer free-falling from a height of 30 inches in general ac- 
cordance with ASTM D 1586-84. The samples were removed from the sample barrel in the 
brass rings, sealed, and transported to the laboratory for testing. 



GRAVELS 
(More than 112 of coarse 

> No. 4 sieve size) 

(More than 112 of coarse 

<No. 4 sieve size) 

SILTS & CLAYS 
Liquid Limit <SO 

SILTS & CLAYS 
Liquid Limit >50 

HIGHLY ORGANIC SOILS 

I G R A I N  SIZE CHART I I PLASTICITY CHART 
-- - 

RANGE OF GRAIN SIZE 

CLASSIFICATION I 
U.S. Slandard 

Sieve Size 

N/nyO&Monre / u . s . c . s .  MeTHoD -7 OF SOIL CLASSIFICATION 

Grain Size in 
Millirnelers 

BOULDERS 

COBBLES 

GRAVEL 
Coarsc 

Fine 

SAND 
Currse 

Medium 
Fine 

SILT & CLAY 

Abavc 12" 

12' to 3" 

3" to No. 4 
3" to 31P 

314" to No 4 

No 4 to No. 200 
No. 4 tu No 10 
No 10 to No 40 
No. 40 to No. 200 

Below No. 200 

Above 305 

305 to 76.2 

76 2 to 4.76 
76.2 to 19 1 
19.1 la476  

4.76 to 0.075 
4.76 to 2.00 
2.00 to 0 420 
0.420 la 0.075 

Below 0.075 





SHEET 1 OF 2 - 

DRIVE WEIGHT 140 lbs. (Automatic) 

Fine sand; few fine gravel; numerous caliche nodules. 

BORING LOG 
HERMOSA VISTA DRIVEHAWS ROAD, STORM DRAIN AND BASIN 

MESA, ARJZONA 

PROJECT NO. DATE FIGURE 

601527001 07107 A- 1 



(I) 
W 
-1 DATE DRILLED 02123107 BORING NO. B-l 
a c 
z z 

GROUND ELEVATION 1,590'f (MSL) SHEET 2 OF 2 

METHOD OF DRILLING CME-75,Y Diameter Hollow-Stern Auger (Enviro-Ddl, Inc.) 

DRIVE WEIGHT 140 Ibs. (Automatic) DROP 30" 

SAMPLED BY DM LOGGED BY DM REVIEWED BY KJT 
DESCRlPTlONllNTERPRETATlON 

20 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. 

25 

30 

35 

-- 

-- 

HERMOSA VISSA DRIVEHAWES ROAD, STORM DRAIN AND BASM 



GROUND ELEVATION 1,608' + (MSL) SHEET I OF 2 

DRIVE WEIGHT 140 Ibs. (Automatic) 

SAMPLED BY WTD 

Light brown; scattered caliche filaments and nodules; weakly to moderately cemented. 

Moderately to strongly cemented. 



(0 

!Y DATE DRILLED 0210 1107 BORING NO. B-2 
a G 

Z 

, 
GROUND ELEVATION 1,608'k (MSL) SHEET 2 OF 2 

- w g 6 a m  
I - METHOD OF DRILLING CMt-75.7' Diameter Hollow-Stem huger (Ennvim-Ddl, Inc) 

# a $ 5  DRIVE WEIGHT 140 Ibs. (Automatic) DROP 30" 
4 o = . g r n  I & 0 0 0 SAMPLED BY WTD LOGGED BY WTD REVIEWED BY KIT 

DESCRlPTlONllNTERPRETATlON 
2u Total Depth = 19.8 feet. 

Groundwater not encountered during drilling. 
Backfilled on 02/01/07 promptly after completion of drilling. 
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. 

25 

30 

35 

- 

- 

HERMOSA VISTA DRIVEflIAWES ROAD, STORM DRAIN AND BASIN 



GROUND ELEVATION 1,622'+ (MSL) SHEET - 1 OF 2 

DRIVE WEIGHT 140 Ibs. (Automatic) 

SAMPLED BY WTD 

Moderately cemented. 

Very dense; strongly cemented. 



(I1 

!? DATE DRILLED 02101107 BORING NO. B-3 
P ii z 

0 
al 

GROUND ELEVATION 1,622'2 (MSL) SHEET 2 OF 2 

$!- 
METHOD OF DRILLING CME-75.7" Diameter Hollow-Stem Auger (Enviro-Drill, inc.) 

DRIVE WEIGHT 140 lbs. (Automatic) DROP 30" 
0 

0 SAMPLED BY WTD LOGGED BY WTD REVIEWED BY KJT 
DESCRlPTlONllNTERPRETATlON 

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. 

-- 

-- 

IERMOSA VISTA DRIVEIHAWES ROAD, STORM DRAIN AND BASIN 
MESA, ARIZONA 



GROUND ELEVATION 1,638' + (MSL) SHEET I OF 2 - 

DRIVE WEIGHT 140 lbs. (Automatic) 

Increase in gravel content. 



In 
? DATE DRILLED 02102107 BORING NO. B-4 
a ii 
a z 

GROUND ELEVATION 1,638'k (MSL) SHEET 2 OF 2 

8 METHOD OF DRILLING CME-75,7" Diameter Hollow-Stern Auger (Enviro-Drill, Inc.) 

DRIVE WEIGHT 140 ibs. (Automatic) DROP 30" 
0 5 . :  & o 0 0  SAMPLED BY WTD LOGGED BY WTD REVIEWED BY KJT 

DESCRlPTlONllNTERPRETATlON 
Groundwater, though not encountered at the time of drilhng, may rise to a h~gher level due 
to seasonal variations in precipitation and several other factors as discussed in the report. 

-- 

-- 

HERMOSA VISTA DRIVEIHAWES ROAD, STORM DRNN AND BASIN 





V) 

y DATE DRILLED 02/02/07 BORING NO. B-5 
a C ,-.. z - 5 0 GROUND ELEVATION 1,652'i (MSL) SHEET 2 OF 2 - 9 6 2vj 

I Gj 2 METHOD OF DRILLING CME-75, T D i a n ~ c t e r H o l l o w - S t e m A ~ g 5 r ( E ~ I I ,  IncC) 

k , &  o 5 +J ?; zi 
2 . g  & 4 DRIVE WEIGHT 140 lbs. (Automatic) DROP 30" 
0 

= 2 
0 

0 SAMPLED BY WTD LOGGED BY WTD REVIEWED BY KJT 
DESCRlPTlONllNTERPRETATlON 

20 Backfilled on 02/02/07 promptly after completion of drilling. 
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. 

25 

30 

35 

-- 

-- 

HERMOSA VISTA DRlVWliAWES ROAD, STORM DRAIN AND BASIN 



0) 
W 
-I 
a DATE DRILLED 02/23/07 BORING NO. B-6 
I - 5 Z 

; 5  5 a + .  GROUND ELEVATION 1,672'k (MSL) SHEET - I OF z 

I METHOD OF DRILLING CME-75,7" Diameter Hollow-Stem Auger(Enviro-Drill, Inc.) 

DRIVE WEIGHT 140 ibs. (Automatic) DROP 30" 

0 
SAMPLED BY DM LOGGED BY DM REVIEWED BY KJT 

DESCRlPTlONllNTERPRETATlON --- 
T \ A S P H A L T  CONCRETE: Approximately 1 inch thick. 

ALLWNM:  
Light brown, damp, very dense, silty SAND with fine gravel; numerous caliche nodules; 
moderately cemented. 

Trace to few fine to coarse gravel. 

-- 

BORING LOG 
HERMOSA VISTA DRIVEIHAWES ROAD, STORM D M  AND BASM 

MESA, ARlZONA 

PROJECT NO. 



(0 

5 DATE DRILLED 02123107 BORING NO. 9 -6  
a 
a ii 

GROUND ELEVATION 1,672'+ (MSL) SHEET 2 OF 2 

' ' METHOD OF DRILLING CME-75,T Diameter Hollow-Stern Auger (Enviro-Drill, Inc.) 

DRIVE WEIGHT 140 Ibs. (Automatic) DROP 30" 
0 

n SAMPLED BY DM LOGGED BY DM REVIEWED BY KJT 
DESCRlPTlONllNTERPRETATlON 

20 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. 

25 

30 

35 

-- 

-- 

HERMOSA VISTA DRLVEIH4WS ROAD, STORM DRAIN AND BASIN 



SHEET I OF 2 

DRIVE WEIGHT 140 lbs. (Automatic) 

SAMPLED BY WTD 

filaments and nodules; strongly cemented. 



(0 

!Y DATE DRILLED 02/02/07 BORING NO. B-7 
a G 

GROUND ELEVATION 1,690' k (MSL) SHEET - 2 OF 2 

LL y) 
METHOD OF DRILLING CME-75.7'' Diameter Hollow-Stem Augor (Enviro-Drill, lnc.) 

"J 2 $ 5  
n 2 . g  m 4 

DRIVE WEIGHT 140 lbs. (Automatic) DROP 30" 
n = & 0 

0 SAMPLED BY WTD LOGGED BY WTD REVIEWED BY KJT 
DESCRlPTlONllNTERPRETATlON 

20 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. 

25 

30 

35 

-- 

-- 

HEKMOSA VISTA DRIVElHAW,S ROAD, STORM DRAM AND BASW 
MESA, ARIZONA 



GROUND ELEVATION 1,708' i- (MSL) SHEET 1 OF 2 

DRIVE WEIGHT 140 Ibs. (Automatic) 

SAMPLED BY WTD 

Very dense; strongly cemented. 

filaments and nodules; strongly cemented. 





In 
? DATE DRILLED 01/31/07 BORING NO. B-9 
a C 
z Z 

% $  6 g g g GROUND ELEVATION 1,728'k (MSL) SHEET 1 OF 2 

- 9 u 6 2.j - 

s 3 % i7, ' o; METHOD OF DRILLING C E - 7 5 , 7 "  Diameter Hollow-Stem Auger (Enviro-Drill, Inc.) 
3 =  Y "j k 

u l $  2 g X g 2=i 
0 2.z m 5 

DRIVE WEIGHT 140 lbs. (Automatic) DROP 30" 
n " & 

n 
0 

SAMPLED BY WTD LOGGED BY WTD REVIEWED BY KIT 
DESCRlPTlONllNTERPRETATlON 

0 -,ASPHALT CONCRETE: Approximately 3 inches thick. 
GP-GM AGGREGATE BASE: Approximately 4 inches thick. 

SM brown, damp, medium dense, poorly graded GRAVEL with silt and sand. 
ALLUVIUM: 
Brown, damp, medium dense, silty SAND; trace fine gravel. 

- - - - - - - 
W j i i a n  henSe~wTlrgrX&d3KND EitTi sTltXni graver 

5 

10 

----------- 

15 

nodules; strongly cemented. 

Total Depth = 19 feet. 
Groundwater not encountered during drilling. 

HERMOSA VISTA DRIW/HAWES ROAD, STORM D M  AND BASIN 



V) 

Y 
ii DATE DRILLED 01/31/07 BORING NO. B-9 

% z 
0 3  m 6 g g Q GROUND ELEVATION 1,728'i (MSL) SHEET 2 OF 2 
% - -  0 

1 
k % $ 0  

Y " j  METHOD OF DRILLING CME-75,T Diameter Hollow-Stem Auger (Enviro-Drill, lnc.) 

g g 2 5  5 DRIVE WEIGHT 140 lbs. (Automatic) DROP 30" 2 
0 

0 
SAMPLED BY WTD LOGGED BY WTD REVIEWED BY KJT 

DESCRlPTlONltNTERPRETATlON 
Grouted and asphalt patched on 0113 1/07 promptly after completion of drilling. 
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. 

25 

30 

35 

-- 

-- 

40 

HBRMOSA VISTA DRIVEIHAWES ROAD, STORM DRAINANE BASIN 



2 
.A DATE DRILLED 01131107 BORING NO. B-I0 

ii z 
Q GROUND ELEVATION 1,742'f (MSL) SHEET I OF 2 

- 0 w G u j  

L $ 5  ' Z ' 5uj ' METHOD OF DRILLING CME-75, 7. "iarnem Hollm-Stem huger (E=ll, 1 " ~ )  

g $ $5  DRIVE WEIGHT 140 Ibs. (Automatic) DROP 30" 4 
o " & 

0 
0 

SAMPLED BY WTD LOGGED BY WTD REVIEWED BY KIT 
DESCRlPTlONllNTERPRETATlON 

0 GM A L L U V W  
Light brown, damp, dense to very dense, silty fine GRAVEL; few sand; trace clay. 

33 

88 Very dense; moderately cemented. 

5 - 

5014" 

-- 

-- 

5013" 
-- 

10 --- 

-- 

-- 

-- 

6 1 Dense. 

15 - 

I 
- 

-- 

-- J 
3 -  

li : -- 
1 

87111" 3.4 130.1 . Very dense. 

70 

HERMOSA VISTA DRIVEIHAWES ROAD, STORM DRAIN AND BASDl 



V) 

DATE DRILLED 01/31/07 BORING NO. B-10 

GROUND ELEVATION 1,742'f (MSL) SHEET 2 OF 2 

METHOD OF DRILLING CME-75,7" Diameter Hallow-Stem Auger (Enviio-Drill, Inc.) 

DRIVE WEIGHT 140 Lbs. (Automatic) DROP 30" 

0 SAMPLED BY WTD LOGGED BY WTD REVIEWED BY KJT 
DESCRIPTION/INTERPRETATlON 

20 Total Depth = 19.9 feet. 
Groundwater not encountered during drilling. 
Backfilled on 0113 1/07 promptly after completion of drilling. 
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. 

25 

30 

35 

-- 

-- 

HERMOSA VISTA DRIVEII3AWF.S ROAD, STORM DRAIN AND BASIN 



0) 

!3 DATE DRILLED 02/23/07 BORING NO. B-1 1 
a C z 

Q 
+ , 

GROUND ELEVATION 1,755'*(MSL) SHEET - 1 OF 2 
4 0) 

1 METHOD OF DRILLING CME-75,7" Diameter Hollow-Stem Auger (Enviro-Drill, Inc.) 

DRIVE WEIGHT 140 lbs. (Automatic) DROP 30" 
0 

= 2 0 
0 SAMPLED BY DM LOGGED BY DM REVIEWED BY KIT 

DESCRlPTlONllNTERPRETATlON 

SM ALLUVIUM: 
Brown, damp, very dense, silty SAND with fine gravel; scattered caliche nodules and 

Numerous caliche nodules; moderately to strongly cemented.. 

Coarse gravel present. 

tered during drilling. 
Grouted and capped with concrete on 02/23/07 promptly after completion of drilling. 

HERMOSA VISTA DRIVEMAWES ROAD. STORM DRAIN AND BASIN 





1 / I m  1 I DATE DRILLED 08/03/05 BORING NO. B-12 - " - - I I z l 3 l  6 I .' "- 0 GROUND ELEVATION 1,76St? (MSL) SHEET 1 OF 2 
5 05 ' ' METHOD OF DRILLING CMEdJ. 6.5" Diameter Hollow-Stern Auger - 

4 DRIVE WEIGHT 140 Ibs. (Automatic) DROP 30" 
li 

[, 
I.___ 
Brown, damp, medium dense, silty SAND; few fine gravel. 

0 

SAMPLED BY DM LOGGED BY DM REVIEWED BY KJT 
DESCRlPTlONllNTERPRETATlON 

SM AT.T.TNllTM: 

I 
I 

- - - - - - - - - - - - - - - - .- - - - 

I 
,lamp, T e n T e ~ p Z o i T y ~ ~ d  SAND. 

I 
10 

I 
I ---------- 

,?lamp, v7e~&nTe~iKy~ckyZySAND;TeW 6 liitE f i e  gravel. 

I I, 

I - - - - - - - - - - - - - .- - - - 
,&kp, v7eF&nGzGTy gra71t3 SAND; trace gravtX 

I 
I 

FERMOSA VISTA DRIVEmAWES ROAD, STORM DRNN AND BASM 

I 



V) 

!!i 
ii 

DATE DRILLED 08/03/05 BORING NO. B-12 
% - Z 

c ; 5  (U g g g GROUND ELEVATION 1,765'+ (MSL) SHEET 2 OF 2 - 0 w $05 
- 

I 
F: g 

% $ v )  (0 METHOD OF DRILLING CME-75.6.5" Diameter Hollow-Stem Auger 
3 El $ $=  k , s q  0 g 0 

3.: m 4 DRIVE WEIGHT 140 lbs. (Automatic) DROP 30" 
0 

= $ 
0 

0 
SAMPLED BY DM LOGGED BY DM REVIEWED BY KIT 

DESCRlPTlONllNTERPRETATlON 
20 Backfilled on 08/03/05 promptly after completion of drilling. 

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

25 

30 

35 

-- 

-- 

4n 

HERMOSA VISTA DRIVEIIlAWL(S ROAD, STORM DRAIN AND BASIN 



SHEET I OF 2 

RIVE WEIGHT 140 Ibs. (Automatic) 

AMPLED BY WTD 

cattered caliche filaments and nodules; moderately cemented. 



- 
m 
Y DATE DRILLED 02/01/07 BORING NO. B-13 
a G 

Z 
0 
+ , 

GROUND ELEVATION 1,780'f (MSL) SHEET 2 OF 2 

I 
l- 

4 x 5  2 8 
0 5 . g  m 4 DRIVE WEIGHT 140 lbs. (Automatic) DROP 30" 

0 
= & n 0 

SAMPLED BY WTD LOGGED BY WTD REVIEWED BY KIT 
DESCRIPTIONIINTERPRETATlON 

20 Total Depth = 19.9 feet. 
Groundwater not encountered during drilling. 
Backfilled on 02/01/07 promptly after completion of drilling. 
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. 

25 

30 

35 

-- 

-- 

HEKMOSA VISTA DRIVWHAWS ROAD, STORM DRAM AND BASIN 



DRIVE WEIGHT 140 ibs. (Automatic) 

SAMPLED BY WTD LOGGED BY WTD REVIEWED BY 

, loose, clayey fine GRAVEL with sand. 



2 
A 
a DATE DRILLED 0210 1 I07 BORING NO. B-14 

Z 

GROUND ELEVATION 1 , 7 9 s m i  (MSL) SHEET 2 OF 2 

I METHOD OF DRILLING CME-75.7" Diameter Hollow-Stem Auger (Enviro-Drill, lnc.) 

# & $5 
4 DRIVE WEIGHT 140 Ibs. (Automatic) DROP 30" " 2 0 

0 
SAMPLED BY WTD LOGGED BY WTD REVIEWED BY KIT 

DESCRlPTlONllNTERPRETATlON 
20 Total Depth = 20 feet. 

Groundwater not encountered during drilling. 
Grouted and asphalt patched on 02101107 promptly after completion of drilling. 
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 
Feport. 

25 

30 

35 

-- 

-- 

40 

HERMOSA VISTA DRIVEMWES ROAD, STORM DRAIN AND BASIN 



SHEET I OF 2 

140 lbs. (Automatic) 







(0 

!? 
a DATE DRILLED 01131107 BORING NO. B-16 

G: z 
m 

Q GROUND ELEVATION 1,830'+ (MSL) SHEET 2 OF 2 

LL 

- 
x METHOD OF DRILLING CME-75,7" Diameter Hollow-Stem Auger (Enviro-Drill, Inc.) 
k 3 Li w r c  0 5 0 2.2 & DRIVE WEIGHT 140 1bs. (Automatic) DROP 30" 

0 
= 2 

n 0 
SAMPLED BY WTD LOGGED BY WTD REVIEWED BY KIT 

DESCRIPTION/INTERPRETATlON 
20 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. 

25 

30 

35 

-- 

-- 

40 

HERMOSA VISTA DRIVWHLAWES ROAD, STORM DRAIN AND BhSIN 
MESA. ARIZONA 



DRIVE WEIGHT 140 lbs. (Automatic) 

SAMPLED BY WTD LOGGED BY WTD REVIEWED BY 



V) 

k? DATE DRILLED 02/02/07 BORING NO. 8-17 
a i i  

Z 
Q GROUND ELEVATION 1,732'i. (MSL) SHEET 2 OF 2 

- 2 2 G"i " ' 
I METHOD OF DRlLLlNG CME95,7" Diameter HolluwYkm Auger (t=li, lnc) 

5 DRIVE WEIGHT 140 lbs. (Automatic) DROP 30" " 2 0 
0 SAMPLED BY WTD LOGGED BY WTD REVIEWED BY KIT 

DESCRlPTlONllNTERPRETATlON 

20 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. 

25 

30 

35 

-- 

-- 

IERMOSA VISTA DRIVWHAWES ROAD, STORM D m  AND BASIN 



SHEET I OF 2 

DRIVE WEIGHT 140 Ibs. (Automatic) 

SAMPLED BY DM 

Coarse gravel present; strongly cemented. 



m 
DATE DRILLED 02/23/07 BORING NO. 8-18 

Z 

GROUND ELEVATION 1,745'i-(MSL) SHEET 2 OF 2 

METHOD OF DRILLING CMt-75,7'  Diameter Hollow-Sblll Auger (E=ll, lnc) 

w 2 5  q 5 
0 2.; m 

DRIVE WEIGHT 140 lbs. (Automatic) DROP 30" 
n " & 

0 
0 

SAMPLED BY DM LOGGED BY DM REVIEWED BY KIT 
DESCRlPTlONllNTERPRETATlON 

zu Total Depth - 19.9 feet. 
Groundwater not encountered during drilling. 
Backfilled on 0212312007 promptly after completion of drilling. 
Groundwater, though not encountered at the time of drilling, may rise to a high level due 
to seasonal variations in precipitation and several other factors as discussed in the report. 

25 

30 

35 

-- 

-- 

HERMOSA VISTA DRLVWHAWES ROAD, STORM DRAIN AND BASM 



METHOD OF DRILLING CME95,7" Diameter Hollow-Stem Auger (Envira-Drill, Inc) 

DRIVE WEIGHT 140 lbs. (Automatic) 

Very dense; scattered caliche nodules. 

Numerous caliche nodules; moderately to strongly cemented. 
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GROUND ELEVATION 1,754'+ (MSL) SHEET 1 OF 2 

DRIVE WEIGHT 140 lbs. (Automatic) 

ace silt; scattered caliche filaments. 

Numerous caliche nodules; moderately to strongly cemented. 



V) 

!!! DATE DRILLED 02/23/07 BORING NO. 8-20 
a 2 z z 

o $  m 5 8 k$ 0 GROUND ELEVATION 1,754'i (MSL) SHEET 2 OF 2 

&! - - B u i ; % ,  
r ' ' METHOD OF DRILLING CME-75,7" Diameter Hollow-Stem Auger (Enviro-Drill, Inc.) 2 y ,  

L x $  Zi $ X & g=  
0 2.z 4 DRIVE WEIGHT 140 lbs. (Automatic) DROP 30" 

0 
= & 

D 
0 

SAMPLED BY DM LOGGED BY DM REVIEWED BY KJT 
DESCRlPTlONllNTERPRETATlON 

20 Total Depth = 20 feet. 
Groundwater not encountered during drilling. 
"ackfilled on 0212312007 promptly after completion of drilling. 
Groundwater, though not encountered at the time of drilling, may rise to a high level due 
:o seasonal variations in precipitation and several other factors as discussed in the report. 

25 

30 

35 

-- 

-- 

HERMOSA VISTA DRIVWHAWS ROAD, STORM DRAIN AND BASIN 



Geotechnical Evaluation July 3 1,2007 
Hermosa Vista Drivemawes Road, Storm Drain and Basin Project No. 601527001 
Mesa, Arizona 

APPENDIX B 

LABORATORY TEST RESULTS 

Classification 
Soils were visually and texturally classified in accordance with the USCS in general accordance 
with ASTM D 2488-06. Soil classifications are indicated on the logs of the exploratory borings 
in Appendix A. 

In-Place Moisture and Densitv Tests 
The moisture content and dry density of relatively undisturbed samples obtained from the ex- 
ploratory borings were evaluated in general accordance with ASTM D 2937-04. The test results 
are presented on the logs of the exploratory borings in Appendix A. 

Gradation Analvsis 
Gradation analysis tests were performed on selected representative soil samples in general accor- 
dance with ASTM D 422-63(02). The grain-size distribution curves are shown on Figures B-1 
through B-13. These test results were utilized in evaluating the soil classifications in accordance 
with the Unified Soil Classification System. 

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 43 18-05. These test 
results were utilized to evaluate the soil classification in accordance with the Unified Soil Classi- 
fication System. The test results and classifications are shown on Figure B-14. 

Expansion Index Tests 
The expansion index of selected materials was evaluated in general accordance with U.B.C. 
Standard No. 18-2 (ASTM D 4829-03). Specimens were molded under a specified compactive 
energy at approximately 50 percent saturation (plus or minus 1 percent). The prepared 1-inch 
thick by 4-inch diameter specimens were loaded with a surcharge of 144 psf and were inundated 
with tap water. Readings of volumetric swell were made for a period of 24 hours. The results of 
these tests are presented on Figure B-15. 

Maximum Drv Densitv and Optimum Moisture Content Tests 
The maximum dry density and optimum moisture content of selected representative soil samples 
were evaluated in general accordance with ASTM D 698-00a. The results of these tests are sum- 
marized on Figures B-16 through B-18. 
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Soil Corrosivitv Tests 
Soil pH and minimum resistivity tests were performed on a representative soil sample in general 
accordance with Arizona Test 236b. The sulfate content was evaluated in general accordance 
with Arizona Test 733. The chloride content was evaluated in general accordance with Arizona 
Test 736. The test results are presented on Figure B-19. 

R-value 
The resistance value, or R-value, of alluvial soils was evaluated in general accordance with 
ASTM D 2844-01. Samples were prepared and each was tested for exudation pressure and R- 
value. The graphically evaluated R-value at an exudation pressure of 300 psi is reported. The 
test results are shown on Figure B-20. 
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AGRONOMIC TEST RESULTS 



@ FRUIT GROWERS LABORATORY, INC. 

Analfical Chemists 
March 13, 2007 Lab ID : SP 0702147-001 

Ninyo & Moore Customer ID : 2-18569 

5710 Ruffin Road Sampled On : February 23, 2007 
San Diego, CA 92123-1013 Sampled By : Dale Mooney 

Received On : February 27,2007 
Depth : 0-60" 

Description :Site B18 Meth Irrg. : None 
Project : Hermosa VistaIProject #601527001 

NATIVE PLANT SOIL ANALYSIS 

Primary Nutrients 

Good Problem Indicates physicz tians andlor pL -.1 amenc-...t requirements. 
Note: Color coded bar have been used to provide you with 'AT-A-GLANCE' interpretations. 

Corponb OM= 6 h b o n t o  Omcc a Laborstory -6L.bontoy Fldd Mnce 
P.O. ~m 272 1853 ~ o r p o r a t i o n L t  2500 Stagecoach Rosd 
Sanla Paula. CAO~OBIMTZ 583 E. Lindo Avenue Visslls. California 

Slocklon. CA 95215 
E L :  806/3924000 

Chim CAS592tl TEL: 5591734-0473 
TEL: 20818424182 

FAX: 805t382-2083 E L :  h13435818 Mobikt: 5591737-2398 
FAX: 2081042-0423 FAX: 63013433807 FAX: 55W734-8435 

CANELAP CerWicatlon No. 01110CA CA U A P  Ce~AcaUon No. 1663 
CA E W  CeMcation No. 1673 CA EUF' CerWisalion No. 1582 



March 13, 2007 

Ninyo & Moore 

[ ~ e s t  Description I Result Units bptirnum Range I Graphical Rcsults Presentation 

I I Satisfactory I p'n;bll 

Lab ID : SP 0702147-001 
Customer ID : 2-18569 
Description : Site B18 

NATIVE PLANT SOIL ANALYSIS 

Limestone 3.2 % 0 - 0.5 I 
~ , - 1 ~ 1 3 l 4 1 ~ 1 6  

Lime Requirement 0 TonslAF I 
Very Moderately Optimum Moderately Very 
Low LOW High High . 

Moisture 2.5 % 4.8 - 14.2 I 
L 
I I 

Sandy Loam Silt Clay Clay Organic 
Loam Loam Loam 

Good Problem Indicates physical conditions and/or phenological and amendment requiremen@. 
Note: Color wded bar graphs have been used to provide you with 'AT-A-GLANCE' interpretations. 

Soil pH & Limestone levels ace important to consider when making plant selections. Soil pH levels above 7.0 are not 
suitable for acid loving plants. Soils containing limestone are not suitable for plants sensitive to Limestone. 

fl DHN: JRT 

FRUIT GROWERS LABORATORY, INC. 

Darrell H. Nelson, Agronomist 
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APPENDIX D 

TEST PIT LOGS AND PHOTOGRAPHS 



EXCAVATION LOG 
EXPLANATION SHEET 

Sand cone perfmed. 

Groundwater encountered duriog excavation. 

No rccavev with drive sampler. 

Groundwater mcountered after excavation. 

Sample rdained by others. 

Shelby   be sample. Distance pushed in inchcdcngtb of sample 
recovered in inches 

bss: Basal Slide Surface 
sf: Shew Frachln 



V) 

DATE EXCAVATED 06/27/07 TEST PIT NO. TP-I 

GROUND ELEVATION -- LOGGED BY DM 
Test Pit LOG 

HERMOSA VISTA DRIVE/HAWES ROAD 
' METHOD OF EXCAVATION Case 580-Super L Backhoe 

STORM DRAIN AND BASIN 
MESA, ARIZONA LOCATION Hemosa Vista (See Figure 2) 

m 
DATE a s  n o 

PROJECT NO. 
V) 

o DESCRIPTION 
601527001 07/07 

\ " I  SM FILL: 
Brown, damp, medium dense, silty fine to medium SAND, few fine gravel. 

SM ALLUVIWA 
Brown, dry, dense to very dense, silty fm to coarse SAND; few fine gravel; 
strongly cemented. 

Refusal on caliche. 
Total Depth = 4.5 feet (Backhoe Refusal). 

--- Groundwater not encountered during excavation. 
BacH111ed on 06/27/07 promptly after completion of excavation 
Groundwater, though not encountered at the time of excavation, may rise to 
higher levels due to seasonal variations in precipitation and several other 
factor. as discussed in the report. 

--- 

--- 

7 
a 
C 
a 
0 
2 

-10 

I7 

--- 

--- 

SCALE = 1 in.12 ft. 





fn 
Y z DATE EXCAVATED 06/27/07 
a 

TEST PIT NO. TP-3 

F z  0 - - 
Test Pit LOG 

HERMOSA VISTA DFSVE/HAWES ROAD 
STORM DRAIN AND BASN 

MESA, AFXZONA 

Backfilled on 06127107 promptly after completion of excavation 
Groundwate~, though not encountered at the time of excavation, may rise to 
higher levels due to seasonal varia.tions in precipitation and several other 
factors as discussed in the repoa. 

1 
) 

I 
1 
I 

JEALE = 1 1n.12 ft. I 

PROJECT NO. 
601527001 

\ 

GROUND ELEVATION -- LOGGED BY DM 

METHOD OF EXCAVATION Case 580-Super L Backhoe 

LOCATION Hemosa Vista (Set Figure 2) 

DESCRIPTION 

FILL: 
Brown, damp, medium dense, silty fme to come SAND; few fine gravel. 

F . i w < *  
5- CC 
I rn + z ' Lo5 O 

m 
DATE 
07107 

/"I 
n$j 

[L n 0 

SM 



LOGGED BY 

METHOD OF EXCAVATION Case 580-Super L Backhoe 

factors as discussed in the report 



V) 

DATEEXCAVATED 06127107 TEST PIT NO. TP-5 

GROUNDELEVATION - 
Test Pit LOG 

LOGGED BY DM 

HERMOSA VISTA DRIVWHAWES ROAD I: METHOD OF EXCAVATION Case 580-Super L Backhoe 

STORM DRAIN AND BASIN 
MESA, ARIZONA LOCATION Hermosa Vista (See Figure 2) 

m 
PROJECT NO. DATE 

V) 
0 

07/07 
DESCRIPTION 

601527001 
SM FILL: 

Brown, damp, dense to very dense, silty tine to coarse SAND with gravel. 

higher levels due to seasonal variations in precipitation and several other 
factors as discussed in the report. 



8 
-I c? DATEEXCAVATED 06127107 TEST PIT NO. TP-6 z 

g o  5 ,  GROUNDELEVATION - LOGGED BY 
Test Pit LOG 2 -  

HERMOSA VISTA DRIVBHAWES ROAD METHOD OF EXCAVATION Case 580-Super L Backhoe 

STORM DRAIN AND BASIN 
MESA, ARIZONA LOCATION Hermosa Vista (See Figure 2) 

PROJECT NO. DATE n DESCRIPTION 
V) 

601527001 07\07 

\ A " SM FILL: 
Brown, damp, medium dense to dense, silly line to warse SAND with gravel 

numerous caliche nodules; smngly cemented. 

higher levels due to seasonal variations in precipitation and several other 
factors as discussed in the report. 







1 Hermosa Vista DriveIHawes Road, Stom1 Drain & Basin 
Mesa, Arizona 

July 31,2007 
601527001 

Photo 1. View of TP-1 

Photo 2. View of TP-1 

Photo 3. View of TP-1 Spoil Pile 

Photo 4. View of TP-2 



Hermosa Vista DriveIHawes Road, Storm Drain & Basin 
Mesa, Arizona July 31, 2007 

601527001 

Photo 5. View of TP-2 

Photo 6. View of TP-2 Spoil Pile 

Photo 7. View of TP-3 

Photo 8. View of TP-3 

D-2 



Hermosa Vista DriveIHawes Road, Storm Drain & Basin 
Mesa, Arizona 

July 31, 2007 
601 527001 

Photo 9. View of TP-3 Spoil Pile Photo 11. View of TP-6 

Photo 10. View of TP-5 Photo 12. View of TP-6 Spoil Pile 
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SEISMIC REFRACTION SURVEY RESULTS 
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APPENDIX E 

GEOPHYSICAL SEISMIC REFRACTION SURVEY 

Ninyo and Moore personnel conducted seismic refraction surveys at the site on June 26 and 27, 

2007, to evaluate the rippability characteristics of the near surface materials. The seismic refrac- 

tion data were collected with a SmartSeis S 12, high performance exploration seismograph and 12 

vertical component geophones. A 10-pound hammer and metal plate were used as the seismic 

wave source. A total of 10 seismic refraction traverses were performed, and the approximate lo- 

cations of the traverses are depicted on Figure 2. 

The seismic refraction method uses first-arrival times of refracted seismic waves in units of mil- 

liseconds to evaluate the thicknesses and seismic velocities of subsurface layers. Seismic waves 

generated by hammer at the ground surface at a given "shot" point are refracted at boundaries 

separating materials of contrasting material velocities. These refracted seismic waves are then 

detected by a series of surface geophones and recorded with a seismograph. The measured time 

that the seismic wave signals take to travel to each geophone are used in conjunction with the 

known shot-to-geophone horizontal distances to obtain thickness and velocity information about 

the subsurface materials. 

The refraction method requires that subsurface velocities (and therefore material density) in- 

crease with depth. A laycr having a velocity lower than that of the layer which ovcrlies i t  will not 

be detectable by the seismic refraction method and, therefore, could lead to errors in the depth 

calculations of subsequer~t layers. This is known as a "velocity inversion" problem. In addition, 

relatively significant lateral variations in velocity, such as those which occur at shallow buried 

discontinuous caliche deposits that are surrounded by lower velocity soils, can also result in the 

misinterpretation of the subsurface conditions when using this method. Near surface accumula- 

tions of significant caliche deposits can create velocity inversion problems as the caliche 

generally has a higher velocity than surrounding non-caliche soils, and will often mimic bedrock 

velocities. This means that the relatively near surface caliche we encountered in our explorations 

may preclude acquiring velocity and depth data for materials underlying the caliche at our survey 
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locations. Several of our test pits for this project encountered backhoe refusal on caliche at rela- 

tively shallow depths, generally 3.5 feet bgs or less. However, using auger drilling equipment, 

several of our small-diameter soil borings were able to penetrate the caliche layers. 

In general, seismic wave velocities can be correlated to material density and/or rock hardness. 

The relationship between rippability and seismic velocity is empirical and assumes a homoge- 

nous mass for each detected layer. Localized areas of differing composition, texture, or structure 

may affect both the measured data and the actual rippability of the mass. The rippability of a 

mass is also dependent on the excavation equipment used and the skill and experience of the 

equipment operator. 

The following rippability chart (Table E-1) is based on our experience with similar materials. It 

assumes that a Caterpillar D-9 dozer ripping with a single shank is used. We emphasize that the 

cutoffs in this classification scheme are approximate and that soil characteristics can play a sig- 

nificant role in determining excavation rates and rippability. In addition, where excavations 

encounter or penetrate weathered or fresh bedrock, rock characteristics, such as depth of and de- 

gree of weathering, degree of cementation (if any), the presence or absence of fractures and/or 

joints, and fiactureijoint spacing and orientation, also play a significant role in determining rock 

rippability. These soil and rock characteristics may also vary with location and depth. 

Table E-1 - Qualitative Rippability Classification 

For trenching and other relatively narrow excavation operations, the rippability figures should be 

scaled downward. For example, velocities as low as 3,200 feet per second might indicate difficult 

ripping or possible blasting during trenching operations. In addition, the presence of cobbles and 

0 to 2000 ft/s 

2000 to 4000 ft/s 

4000 to 5500 ft/s 

5500 to 7000 ft/s 

Greater than 7000 ft/s 

Easy Ripping 

Moderate Ripping 

Difficult Ripping, Possible Blasting 

Very Difficult Ripping, Probable Blasting 

Blasting Generally Required 
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boulders, and eroded remnants of weathered bedrock and fresh bedrock, which can be trouble- 

some in trench excavations, should be anticipated. Based on our visual field observations, results 

from our test pits, and our seismic refraction survey results, the presence of near-surface bedrock 

and/or cemented soils is anticipated in this area. It is also possible that variations in erosion rates 

and fracture density and spacing may have caused variable depths to bedrock and/or cemented 

soils. It is also possible that a spatially varying presence of cemented soils andlor buried bedrock, 

including weathered and non-weathered bedrock remnants, in addition to boulders and cobbles, 

might be encountered in areas of the site. The above classification scheme should be used with 

discretion, and contractors should not be relieved of making their own independent evaluation of 

the rippability of the on-site materials prior to submitting their bids. Table E-2 lists the average 

velocities and depths calculated from the seismic refraction traverses conducted during this 

evaluation. Our seismic refraction layer profiles are presented as Figures E-l through E-l 0. 

It should also be noted that, as a general rule of thumb, the effective depth of evaluation for a 

seismic refraction traverse is approximately one-third to one-fifth the length of the refraction 

line. The lengths of the seismic refraction lines are listed, with our interpretations, in Table E-2. 
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Table E-2 - Seismic Refraction Results 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 601527001 ippendlr C E-4 ~ ~ ~ B # @ ~ @ @ Q J ~ B  



I HERMOSR VISTCI STORM D R R I N  RND BRSIN ,  S E I S M I C  REFRRCTION SURVEY. S L - 1  I I 

SEISMIC REFRACTION SURVEY SL-1 

PROJECT NO 

flle no 1527re80707a 

HERMOSAVISTA DRIVUHAWES ROAD 
STORM DRAIN AND BASIN 

MESA, ARIZONA 

DATE: E-I 
601527001 1 07\07 



HERMOSA V I S T A  STORM DRRIN RND BASIN,  S E I S M I C  REFRRCTION SURVEY. SL-2 

Yiny~&Wnnre i i SEISMIC REFRACTION SURVEY SL-2 i 
PROJECT NO: DATE: 

601527001 07/07 

HERMOSAVISTA DRIVEIHAWES ROAD 
STORM DRAIN AND BASIN 

MESA, ARIZONA I 
1 E-2 
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HERMOSR U I S T R  STORM DRRIN QND BRSIN,  S E I S M I C  REFRRCTION SURVEY. SL-3 

10 

I FIGURE 
SEISMIC REFRACTION SURVEY SL-3 i 

PROJECT NO: DATE: HERMOSAVISTA DRlVEiHAWES ROAD 

601527001 07/07 
STORM DRAIN AND BASIN 

MESA, ARIZONA 

I E-3 
I 



I I HERMOSR U I S T f i  STORM D R R I N  RND BRSIN.  S E I S M I C  REFRRCTION SURUEY. S L - 4  

I PROJECT NO: DATE: 

601527001 07/07 

SEISMIC REFRACTION SURVEY SL-4 

HERMOSAVISTA DRlVElHAWES ROAD 
STORM DRAIN AND BASIN 

MESA, ARIZONA 

FIGURE 
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HERMOSR U I S T R  STORM D R R I N  RND BRSIN ,  S E I S M I C  REFRRCTION SURVEY. SL-5  
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FIGURE 

E-5 

I lyi!yn&l\nmre , SEISMIC REFRACTION SURVEY sL-5 

PROJECT NO: 

601 527001 

DATE: 

07/07 

HERMOSAVISTA DRIVEIHAWES ROAD 
STORM DRAIN AND BASIN 

MESA. ARIZONA 



HERMOSR UISTR STORM DRRIN RND BRSIN. SEISMIC REFRRCTION SURVEY. SL-6 
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C 

Yinyog.Moore 1 I SEISMIC REFRACTION SURVEY SL-6 

PROJECT NO: DATE: 

601 527001 07/07 

HERMOSAVISTA ORIVWHAWES ROAD 
STORM DRAIN AND BASIN 

MESA, ARIZONA 



HERMOSR UISTCl STORM D R R I N  RND B A S I N ,  S E I S M I C  REFRRCTION SURUEY, S L - 7  I I 
S p r e a d  R 1 1  I 

I I 

FIGURE 
SEISMIC REFRACTION SURVEY SL-7 

I PROJECT NO: DATE: 1 
601527001 07107 I 

HERMOSAVlSTADRlVElHAWES ROAD 
STORM DRAIN AND BASIN 

MESA. ARIZONA 



I HERMOSR U I S T R  STORM D R R I N  RND BRSIN.  S E I S M I C  REFRRCTION SURVEY, S L - 8  I I 

I J 
I lyinyu&mnnre I SEISMIC REFRACTION SURVEY sL-8 I FIGURE I - 

PROJECT NO: DATE: HERMOSAVlSTADRlVElHAWES ROAD 

601527001 I 07/07 
STORM DRAIN AND BASIN 

MESA, ARIZONA i I E-8 
61e m 152irmt07Dih 



I HERMOSR U I S T R  STORM D R R I N  RND BRSIN.  S E I S M I C  REFRCiCTION SURUEY.SL-9 I I 

FIGURE 

E -9 
inyo&@~nre Y SEISMIC REFRACTION SURVEY SL-9 

HERMOSAVISTA DRIVEMAWES ROAD 
STORM DRAIN AND BASIN 

MESA, ARIZONA 

PROJECT NO: 

601527001 

DATE: 

07/07 



HERMOSR VISTR STORM DRQIN RND ERSIN, SEISMIC REFRRCTION SURUEY, SL-10 I I 

FIGURE 

E-1 0 
SEISMIC REFRACTION SURVEY SL-10 

HERMOSAVlSTADRlVEiHAWES ROAD 
STORM DRAIN AND BASIN 

MESA, ARIZONA 

PROJECT NO: 

601527001 

DATE: 

07/07 




