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works. The concept is to temporarily store a portion
of the flood volume and release it after peak flows
in the EMF have subsided. Diversion of a portion
of the flow into storage will reduce the flow
downstream, so that capacity limitations are eased.
Stored flows should be released within 36 hours
after the end of the storm event so that the storage
basins do not become semi-permanent aquatic
environments.

Project design conditions
Two planning scenarios are managed by the
FCDMC: existing conditions and full-development.
In summary, flows in the full-development scenario
are expected to be less than with the existing case
as a result of development of the land and
construction of associated on-site detention or
retention facilities for each development. This
project is designed for full-development conditions.
This may result in higher flow conditions until
more development occurs and the facilities may not
reduce flows in the EMF to the extent provided by
the design until that happens.

Multi-use opportunities
The site for the Chandler Heights Basin comprises
approximately 250 acres-a very sizable area for
flood detention. By comparison, common detention

Figure 3. The East Maricopa Floodway is a 200-ft wide flood channel
running through eastern Maricopa County. It's function is to intercept
runoff and drainage from tributary systems and convey it to the Gila
River in Pinal County. This view shows the EMF looking downstream
from south of the Queen Creek Road bridge. The Chandler Heights Ba­
sin will be constructed to the left of the left embankment shown here.

PROJECT GOALS
Based on previous studies, FCDMC has identified a
need to mitigate capacity deficiencies in the EMF
and subsequently acquired land for the Rittenhouse
Basin and the Chandler Heights Basin upon which
to construct detention storage basins and associated

~ In .June 2001, the. FCDMC contracted with Kirkham
MIchael & ASSOCiates, Inc. (KM) to initiate the pre­
liminary design of the Chandler Heights and the Rit­
tenhouse Detention Basins and ultimately develop fi-
nal construction plans. This report presents proposals
for the Chandler Heights Basin, to be located north of
Chandler Heights Road. A companion report presents
similar information for the Rittenhouse Basin. Fur­
ther, this report presents the hydrologic and hydraulic
analyses that were used to develop alternatives and
evaluate them. All alternatives have as a goal meet­
ing specific target flow limits in the EMF as estab­
lished by FCDMC.
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'--"'" PROJECT LOCATION
, The Chandler Heights Detention Basin is located in
\ eastern Maricopa County within the Town of Gilbert

and in unincorporated Maricopa County. The site is
bounded by Higley Road to the east, Chandler
Heights Road to the south, and by the EMF to the
west. See Figure 1.

A proposed project for the Chandler Heights Basin is
G ~R.If Ii .vv R I) presented here. The project presented here provides a
~ ~ hydraulic solution to meet the project goals, but does

:-'I----:~:::.r_(,li:..)(~/"tv eREI K RI) not solve all of the design issues. Those will be han-
"'" died during project design. Expected costs and bene-

__ fits associated with the proposed plan are presented.
This report also presents a discussion and evaluation
of various trade-offs considered during analysis.
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Sal Tall F\ \'
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PINAL COUNTY

Figure 1. Map of the Chandler Heights Basin area.
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SUMMARY
The East Maricopa Floodway (EMF) is a regional
flood control channel located in eastern Maricopa
County and northern Pinal County. It serves as a pri­
mary outfall and flood conveyance for the City of
Mesa, Town of Gilbert, Town of Queen Creek, Gila
Indian Community, and for unincorporated areas of

--Maricopa and Pinal Counties, as shown in the map in
Figure 1. The Flood Control District of Maricopa

&..: r--r--t--~.:::...!...,!;.~.!...!....!.~~-I-----1--- County (FCDMC) has determined the need for two
--"7 MAIN ST large detention basins along the EMF to attenuate
--~~~~~.....:...t- -"-~~~~~~--I--- -- peak flood flows; one located north of Chandler

o~ Heights Road and the other located north of Ritten-
--- u- house Road.
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Queen Creek Area Drainage Master Study
(Wood and Associates, 1991). This study identi­
fied stormwater problems in the Queen Creek and
provided a master drainage plan for resolution of
them. The existing conditions hydrologic model
from this study was updated and utilized as part of
the EMF Capacity Mitigation Study and the Queen
CreekiSanokai Wash HMP.

East Mesa Area Drainage Master Plan (ADMP)
(FCDMC and Dibble and Associates, 1998).
This study determined the existing and future con­
ditions hydrology for the East Mesa area for plan­
ning purposes. It identified drainage problems and
proposed improvements to provide flood protection
in the East Mesa Area.

East Maricopa Floodway Capacity Assessment
Study (HNTB, 1999). This study assessed the con­
veyance capacity of the entire EMF for the existing
conditions 100-yr discharge, the future conditions
100-yr discharge, and the Soil Conservation Ser­
vice (SCS) EMF design discharge. The study also
delineated the extent of flooding adjacent to the
EMF for all three conditions. The study also deter­
mined the conveyance capacity of the EMF under
bank-full conditions.

Sanokai Wash Floodplain Delineation Study
(FDS) (Entellus, 1999). This study developed the
existing condition hydrology for the Sanokai Wash
watershed and delineated the Sanokai Wash flood­
plain between Higley Road and Riggs Road. The
hydrology and hydraulic models from this study
were used as a basis to develop a future conditions
model for the Sanokai Wash watershed in the
Queen CreekiSanokai Wash Hydraulic Master Plan.

sented were options of splitting Queen Creek and
Sanokai Wash and rerouting them to the EMF. The
study criteria and proposed alternatives were based
upon the full development of the watershed accord­
ing to local municipality General Plans and existing
zoning boundaries. Future conditions hydrology
from this study was incorporated into the EMF Ca­
pacity Mitigation Study by Huitt-Zollars.

Queen Creek/Sanokai Wash Hydraulic Master
Plan (HMP) (Huitt-Zollars, 2000). This concept
study recommended and developed conceptual
plans for flood control improvements along Queen
Creek and Sanokai Wash that would serve as guide­
lines for use by local municipalities in planning for
future development. The study recommended
channel improvements along Queen Creek Wash to
incise the channel and minimize sediment transport
and lateral migration of the channel. The study also
recommended channel improvements to Main
Branch and East Branch of Sanokai Wash to better
channel overland flow. In addition, three detention
basins were proposed along Sanokai to attenuate
peak flood flows. Among the alternatives pre-

identified multi-use opportunIties that would be
consistent with the proposed flood control recom­
mendations. The study criteria and proposed alter­
natives were based upon full development of the
watershed and construction of selected planned
flood control facilities as identified by FCDMC.
The study recommended construction of two EMF
detention basins; one in the vicinity of Rittenhouse
Road and the other in the vicinity of Chandler
Heights Road. This study and its hydrologic/
hydraulic models provided the basis for the prelimi­
nary design of Rittenhouse Basin in this project.

East Maricopa Floodway Capacity Mitigation
Study Report, (Huitt-Zollars, 2000). This con­
cept study developed and evaluated alternatives to
resolve EMF conveyance capacity deficiencies and
developed conceptual plans for a preferred alterna­
tive. The study recommended a series of five EMF
detention basins along with isolated channel im­
provements to the EMF to resolve EMF capacity
and flood control deficiencies. The study criteria
and preferred alternative were based upon existing
watershed conditions. This study also compiled
and developed hydrology models for the EMF wa­
tershed (downstream to Hunt Highway) for the fu­
ture watershed conditions from previous hydrologic
study models and updated hydrology developed
during the study. These future watershed condi­
tions models served as the basis for the East Mari­
copa Floodway Capacity Mitigation and Multi-Use
Corridor Study by Collins-Pina.

East Maricopa Floodway Capacity Mitigation
and Multi-Use Corridor Study (Collins-Pina,
2000). This concept study evaluated alternatives
and recommended a preferred alternative to im­
prove the flood control capabilities of the EMF and

PREVIOUS STUDIES
A number of previous studies have been conducted
in the study area and serve as a basis, either directly
or indirectly, for the development of hydrology and
hydraulic models utilized in this study. In addition,
several studies provide background information and
show the progression of development of alterna­
tives that have led to the concept of the Chandler
Heights and Rittenhouse Detention Basins.

A regional trail system has been proposed that
would incorporate a portion of the EMF into the
system. The plan is to use the top of the east em­
bankment of the EMF channel as part of the San
Tan Regional Trail. This route covers approxi­
mately two miles in length between Chandler
Heights Road to the south and Queen Creek Road
to the north. The alternatives presented here include
provisions that such a trail can be developed.

The recharge project is compatible with the flood
control project, and portions of our design antici­
pate the possibility of blending the two. Queen
Creek is shown in Figures 4 and 5 below.

Figure 5. This view shows the Queen Creek levee on the west side of the
channel. The area to the left of the levee in this photo is in what will be
the Chandler Heights Basin.

basins associated with specific developments are
usually on the order of 1-20 acres.

Because the detention basin will often remain dry,
the area is attractive for other compatible uses.
However, while the design of the flood control fa­
cilities provide for and take into consideration these
and possibly other uses, the resulting design and
construction will only provide the flood control fa­
cilities themselves. Other parties will be responsi­
ble for design and construction of the other facili­
ties consistent with design and operating criteria set
forth here and consistent with operating agreements
between those other parties. FCDMC funds will
only be used for flood control facilities.

The Roosevelt Water Conservancy District owns
the existing Queen Creek Channel and plans to
make improvements to it for groundwater recharge.

The Town of Gilbert recognized the potential for
recreational development that could be built in and
around the flood control basin, and the District is
interested in working with the Town on this. The
District would construct the flood control facilities
and operate them. If a suitable interagency agree­
ment is reached, the Town would probably con­
struct any recreational facilities and operate them.
Each party would be responsible for the design of
their respective facilities.

Figure 4. A typical view of the Queen Creek channel. It has a bottom
width of 50-70 feet, and much of it lies within raised levees, as the pic­
ture in Figure 5 shows.
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Bureau of Reclamation Sanoqui Detention Dike.
The Sanoqui Detention Dike is a flood retarding
structure located in Pinal County, east of the CAP
aqueduct. The structure collects, detains and re­
leases flow into Queen Creek from a watershed up­
stream of the CAP aqueduct.

San Tan Freeway. Within the watershed, the
alignment of the proposed San Tan Freeway runs
easterly along the Knox Road alignment before
turning north approximately between Hawes Road
and Ellsworth Road. The proposed freeway will in­
terrupt the natural westerly drainage of the water­
shed and include a number of bridges, culverts,
drainage channels and detention basins. The free­
way is still in the planning and design stage and
drainage facilities have not been completely de­
fined or finalized.

Southern Pacific Railroad Line (SPRR). A
SPRR line runs northwesterly across eastern Mari­
copa County along the north side of Rittenhouse
Road. The SPRR line is on a raised embankment
that interrupts the natural westerly flow of the wa­
tershed. A few culverts convey flow across the
SPRR in select locations.

Open Aggregate Mining Pits. Active and aban­
doned aggregate mining pits located adjacent to or
within Queen Creek Wash, continue to alter flow

Central Arizona Project (CAP) Aqueduct. A
CAP aqueduct component (the Salt-Gila Aqueduct)
interrupts the natural westerly drainage of the wa­
tershed. Pipe overchutes carry drainage past the
aqueduct at select locations. Discharge from a
large CAP overchute (4-72" pipes) conveys flow
released from the Sanoqui Detention Dike across
the CAP and continues as Queen Creek Wash.

Other significant structures that affect functions in
the EMF include:

through the Town of Queen Creek before draining
towards Queen Creek Wash in a poorly defined
manner, approximately along the Ocotillo Road
alignment. After their confluence, Queen Creek!
Sanokai Wash pass through a sedimentation basin
prior to discharging into the EMF.
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PINAL COUNTY

Sanokai Wash consists of two branches, the Main
Branch and the East Branch. Both branches origi­
nate in the Santan Mountains in Northern Pinal
County and flow northwesterly before joining in
the proximity of Riggs Road and Hawes Road. The
combined Sanokai Wash continues northwesterly

watershed that includes the Town of Queen Creek
and extend into northern Pinal County.

Queen Creek is a well-defined natural channel that
originates in the Superstition Mountains in northern
Pinal County and flows southwesterly, passing
through the Whitlow Reservoir and the Sanoqui
Detention Dike before continuing westerly through
Maricopa County and discharging into the EMF
just north of Chandler Heights Road.

Figure 7. Map showing tributaries to the EMF in the Chandler Heights
Basin area.

Broadway Channel. The Broadway Channel col­
lects and conveys drainage from Mesa and unincor­
porated Maricopa County. It discharges into the
EMF south of Broadway Road.

Powerline Floodway. The Powerline Floodway
collects and conveys drainage from Mesa, Williams
Gateway Airport, and unincorporated Maricopa
County and Pinal County. It discharges into the
EMF near Ray Road.

Rittenhouse Road Channel. The Rittenhouse
Road Channel runs northwesterly along the north
side of the SPRR and Rittenhouse Road. It collects
and conveys drainage from Mesa, Gilbert, Queen
Creek, Williams Gateway Airport, and unincorpo­
rated Maricopa and Pinal County. It discharges
into the EMF north of Rittenhouse Road.

Guadalupe Channel. The Guadalupe Channel
collects and conveys drainage from Mesa and unin­
corporated Maricopa County. It discharges into the
EMF south of Guadalupe Road.

Queen Creek/Sanokai Wash.
Queen Creek and Sanokai Wash are ephemeral
streams and are dry except after significant rainfall
events. They are major conveyances for a large

Six major drainage channels discharge into the
EMF: the Broadway Channel, the Superstition
Freeway Channel, the Guadalupe Channel, the
Powerline Floodway, the Rittenhouse Channel, and
Queen Creek!Sanokai Wash (Figure 6).

River. The floodway is mostly constructed as a
compacted earthen trapezoidal channel, ranging
from 150 to 300 feet in width and 8 to 12 feet in
depth. A stretch of approximately one mile in
length located along Williams-Gateway Airport is
concrete lined, as is another approximately half­
mile section of the floodway located in Pinal
County.

Superstition Freeway Channel. The Superstition
Freeway Channel collects and conveys drainage
from Mesa and unincorporated Maricopa County.
It discharges into the EMF north of the Superstition
Freeway (US 60).

SIGNIFICANT STRUCTURES
AND FEATURES
The EMF channel begins at the Princess Basin
(north of Brown Rd) and flows southerly approxi­
mately 27 miles before discharging into the Gila

PROJECT WATERSHED
The EMF serves as a primary outfall and flood con­
veyance for the City of Mesa, City of Chandler,
City of Apache Junction, Town of Gilbert, Town of
Queen Creek, Gila Indian Community and for unin­
corporated areas of Maricopa and Pinal County. It
intercepts runoff from three watersheds: Buckhorn­
Mesa, Apache Junction-Gilbert, and Williams­
Chandler.

INTRODUCTION
FCDMC provided the hydrology models that serve
as the base hydrology for the design of the study
basins. The hydrology is developed in a series of
five HEC-l models that represent the contributing
watershed to the EMF from the Princess Basin to
the Maricopa/Pinal County Line along the Hunt
Highway alignment. These models were the prod­
uct of several previous studies and have been fre­
quently modified and revised during the course of
these studies. The hydrology is for future condi­
tions, therefore it includes flood control, retention,
and drainage features that FCMDC envisions being
constructed upon the full development of the EMF
watershed.

Figure 6. The EMF as seen from within the channel itself
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The HEC-RAS model was developed by the US
Army Corps of Engineers. It replaces the earlier
HEC-2 model. HEC-RAS can provide either steady
or unsteady modeling. FEQ (Full Equations
Model) was developed by the US Geological Sur­
vey and is an unsteady state model. FEQ runs in a
DOS environment and has similar capabilities to
HEC-RAS for unsteady flow.

Pilot studies were performed to compare the results
of the two models and to determine how easy it was
to prepare data and run the models. As reported in
Rittenhouse Basin Design Report, it was deter­
mined that the two modeling systems gave similar

FEQ vs. HEC-RAS 3.0 unsteady state
model
Rather than using peak flows only, all hydraulic
modeling considered time changes in flows for the
system elements. This allowed accounting for the
diversion of flow into the storage basin and the re­
turn of the stored volume back into the EMF. This
required using an unsteady state model, such as
HEC-RAS 3.0 or FEQ.

tion but do not currently exist. These features in­
clude low flow channels, channel widening!
incising, changes in channel roughness (for aes­
thetic landscaping), and other items FCDMC has
decided will be realized in future capital improve­
ment projects.

Figure 10. Queen Creek Road bridge crosses the EMF.

Introduction
FCDMC provided the HEC-RAS hydraulic models
for the EMF, Rittenhouse Road Channel, Queen
Creek, and Sanokai Wash. These models were de­
veloped in previous studies and include selected
features that are being proposed for future construc-

HYDRAULICS

Central Arizona Project (CAP) Aqueduct
Overchutes

The Salt-Gila CAP Aqueduct is a raised canal that
interrupts natural westerly drainage of the EMF wa­
tershed. At several locations, pipe overchutes carry
runoff across the aqueduct and contribute to flow in
the EMF. In the hydrology models, these over­
chutes are modeled using hard-coded hydrographs
that are generally based upon rough estimates of the
overchute pipe capacities. Two overchute locations
(CAPlA and CAPlB) were reevaluated by
FCDMC and subsequently revised. For a larger
overchute on Queen Creek Wash, and one that has
a significant impact on the design of the Chandler
Heights Basin (HY337), FCDMC initiated a study
to better determine the resulting hydrology. The
hydrology from this study was then incorporated
into the base hydrology. (Figure 8)

drologic information. These are described in the
sections that follow.

Figure 9. Queen Creek flows into the project area from the left, crossing
at the Higley Road Bridge. Queen Creek appears to have some flow
most of the time, but it disappears into the stream bed within the first
mile.

605040

All the models were constructed according to the
methodologies presented in the "Drainage Design
Manual for Maricopa County, Volume I,
Hydrology".

Heights Basins. For the design hydrology, we
modified the base hydrology to include the pro­
posed Basin designs. Our work will define the
changes to be made for both areas, and the base hy­
drology will be revised under this project.

Changes to the base hydrology
After receiving the base hydrology models from
FCDMC, several revisions to the models were
made to include more accurate and additional hy-
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paths, detain flow and contribute to the sediment
load of Queen Creek Wash. The pits are located
primarily in Pinal County, however, one pit is lies
within Maricopa County, just west of the county
line.

BASE HYDROLOGY
FCDMC provided the 100-yr, 24-hr future condi­
tions hydrology models that serves as the base hy­
drology for this project. Rittenhouse and Chandler
Heights Basins and their associated components
were not included in the base hydrology. The base
hydrology reflects the watershed conditions prior to
the development of the Rittenhouse and Chandler

Figure 8. Flow hydrographs for future conditions at Chandler Heights Basin, with the current arrangement. The Target Discharge value is the design
criterion for the EMF that applies to the Chandler Heights Basin system. The hydrograph for flow under the present conditions shows the situation in the
EMF if nothing were done at either Rittenhouse Basin or Chandler Heights Basin. The hydrograph for the EMF above Chandler Heights Road with Rit­
tenhouse Basin in place shows the effect of the Rittenhouse Basin and its related components.
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Wash at their confluence was also used as initial flow
data in the HEC-RAS analysis. As an initial condi­
tion, it is also assumed that the Chandler Heights Ba­
sin is empty prior to the start of the rainfall event.

HYDROLOGY AND HYDRAULICS

DESIGN HYDRAULICS

Initial conditions
The hydrograph for the EMF at approximately Ocoti­
llo Road from the EMF HEC-l analysis was used as
the initial flow data for the EMF in the HEC-RAS
analysis. A hydrograph for Queen Creek!Sanokai

• A short reach of the EMF channel from north of
Chandler Heights Road to south of Queen Creek
Road

• The Chandler Heights Basin along the EMF,
Queen Creek and Sanokai Wash

• A sideweir along the west bank of Queen Creek!
Sanokai Wash that is hydraulically connected
with the detention basin

• A short reach of Queen Creek!Sanokai Wash
from the EMF confluence to the Queen Creek!
Sanokai Wash confluence.

• A relocation of the drop structure in the EMF
from just north of Chandler Heights Road to just
north of the proposed Chandler Heights Basin
primary outlet.

• Overflow spillways and basin outlets to the EMF
• The downstream boundary condition was set at

normal depth using a friction slope of 0.00031 ft/
ft. This initial slope was selected to have non­
erosive velocities of around 3 feet per second. We
will conduct further study during design phase to
determine "equilibrium slopes" for sediment
transport in the channel.

Development of design hydraulic
models
To investigate detention basin alternatives, unsteady
state analyses were performed to evaluate and size
basin components. Because unsteady state analyses
can easily become unstable in locations where the
water surface elevation changes quickly, such as
through bridges, culverts, weirs, and other hydraulic
structures, only portions of previous HEC-RAS study
models were used to develop the design hydraulic
models rather than the complete HEC-RAS models
for the EMF. The design hydraulic model boundary
conditions and components included:

For the Chandler Heights Basin, a similar process
was performed. The hydrology for Queen Creek
Wash and Sanokai Wash was determined using an
HEC-l model. The model provided hydrographs for
both Queen Creek Wash and Sanokai Wash upstream
of the Chandler Heights Basin that were then input
into the HEC-RAS hydraulic model. In addition, the
hydrograph from the HEC-l model for the EMF up­
stream of the Chandler Heights Basin was input into
the HEC-RAS model. The HEC-RAS unsteady state
model used these hydrographs in the hydraulic analy­
sis of the Chandler Heights Basin design and pro­
vided two output hydrographs which are then hard­
coded into a HEC-l model for the EMF contributory
watershed downstream of the Chandler Heights Ba­
Sin.

To describe the process in more detail, HEC-l hy­
drology models provided an input hydrograph, repre­
senting the EMF watershed upstream of the Ritten­
house Basin, for the Rittenhouse Basin HEC-RAS
unsteady state hydraulic model. The Rittenhouse Ba­
sin HEC-RAS unsteady state analysis provided an
output hydrograph representing the complete water­
shed upstream of the Rittenhouse Road including the
impact of the Rittenhouse Basin. The output hydro­
graph was then hardcoded into a HEC-l model for
the EMF contributory watershed downstream of Rit­
tenhouse Road.

drology and HEC-2 and/or HEC/RAS for hydraulics.
With the development and use of unsteady state hy­
draulic modeling, however, the distinction between
hydraulic and hydrologic modeling is more difficult.
For the design of the Rittenhouse and Chandler
Heights Basins, the contributory EMF watershed is
modeled using HEC-l, however, the hydrologic im­
pact of the Rittenhouse and Chandler Heights Basins
are determined in the unsteady state hydraulic analy­
ses using HEC-RAS Version 3.0. The result is the
development of hydrographs in the HEC-RAS mod­
els representing the hydrologic impact of the basins
that are then imported or coded into the HEC-l mod­
els in order to evaluate

results. It was therefore decided to proceed using the
HEC-RAS 3.0 model due to the ease of data prepara­
tion.

Figure 11. Looking south from the northeast corner of what will be the
Chandler Heights Basin. Higley Road is to the left.

DESIGN HYDROLOGY

Hydrologic Impact of Rittenhouse Ba­
sin
As previous indicated, the hydrologic impact of the
Rittenhouse Basin has a direct effect on the design of
the Chandler Heights Basin. Therefore, it is neces­
sary to determine, with a measure of assurance, the
impact of the Rittenhouse Basin design on the EMF
hydrology prior to initiating detailed alternative de­
velopment and evaluation. Preliminary basin designs
for the Rittenhouse Basin developed during the com­
parative modeling analysis (see FEQ vs. HEC-RAS
3.0) provided sufficient inforn1ation to allow for pre­
liminary alternative development for the Chandler
Heights Basin. While the effectiveness and/or effi­
ciency of some alternatives could also be assessed at
this level, as the most efficient alternatives surfaced,
it was necessary to have more accurate information
on the hydrologic impact of the Rittenhouse Basin.

Development of design hydrology
models in conjunction with unsteady­
state hydraulic modeling
Generally, hydrologic and hydraulic modeling can be
separated into distinct models such as HEC-l for hy-
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In the first case, there is concern of overtopping the
embankment, however, in the case of the Chandler
Heights Basin, failure of the embankment would
result in the impounded water being released to an
adjacent flood control channel. Therefore, it is as­
sumed that minimal factors of safety for freeboard
are sufficient for this case. In the second case,
there is no embankment to be weakened by over­
topping, therefore, there is no concern of possible
structural failure and, again, it is assumed that mini­
mal factors of safety are sufficient. Therefore, we
propose that a freeboard criteria of 3 feet be used
for the Chandler Heights Basin to compensate for
all factors. The actual provided freeboard is shown
on the concept plan and typical sections in the Pro­
posed Plan section of this report.

ADJACENT GROUND -L POND

-J 1&a§~D:

/I.~'/l

• 1) embankment (levee) separates the
basin from an adjacent channel (Figure 13)

• 2) the basin sideslope rises to natural
ground (Figure 14)

For the Chandler Heights Basin, there are two
situations for which freeboard should be provided:

According to the DOSD, for a fetch of less than one
mile a "Normal Freeboard" (based on 100 mph
winds) of 4 feet and a "Minimum Free­
board" (based on 50 mph winds) of 3 feet is recom­
mended for riprapped earthfill dams. This free­
board provides both protection against overtopping
and protection against the effect of wave action.

DESIGN CRITERIA

Figure 14. With adjacent ground levels at the same elevation as the pond
embankment top, there is little concern over the effects of overtopping,
so freeboard can be less.

~VI_&~",~~

Figure 13. Freeboard can be in the lower end of the range where a flood
control channel is on the other side of a pond embankment since over­
topping is less likely to affect surrounding lands.

The "Design of Small Dams" (DOSD) (US Dept of
the Interior, Bureau of Reclamation, 1973) provides
some guidance on the freeboard required for wave
action. The height of waves generated by winds de­
pends on factors such as wind velocity, wind dura­
tion, the geometry of the basin shape, and the dis­
tance across the water surface over which the wind
can act (known as fetch), however; not just the
height of waves is important. As waves approach a
sloped face, water will run up the sloped face to a
height greater than the wave height (known as
uprush). Uprush is influenced by the depth of the
water below the surface, the slope of the face being
approached, and the roughness of the face material.

Provisions for wave action
Sufficient freeboard should be provided to prevent
erosion and overtopping of impoundment structures
by wave action, a particular concern for large de­
tention basins and. dam structures. The provided
freeboard should be sufficient to compensate for
wave action, however, the freeboard need not be
added to freeboard provided for other purposes de­
scribed above. The most conservative estimate for
freeboard based upon either situation is considered
suitable.

standards of the community in which the basin is to
be built, which is one foot of freeboard for the
Town of Gilbert. That criterion may be suitable for
smaller detention basins associated with residential
and commercial developments, however, it was felt
that one foot of freeboard was not prudent for a de­
tention basin of this size.

It was decided to adopt the Arizona Department of
Transportation (ADOT) unofficial policy regarding
detention basin freeboard. ADOT uses the follow­
ing rule-of-thumb for the design of detention ba­
SInS:

• If feasible, provide all detention storage below
the grade surrounding the basin site and provide
one foot of freeboard

• If detention storage cannot be provide below
the surrounding grade elevation, a minimum of
three feet of freeboard should be provided.

FCDMC does not have specific criteria for deten­
tion basin freeboard. The FCDMC defers to the

Freeboard and water levels in deten­
tion basins
Freeboard is the distance above the water surface
level in an impoundment to the top of the contain­
ing embankment or structure. It is provided as a
factor of safety against overtopping that may re­
duce the structural stability of the embankment.
Freeboard compensates for:
• Settlement of the embankment
• Flood levels higher than design
• Malfunction of outlet works
• Surface waves being generated to a height

greater than the still water surface (see Provi­
sions for Wave Action)

Event size and frequency
The FCDMC established the 100-yr, 24-hr future
watershed conditions as the design hydrology for
the Rittenhouse and Chandler Heights Basins. The
future watershed conditions hydrology is based
upon the planned urban development of the water­
shed and includes capital improvement projects for
flood control, retention and drainage facilities that
FCMDC envisions being constructed upon the full
development of the watershed but may not cur­
rently exist.

Figure 12. A drop structure in the EMF. This one is located just upstream
from the Chandler Heights Road bridge. The EMF flows from the upper
right to the lower left, and the riprapped zone in the lower right is used to
convey local runoff into the EMF.

DESIGN OBJECTIVES
FCDMC set forth several design objectives that we
are to meet:

DESIGN CRITERIA
Design criteria established by the FCDMC or estab­
lished during the course of alternative development
and analysis are identified and explained below.

Provide for multiuse potential
Rather than provide a sterile detention basin solely
for the use of flood control, the FCDMC and the
Town of Gilbert desire a basin design that can pro­
vide multi-use opportunities such as recreational
and/or recharge facilities. The design effort, there­
fore, has been coordinated with the FCDMC, the
Town of Gilbert, the Roosevelt Water Conservation
District and other stakeholders. While multi-use
facilities are desirable, such facilities should not
supplant the primary purpose of flood control. In­
formation regarding coordination efforts are con­
tained in Appendix F - Multiuse Planning and are
described in the Alternatives Development section
of this report.

• Minimize the volume of the basins
• Optimize the confluence of Queen Creek, Sano­

kai Wash, and Rittenhouse Channel to mini­
mize the volume of the basins

• Provide for multi-use opportunities for the ba­
sins to include recharge, recreation, and mitiga­
tion

• Maximize the basin configuration to use a grav­
ity outlet

• Balance basin volume versus channel capacity
(i.e.: inflows to the EMF) to minimize basin
sIze

• Minimize Operations and Maintenance (O&M)
requirements for sediment removal.

Optimizing basin volumes
Due to the large scale of the proposed detention ba­
sins, optimizing basin storage volume is important
to minimize construction costs while still meeting
the primary goal of flood attenuation and EMF ca­
pacity mitigation.
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basin and embankment sideslopes and their uses are
provided in Appendix F - Landscaping and Ero­
sion Control.

Figure 18. This photo shows the fine-grained particles that have previ­
ously settled out in the existing sedimentation basin. These particles
were found about 300 feet from the basin inlet. Particles found closer to
the inlet were typical of a larger size.

Figure 17. Looking along the top of an existing levee forming Queen
Creek. Levees should be avoided if at all possible because they present
a greater risk to flooding if they should fail. Our design will place stored
water below adjacent ground level to the greatest extent possible.

Basin side slopes
Based upon geotechnical investigations, the basin
side slopes should be a maximum of 4: 1 (RV)
(Appendix B - Geotechnical Engineering Report).
This ratio will provide stable slopes that won't
likely be affected by changing water depths in the
basin. Flatter slopes may be desirable for landscap­
ing, maintenance, or aesthetic purposes. If side
slopes are to be grass or vegetated, the FCDMC
prefers 5: 1 slopes to facilitate mowing and mainte­
nance. Maintenance access roads also require flat­
ter slopes for vehicular traffic. Details concerning

Landscaping and erosion control
While the FCDMC will not directly provide land­
scaping or other facilities not associated with nec­
essary flood control features, the FCDMC will pro­
vide perimeter landscaping both to soften the visual
impact of the flood control facilities and to help
provide erosion control of slopes. However, it is in
the best interests of the FCDMC, the Town of Gil­
bert and other stakeholders, that such landscaping
and erosion control features be consistent with pos­
sible multi-use features. Details of planting criteria
are described in Appendix F - Landscaping and
Erosion Control, and are shown on the plans.

needed. Our analysis showed that a basin must pro­
vide for at least 766,800 cubic feet of storage based
on the 100-year, 24-hour event. Using a 6 foot stor­
age depth, this results in a basin area of at least 2.9
acres. The resulting basin length will be approxi­
mately 600 feet.

Basin emptying
The detention basins should be drained as soon as
possible after the passage of the rainfall event.
Generally, the FCDMC requires that detention ba­
sins drain completely within 36 hours after the rain­
fall event to minimize standing water and vector
control problems. Due to the size of the basin, the
duration of flow released from the Rittenhouse Ba­
sin and the duration of flow in the EMF, Queen
Creek and Sanokai Wash after the passage of the
storm event, it may not be feasible to drain the
Chandler Heights Basin within 36 hours. However,
outlet facilities will be provided to drain the basin
as soon as possible.

We analyzed the typical particle grain size found at
various points in the existing sediment basin to get
a better idea of what the system currently carries.
More details of this sampling are found in Appen­
dix B Geotechnical Engineering Report. We
used a particle size of 0.01 mm for our design,
which means that the sediment basin should capture
particles of this size or larger. The design criteria
provide a volume of sufficient size and area that the
design particle will settle within the basin rather
than moving on through the outlet. We used a fall
distance of 4 feet to determine the basin length

• 3329 cfs downstream of the EMF-Rittenhouse
Channel confluence

• 5667 cfs downstream of the EMF-Queen Creek!
Sanokai Wash confluence and north of the
Chandler Heights Road

• 8100 cfs just south of the Maricopa County
Line.

signs, target instantaneous peak flow rates at three
locations along the EMF:

Sediment capture
Previous studies have estimated the sediment load
for the Queen Creek and Sanokai Wash systems,
and these were updated in this study to reflect the
current hydrologic modeling. This work is reported
in detail in Appendix A - Hydrology and Hydrau­
lics Report.

Figure 16. Looking west at the north end of the proposed Chandler
Heights Basin. Queen Creek Road is to the right.

• Minimum of I-foot of clearance between the
low chords of a bridge or top of culvert and the
water surface elevation

• Freeboard ~ 0.20 (Y + V2/2g) for subcritical
flow

• Freeboard ~ 0.25d for supercritical flow

Target peak flow rates
FCDMC established, as the basis for the Ritten­
house and Chandler Heights Detention Basin de-

With the exception of areas through drop structures,
it is expected that flows in the EMF, Queen Creek
Wash and Sanokai Wash will be above critical
depth (subcritical flow).

Where: Y = channel flow depth (ft)
V = channel velocity (ft/s)
g = acceleration due to gravity (ft/s 2

)

d = depth of flow (ft)

Freeboard in channels
While the basis for the design of the Rittenhouse
and Chandler Heights Basins is to attenuate flow in
the EMF to meet target peak flow rates established
by the FCDMC (see next section), the goal is to at­
tenuate flow sufficiently that the EMF will meet
NRCS freeboard design standards from Rittenhouse
Road to the Maricopa County Line. These stan­
dards require channel freeboard to be:

Figure 15. Looking across the existing sedimentation basin for Queen
Creek and Sanokai Wash. The entrance to the basin is in the left back­
ground.
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INTRODUCTION
While previous studies recommended conceptual
plans to attenuate flow in the EMF using detention
basins near Chandler Heights and Rittenhouse Road,
no design details had been explored. In further devel­
oping the conceptual plan of detention basins at Rit­
tenhouse Road and Chandler Heights Road, a number
of different alternatives were developed and evalu­
ated to identify a preferred alternative. In this section
we discus the alternative development process we
used and present an evaluation of various alternatives
considered for the Chandler Heights Basin.

ALTERNATIVES DEVELOPMENT
In developing approaches to meet the target peak
flows referred to under Design Criteria, we used both
the hydrologic and hydraulic models in the alterna­
tives development process.

Initial investigations
Prior to developing alternatives for the Rittenhouse
and Chandler Heights Basins, we reviewed the EMF
hydrology to identify critical hydrologic components
and to determine their impact on the EMF. We identi­
fied four significant hydrologic components that
could be altered through the design and construction
of the proposed Chandler Heights and Rittenhouse
Basins in an effort to attenuate flow in the EMF:

• the EMF
• Rittenhouse Channel
• Queen Creek
• Sanokai Wash.

During the initial phase of alternative development,
we evaluated a number of alternatives using the hy­
drology models to determine the effectiveness and
efficiency of different scenarios. Alternatives in­
cluded different basin designs (inline and offline),
various basin combinations and sizes (Rittenhouse
Basin and/or Chandler Heights Basin), and different
combinations of detention scenarios (detaining flow
from the EMF and/or Rittenhouse Channel, detaining
flow from the EMF and/or Queen Creek and/or Sano­
kai Wash)

From these initial analyses, we reached the following
conclusions relative to the Rittenhouse and Chandler
Heights Basins:

• Neither a Rittenhouse Basin nor a Chandler
Heights Basin alone can meet the target flows in
the EMF. Both basins, therefore, must be utilized.

• Because the Rittenhouse Channel peaks earlier
than the EMF at the confluence, storing flows
from the Rittenhouse Channel is relatively inef­
fective in reducing peak flow in the EMF. The
Rittenhouse Basin, therefore, should be dedicated
to detaining flow directly from the EMF (see Rit­
tenhouse Basin Predesign Study Report).

• The peak contributory flow from Queen Creek
plus Sanokai Wash exceeds the target flow rate
below Chandler Heights Road. Therefore, flow
from Queen Creek and/or Sanokai Wash must be
attenuated to meet the target flow rate down­
stream of Chandler Heights Road.

• While flow from Queen Creek and/or Sanokai
Wash must be attenuated, diverting flow directly
from the EMF into the Chandler Heights Basin is
not a viable alternative and is not necessary. A
Rittenhouse Basin will sufficiently reduce the
peak flow and water surface elevation in the
EMF, that further attenuation of the EMF is not
necessary. Further, the low weir elevation needed
would significantly reduce the amount of basin

Figure 19. The Higley Road bridge crossing over Queen Creek was de­
signed for future roadway widening. The present lanes use the eastern
portion of the bridge, but room for a future lane is available to the west
as shown here. '

storage, EMF capacity and the Chandler Heights
Basin would get wet during high frequency rain­
fall events. In addition, a Rittenhouse Basin
would also "flatten" the EMF hydrograph so that
while the peak flow is much lower, the duration
of the highest flow rates are extended for a much
longer period of time. Consequently, the amount
of storage required to attenuate flow would in­
crease due to the long duration of the peak flow
rates.

• By meeting the target flow rate at Rittenhouse
Road, there is sufficient capacity in the EMF
downstream of Chandler Heights Road that some
flow from Queen Creek and/or Sanokai Wash
could bypass detention storage and flow directly
into the EMF.

Chandler Heights Basin Alternatives
and preliminary evaluation
We investigated a number of preliminary alternatives
and revisions of alternatives prior to selecting our
preferred alternative. We developed alternatives to a
level in which a qualitative evaluation could be
made. The alternative was then either revised for fur­
ther development or dropped from consideration.

A primary component of most alternatives was the
concept of a detention basin "bypass" flow. We de­
fined bypass flow as the amount of flow that can by­
pass detention storage unattenuated and enter the
EMF without exceeding the target peak flow rate in
the EMF at Chandler Heights Road. We set the mini­
mum bypass flow equal to the difference between the
target peak flow rate in the EMF at Chandler Heights
Road and the peak flow rate in the EMF entering the
Chandler Heights Basin area. The magnitude of the
incoming EMF peak flow is dependent upon the Rit­
tenhouse Basin design. However, we estimated prior
to the final development of the Rittenhouse Basin al­
ternative that the bypass flow could be approximately
2300 cfs. Actually, the bypass flow rate can increase
as the incoming EMF flows decrease later in the
storm.

Another component common to the basin alternatives
is a sedimentation basin. We are concerned that in­
flows from Queen Creek and Sanokai Wash are

likely to have significant sediment loads, and want
to keep at least some of that load from entering the
EMF. A sedimentation basin now exists just ahead
of the confluence of the combined Queen Creek!
Sanokai Wash with the EMF.

Several of the preliminary alternatives are de­
scribed here and show the progression of develop­
ment of the preferred alternative. They are illus­
trated in figures on pages 9 and 10.

One factor that also entered into consideration of
the alternatives is whether flows from all storms
will enter the basin, or whether only flows from lar­
ger events will. In all cases except the recom­
mended alternative most or all storm flows will en­
ter some portion of the basin. This affects the avail­
ability of the basin for uses beyond flood control.

Queen Creek or Sanokai Wash Detention
Basin Alternative.

In these alternatives we considered whether dedi­
cating the Chandler Heights Basin to detaining flow
from either Queen Creek or Sanokai Wash was fea­
sible. Our initial investigations indicated such an
alternative could not attenuate flows sufficiently to
meet the EMF target flow rate at Chandler Heights
Road when combined with the flows already pre­
sent in the EMF. In addition, the volume of storage
required significantly exceeded that for other alter­
natives. This alternative demonstrated to us that
flows from both Queen Creek and Sanokai Wash
must be handled. This alternative is illustrated in
Figures 20 and 21.

Separate Queen Creek and Sanokai Wash
Detention Basins Alternative.

We also considered an alternative that subdivided
the Chandler Heights Basin into two separate ba­
sins, one handling Queen Creek flow and the other
handling Sanokai Wash. This alternative initially
appeared attractive in that it would eliminate the
Queen Creek channel between the Higley Road
bridge and the Sanokai Wash confluence. The ex­
pected future extension of Ocotillo Road would di­
vide the Chandler Heights Basin area into two
zones anyway. The arrangements are illustrated in
Figure 22. Upon development, however, this alter-
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Our initial investigations indicated that detaining flows from either Queen Creek or Sanokai Wash alone could not attenuate flows sufficiently to meet the
EMF target flow rate at Chandler Heights Road when combined with the flows already present in the EMF. In addition, the volume of storage required
significantly exceeded that for other alternatives. Further, in all of these alternatives even the smaller flows are sent to detention storage and thus the
basins are not available for multiuse benefits. The basins would be wet for almost any rainfall event. This alternative demonstrated to us that flows from
both Queen Creek and Sanokai Wash must be handled.
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Figure 20. Queen Creek Detention Basin Alternative.

This figure shows detaining flows from Queen Creek but not Sanokai
Wash.

Figure 21. Sanokai Wash Detention Basin Alternative.

This figure shows detaining flows from Sanokai Wash but not Queen
Creek.

Figure 22. Separate Queen Creek and Sanokai Wash
Detention Basins Alternative.

The possible benefits were outweighed by higher expected costs associ­
ated with duplicate inlet and outlet structures for each basin, the hydrau­
lic inefficiency of detaining Queen Creek and Sanokai Wash separately,
and the negative impact on possible multi-use opportunities. This alter­
native demonstrated that it was more efficient to handle the combined
flow of Queen Creek and Sanokai Wash.

Figure 23. Inline Chandler Heights Detention Basin
Alternative.

The simple concept and the expected costs savings made this an ap­
pealing alternative, however, an adequate basin and outlet configuration
proved difficult to achieve during the preliminary analyses. The inability
to effectively control the discharge from the outlet structure often resulted
in either excessive amounts of detention storage or an excessive release
of flow into the EMF that exceeded the target peak flow rate. Unable to
develop an effective basin/outlet configuration based upon preliminary
analyses, we dropped this alternative from further consideration.

I
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In addition, investigation into several existing resi­
dential structures and a proposed development imme­
diately to the south of the Chandler Heights Basin re­
vealed the finish floor elevations to be lower than the
ground elevation around the existing sedimentation
basin embankment. It was decided that alternatives
that reduced the amount of flow and the water sur­
face elevation at the existing sedimentation basin lo­
cation would reduce the risk of potential flooding of
existing and proposed developments. Therefore, this
alternative was not developed further.

Sideweir Alternatives.

Variations of this alternative included separate
sideweirs for Queen Creek and Sanokai Wash and a
sideweir after the confluence of Queen Creek and
Sanokai Wash. Separate sideweirs were determined
to be inefficient and thus a single sideweir after the
confluence of Queen Creek and Sanokai Wash was
developed. The sideweir, as in the Rittenhouse Basin
design, is designed to allow the bypass flow to con­
tinue past the sideweir and the detention basin,
through the sedimentation basin and discharge unat­
tenuated into the EMF though a CBC outlet. The weir
elevation and length is set such that flow in excess of
the bypass flow would be diverted into detention
storage. This alternative offered several advantages
over other preliminary alternatives and was selected
as the preferred alternative. Limiting the amount of
bypass flow using a sideweir, and having a CBC out­
let into the EMF, provides better control of the by­
pass flow. This reduces the likelihood that flow is not
prematurely diverted into detention storage and re-

inventive outlet structures were considered, however,
the most practical structure appeared to be a CBC
outlet to the EMF for the bypass flow and a weir in
the sedimentation basin to divert flow into detention
storage. This alternative, illustrated in Figure 24, was
further developed to better estimate the length and
size of the outlet/diversion structures. Upon further
development, however, we found it difficult to con­
trol the amount of bypass flow through the CBC out­
let due to changes in head. To minimize the fluctua­
tion of head on the CBC outlet, we significantly in­
creased the length of the diversion weir. Ultimately,
this alternative appeared to offer a marginal reduction
in weir length over a sideweir alternative.

PROPOSED PROJECT

Sedimentation Basin Weir Alternatives.

We developed several variations of this alternative,
using different outlet/diversion structure configura­
tions and mechanisms. We wanted to take advantage
of the sedimentation basin to separate the "bypass
flow" from flow to be diverted into detention storage.
We expected this to minimize the detention diversion
weir length and to provide a sedimentation basin for
all Queen Creek and Sanokai Wash runoff. Several

native was dropped from consideration. The possible
benefits were outweighed by higher expected costs
associated with duplicate inlet and outlet structures
for each basin, the hydraulic inefficiency of detaining
Queen Creek and Sanokai Wash separately, and the
negative impact on possible multi-use opportunities.
This alternative demonstrated that it was more effi­
cient to handle the combined flow of Queen Creek
and Sanokai Wash.

Inline Chandler Heights Detention Basin Al­
ternative.

We considered providing a large inline detention ba­
sin for Queen Creek/Sanokai Wash and a outlet/
spillway to the EMF, as shown in Figure 23, that
would continually discharge into the EMF until the
basin was completely drained. Unlike other alterna­
tives that restricted basin discharge to a maximum of
the "bypass" flow (~2300 cfs), the inline concept was
to design a basin and outlet structure that would take
advantage of the "excess bypass capacity" in the
EMF prior to, and after, the passing of the peak flows
in the EMF, thereby, minimizing basin storage and
maximizing the drainage of the basin. The basin and
outlet would essentially be configured to release as
much flow as possible throughout the storm event
provided the target peak flow rate was not exceeded.
The simple concept and the expected costs savings
made this an appealing alternative, however, an ade­
quate basin and outlet configuration proved difficult
to achieve during the preliminary analyses. The in­
ability to effectively control the discharge from the
outlet structure often resulted in either excessive
amounts of detention storage or an excessive release
of flow into the EMF that exceeded the target peak
flow rate. Unable to develop an effective basin/outlet
configuration based upon preliminary analyses, we
dropped this alternative from further consideration.

EMF, from Rittenhouse Basin area
Q100 =3329 cfs

This alternative offered several advantages over other preliminary alter­
natives and was selected as the preferred alternative. Limiting the
amount of bypass flow using a sideweir, and having a CBC outlet into the
EMF, provides better control of the bypass flow. This decreases the like­
lihood that flow is not prematurely diverted into detention storage and
reduces the probability of exceeding the maximum allowable bypass
flow. A detailed description and discussion of this alternative is provided
in the Preferred Alternative Section.

Figure 25. Sideweir Alternatives.

EMF, from Rittenhouse Basin area
Q100 =3329 cfs

This alternative was further developed to better estimate the length and
size of the outlet/diversion structures. Upon further development, how­
ever, we found it difficult to control the amount of bypass flow through the
CBC outlet due to changes in head. To minimize the fluctuation of head
on the CBC outlet, we significantly increased the length of the diversion
weir. Ultimately, this alternative appeared to offer a marginal reduction in
weir length over a sideweir alternative.

Figure 24. Sedimentation Basin Weir Alternatives.
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Draining the Basin
FCDMC expressed a desire to avoid pumping for
draining the basin if at all possible. While lowering

section. This provides a sideweir at elevation
1307.2, which is approximately eight feet above the
Queen Creek channel bottom. The weir length is
1250 feet. The Basin will contain approximately
1647 acre-feet of water stored below the peak water
surface elevation (1305.1 feet for the 100-year
event, as determined in the model). This elevation
is above the expected flow depth in Queen Creek
for the 10-year event. The analyses that led to this
conclusion are described in Appendix A - Hydrol­
ogy and Hydraulics and are illustrated in Figures 26
and 27.

I
I
I
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duces the probability of exceeding the maximum
allowable bypass flow. A detailed description and
discussion of this alternative is provided in the Pre­
ferred Alternative Section, and the alternative is il­
lustrated in Figure 25.

PREFERRED ALTERNATIVE

Description of proposed project
The proposed project is based upon the develop­
ment of the sideweir alternative and consists of a
1647 acre-ft detention basin and a 1250 foot
sideweir. The Queen Creek channel will be im­
proved to contain the 100-yr event with freeboard
and will vary from 200 feet to 70 feet in width.
Four drop structures will allow the channel slope to

be flattened so that velocities are lower in the chan­
nel. The two upper drop structures are likely to be
not needed should the Roosevelt WCD undertake
their planned changes to lower the Queen Creek
channel.

A 1250 foot long sideweir will divert flow from an
improved Queen Creek/Sanokai Wash channel into
the detention basin. Flows in the channel below the
sideweir will be conveyed into the sedimentation
basin, and then discharged directly into the EMF.
The height of the sideweir limits the amount of by­
passed flow to the difference between the target
flow at Chandler Heights Road bridge (5667 cfs)
and the flow coming down the EMF from the Rit­
tenhouse Basin area (3259 cfs). This approximately

2300 cfs bypass flow will pass through the sedi­
mentation basin and be subject to sediment capture.
With this arrangement "first flush" flows will
probably be subject to sediment capture in the ba­
sin. Flows diverted into the detention basin will
also be subject to sediment capture in that im­
poundment. The bypass flow will reach the EMF
through thirteen 4'x4' box culverts. These will have
flap gates that will prevent water from passing from
the EMF into the sedimentation basin when water
levels on the EMF side are higher than in the basin.
These box culvert sizes are only preliminary, and
the sizes will be optimized during final design.

The basic proposed arrangement is shown in more
detail in Figures 34 through 46, at the end of this
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Figure 26. Flow hydrographs at Chandler Heights Basin. The hydrographs for the EMF at Queen Creek Road and for Queen Creek and Sanokai Wash
represent inflows to the system. The Target Discharge value is the design criterion for the EMF that applies to the Chandler Heights Basin system. The
hydrograph for the EMF near Chandler Heights Road includes the effect of the Chandler Heights Basin and its related components. Note: the sudden
jump in flows in the EMF at approximately 36 hours results from opening the outlet gates at the lower outlet.

Figure 27. Stage hydrographs at Chandler Heights Basin system. The hydrograph for the EMF at Queen Creek Road represents inflow to the system.
The hydrograph for downstream of the south basin outlet represents the results in the EMF due to the Chandler Heights Basin system. The hydrograph
for Chandler Heights Basin water level shows changes in time for the pond. A sharp increase in water levels in the EMF downstream of the south outlet
at around hour 36 is caused by opening those gates. The hydrograph for water levels within the Basin show it to be emptied before hour 60.
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Remedial measures to protect against plpmg in­
clude constructing an impervious core within the
natural embankments that border on channels. This
measure would be applied to the embankment
along the EMF except where the sideweir is lo­
cated, and the embankment along the Rittenhouse

Another concern is along the embankments them­
selves. The existing material that will be excavated
is heterogeneous in nature and is different in vari­
ous locations. This material does not have the in­
herent characteristics that would discourage piping.
There is also the potential for burrowing animals to
create paths for water to enter the embankment
more quickly than by seepage.

Embankment seepage
A concern is with the possibility of piping action
through the embankments that are adjacent to chan­
nels. Piping is the result of water moving through
the soil and creating a small channel by shifting the
fine particles within the soil mass or by creating lo­
calized changes in the soil's compaction. Once
started, piping usually progresses and can cause lo­
calized failures of the embankment. The edges of
structures are especially susceptible to piping action
because of the change in material along the face.
We provide anti-piping measures at the ends of the
sideweir structure that create a longer, less direct
flow path.

However, for the EMF and the Basin, this amount
of differential settlement could cause hydraulic
problems. The total difference in elevation for the
EMF channel bottom for the length of the proposed
Chandler Heights Basin is approximately 4 feet, so
a differential settlement of 4-6 feet could totally
flatten or even reverse the EMF channel slope in
that area. Our recommendation is to design as part
of the basin project some monitoring points and
propose a schedule of subsidence monitoring to be
done by the Flood Control District in future.
FCDMC could then anticipate problems should
they begin to develop in time to be able to respond.
A monitoring program is outlined in Appendix
C - Subsidence and Fissures that has been rec­
ommended to FCDMC for other, similar structures.

PROPOSED PROJECT

sign of any golf course or other recreation facilities
should take this into account in planning for local
drainage collection and disposal.

The evaluations completed for this report are not
detailed enough to make specific design recommen­
dations, but the report in Appendix C notes that a
differential settlement in the range of 4-6 feet might
be experienced over the length of the basin. The
subsidence at the northern end is likely to be
greater than subsidence in the southern end, hence
the differential. Since the basin is more than 1 1/2
miles long, this amount of settlement is not great.

Embankment slopes
Basin side slopes are set at 4: 1 (H:V) to meet geo­
technical criteria as reported in the section on De­
sign Criteria. Maintenance access roads are placed
at strategic locations around the basin. These roads
lead from the upper ground surface to the basin bot­
tom and are used for foot, horse, and vehicle move­
ments to and from the basin area.

Embankmentconsuucuon
The storage basin will be constructed by excavating
below existing grade throughout. Embankments
will therefore be created by excavation, including
those adjacent to the EMF and the Queen Creek
Channel.

There is a potential for differential subsidence,
however. The subsidence is caused mostly be
changes in groundwater levels and subsequent col­
lapse of the soil structure. While in the past ground­
water levels have sharply dropped, with recent fo­
cus on groundwater recharge these levels are recov­
ering. For that reason, subsidence conditions that
might have been present in the past may now be
changing, making subsidence predictions difficult.

Subsidence and fissures
The preliminary analysis of the potential for fis­
sures and for general settlement is described in de­
tail in Appendix C Subsidence and Fissures
Evaluation. In summary, we found that there are
not likely to be fissure action in the Chandler
Heights Basin area that would be of concern.

Basin drainage
There are no areas immediately outside the pro­
posed basin that receive drainage from areas be­
yond, so no interception system is needed. Rainfall
on those areas at the top and sides of the embank­
ments will travel by sheetflow down the embank­
ment faces, and the surface treatment of the em­
bankments will be designed to control erosion from
these minor flows.

The crack-stopper barrier system for the embank­
ments outside of the sideweir will be designed dur­
ing final design. See Appendix B - Geotechnical
Engineering Report for more details.

Rain that falls directly into the Basin area will add
to the volume stored in those instances where flows
have been diverted into the Chandler Heights Basin
from Queen Creek or Sanokai Wash and will sim­
ply add to the volume stored. No special provisions
need to be made for this added volume, since it will
simply be handled by the Basin itself. In the in­
stances where flows are not diverted into the Basin
from the EMF, the local rainfall will simply collect
in the Basin and be removed by the same means as
stored flows. If water levels are high enough the
outlet system will release the captured flows into
the EMF. For lower levels, any collected amounts
will percolate directly into the Basin bottom. De-

Sideweir seepage protection
In the area of the sideweir, we propose cutoff walls
as an integral part of the weir structure and a crack­
stopper barrier in other embankments. The cutoff
walls serve two functions: to help reduce seepage
effects, and to help protect against scour where the
edge of the sideweir meets the channel or the basin.
In the channel, there will be flows running parallel
with the sideweir and though velocities are not gen­
erally high, the cutoff wall will help guard against
local scour affecting the structure. And, on both
sides of the sideweir, flows over the weir will ter­
minate at the bottom and can cause erosion perpen­
dicular to the sideweir. Though we provide erosion
protection at the foot of the weir itself, the cutoff
wall helps to preserve the integrity of the weir
structure.

Some water can be removed from storage by perco­
lation into the ground at the basin bottom, and geo­
technical studies were directed to estimate the capa­
bility of existing soils at that elevation to provide
percolation capability. More information about per­
colation rates and other geotechnical topics can be
found in Appendix B - Geotechnical Engineering
Report.

We decided on a gravity drain system for each out­
let that would be made up of multiple box culvert
sections. At the upstream outlet, flap gates on the
EMF channel end of each box would restrict flow
to only move from the basin to the channel, and
would stay closed when the water elevation in the
channel is higher than in the basin, thus avoiding
flooding the basin except by over the sideweir. The
relative water levels in the EMF and storage will
not allow using flap gates for the downstream out­
let. These will have to have operated slide gates.

the basin floor would increase the amount of stor­
age volume available below any water surface ele­
vation, a floor below the EMF channel bottom
could not be drained by gravity and would have to
be pumped. Pumping would not only increase ini­
tial construction cost, but would also increase main­
tenance and operations cost and complexity.

We will design two outlets and the maJonty of
stored volumes will be released back into the EMF.
However, because the Basin bottom must be rela­
tively flat we are planning to use direct percolation
into the Basin bottom to remove the last foot or so
of stored water.

Appendix A contains much more detailed descrip­
tions of how the basin outlets were modeled.

Our analysis showed that a system of thirteen 4'x4'
box culverts for the upstream outlet and twelve
4'x4' box culverts for the downstream outlet would
provide enough capacity to drain the basin within
the desired 36 hours following the storm event.
This is illustrated in Figure 27. These box culvert
sizes are only preliminary, and the sizes will be op­
timized during final design.
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The two basic alternatives of stepped and sloped face
are shown in the typical details drawing in Figure 31.
Two optional treatments for a stepped face are also
shown in Figures 32 and 33.

Plunge pool
We plan to have a plunge pool or receiving basin at
the bottom of the basin side at the sideweir. This pro­
vides the final dissipation of energy from either the
stepped or sloped sideweir face and helps to avoid
erosion and scour at the point of transition between
weir and basin floor. The width can be less for a
stepped face because the velocities at the transition
will be less than for the sloped face. The plunge pool
should be formed using ungrouted riprap to avoid
having an actual pool of standing water that might
attract birds. With riprap, the water would be down
between the rocks. We expect the last amounts ofwa­
ter in the plunge pool will percolate into the ground
below.

The crest and roadway need the strength of poured
concrete to remain dimensionally stable over time.
We don't want the crest to settle in local spots be­
cause it would affect the hydraulic operation of the
sideweir.

Optional materials of construction for the basin face
include poured concrete and rock boxes for a stepped
face. For a sloped face poured concrete, gunite, rock
mattresses, and grouted riprap can be used. We ex­
pect velocities might be in the 5-10 fPs range, so ero­
sion protection is required.

We feel the face along Queen Creek and the sideweir
crest and roadway areas should be poured concrete.
The face along the Queen Creek is subject to flow
along the face as well as over it, and concrete will be
more durable under those conditions.

While the sideweir is 1250 feet long, it is only 4 feet
high when viewed from the west (5 feet high when
viewed from the Queen Creek side). From the basin
bottom it will appear as a long, low structure which
would probably be mostly screened with plantings
associated with multiuse development. Viewed from
normal ground elevations, such as along Higley
Road, the structure will be almost a half mile away
and would be hardly visible.

PROPOSED PROJECT

Figure 33. Steps can also be done in an irregular fashion instead of hav­
ing continuous edges.

Figure 32..This sketch shows an approach using curved lines for the
steps instead of straight edges.

On the basin side, two alternative arrangements are
provided. The drop can be stepped or sloped. Four
steps that drop one foot each will help to dissipate the
energy of the flow over the weir as well as to provide
steps that can be traversed on foot. While a sloped
face (at 4: 1) does not dissipate energy directly, a rip
rapped area at the bottom helps to dissipate it. The
sloped face can also be traversed on foot.

On the Queen Creek side, a face sloped at 3: 1 is pro­
vided to create a sloped drop into the Queen Creek
channel. Since the total height of the sideweir above
the channel bottom is 60 inches, having this sloped at
3: 1 or flatter meets ADA guidelines to avoid placing
a handrail along the top of the weir. The limit on drop
would be 42 inches if a steeper slope were used, and
this would require an intermediate step on the Queen
Creek side.

is a 20 foot wide flat slab. The wider area is intended
for driving or walking on, and the step up to the 8
foot section helps to protect a vehicle from going
over the step side into Queen Creek.

Several typical scenarios for the relative water lev­
els between channel and storage are shown in Fig­
ures 29 through 31.

Once storage is filled the water level rises at
roughly the same rate in the channel and storage.
And, once water levels in the channel recede, water
from storage that is above the sideweir crest could
flow back into the channel. A separate outlet is
needed, however, to drain water stored below the
weir crest elevation, but this outlet will discharge to
the EMF rather than back to Queen Creek.

water level is in the channel, the greater the di­
verted flow.

Sideweir cross-section and materials
The sideweir shown in the concept plan is a linear
concrete structure with a flat top, several steps lead­
ing into the basin, and a sloped face leading into the
Queen Creek channel. The uppermost level is a flat
concrete slab 8 ft wide, which serves as the hydrau­
lic weir crest. One foot below that on the basin side

Function of a sideweir
A sideweir is constructed along the embankment of
a channel, with its crest lower than the embankment
top. Once water levels in the channel reach the
sideweir crest, water is diverted into the storage ba­
sin on the other side of the sideweir. The higher the

Channel except next to the Kinder-Morgan prop­
erty. The core wall is not needed at the sideweir be­
cause we provided structural cutoff walls with that
structure. This core wall is described in more detail
in Appendix G - Geotechnical Engineering Re­
port.

Basin bottom
The basin bottom is to be left with a fairly uni­
formly sloped surface draining toward the basin
outlet. The slope is quite flat, however, in order to
maximize the basin volume. A slope of 6 inches in
1000 feet is proposed. While this will not drain the
basin completely, we expect that water at the lower
elevations will be absorbed into the ground by per­
colation.

Figure 31. As flows in Queen Creek recede, stored water in the basin can initially pass back over the weir into Queen Creek.

Figure 30. Once flows in Queen Creek pass the sideweir crest the excess is diverted into the storage basin. The bypass flows below the sideweir level
continue down Queen Creek, through the sedimentation basin, and into t~e EMF.

Figure 29. Flows in the Queen Creek channel below the sideweir crest level continue on downstream.
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Bridges will be needed
Though not a part of the flood control project, several
long bridges will be needed to carry Ocotillo Road.

OCOTILLO ROAD
Ocotillo Road is not yet constructed in our project
area, though officials for the Town of Gilbert have
told us they plan to construct Ocotillo Road from
Higley Road west and across the proposed Chandler
Heights Basin. We have allowed for this by leaving
an embankment in the Ocotillo Road alignment upon
which the future road can be built. Our plans provide
for two openings in this embankment, however. One
opening will allow the Queen Creek channel to pass
through, the other will allow the upper and lower
parts of the detention basin to be connected. The
opening for the Queen Creek channel will have to
have a 200-foot bottom width if Sanokai Wash is to
be located north of Ocotillo Road, or 100-foot bottom
width if Sanokai Wash stays to the south. The open­
ing connecting the basins must have a 200-foot bot­
tom width to properly handle the flows between basin
segments.

• The crossing of Queen Creek will span 200-foot
bottom width with Sanokai Wash to the north.
The top width will be approximately 325 feet if
the 4: 1 side slopes are used.

• The crossing of the basin connection will also
span a 200-foot bottom width, with a top width of
approximately 300 feet using 4: 1 side slopes.

• The crossing of the EMF will also span a 200­
foot bottom width, and the existing top width out­
side the access roads on each side is approxi­
mately 340 feet.

• Immediately west of the EMF is the RWCD ca­
nal. The apparent top width to be spanned will be
approximately 50 feet.

The width of our proposed embankment allows for
the full right-of-way width needed by the Town of
Gilbert for Ocotillo Road (130 feet). We have added
top width to provide for constructing approach ramps
to the future bridges; our initial design allows for an
additional four feet of fill at these points, with 4: 1
side slopes.Our design calls for permanent drop structures in or­

der to manage channel bottom slopes. These perma­
nent structures can replace the RWCD temporary
berms providing that a different low-flow notch be
provided in permanent drop structures. The normal
notch would allow even the smallest flows to pass
through the structure, though perhaps in a throttled
manner. Having such a notch would not allow water
to be impounded above the structure for recharge
functions.

Our preliminary investigations on the feasibility of
groundwater recharge in the Chandler Heights Basin
area are reported in Appendix G - Groundwater Re­
charge Capabilities. The conclusions in that report
show that recharge seems to be feasible with the soils
present, and would not be impeded by groundwater
since levels are low. Further evaluation may be
needed during final design, depending upon whether
the recharge project for RWCD is used or FCDMC
does its own.

Some minor differences between the two plans is that
RWCD would construct temporary berms across the
channel to make small impoundments for recharge.
These berms would be washed away during larger
storm events and would be reconstructed after the
storm had passed in order to restore the recharge fa­
cility.

We have had preliminary discussions with RWCD
officials and consultants, and the consensus seems to
be that our proposed flood control improvements
would be very similar to, and compatible with, their
improvements. The intent is to try during final design
to provide a project that will jointly meet the needs of
both RWCD and FCDMC.

in its present configuration. Their ownership extends
both above and below the Higley Road bridge.
RWCD is already planning to improve the channel in
order to use it for intentional groundwater recharge.
They will acquire the sources of water and convey it
to their channel, where recharge would take place
within the channel. Their plans also provide that
stonn waters will continue to be conveyed to the
EMF, but that none of the introduced water would
make its way to the EMF.

SANOKAI WASH ALIGNMENT
At present, Sanokai Wash is a largely undefined wa­
tercourse upstream from the Queen Creek channel. It
has no defined bed, and is mostly defined by where it
crosses north-south streets. Howeve~, development
plans for the lands east and west of Higley Road call
for changes to Sanokai Wash.

In order to make Queen Creek channel wider than at
present, the east side outside toe of slope will be kept
within the property boundary. This will result in the
channel to be located further west than at present. See
the discussion below regarding the Roosevelt Water
Conservation District for further details on this topic.

We have been told by officials of the Town of Gilbert
that Sanokai Wash will be contained within a defined
channel in this area. Though Sanokai Wash is now
considered to run south of the Ocotillo Road align­
ment east and west of Higley Road, they plan to relo­
cate it to the north of future Ocotillo Road. We ex­
pect to have further definition of this alignment at the
confluence with Queen Creek so that we can incorpo­
rate it into our final design.

RECHARGE AND THE ROOSEVELT
WATER CONSERVATION DIS­
TRICT
The Roosevelt Water Conservation District (RWCD),
based in Higley AZ, owns the Queen Creek channel

to restrict the amount of flow that continues in the
channel to that permitted in bypass. The sideweir
does this by conveying water higher than its crest to
the side and into the detention basin. The depth of
flow at sideweir crest provides just the conveyance
needed for the bypass flow rate (approximately 2300
cfs). If the channel were to continue with the same
bottom width, the water surface would drop as flow
passed over the sideweir crest and the sideweir would
be less efficient further along unless we sloped the
sideweir crest along its length. Instead, we taper the
channel bottom width from 200 feet to 70 feet for the
length of the sideweir. Below the sideweir, the chan­
nel continues with a 70-foot bottom width and 4:1
side slopes until the entrance to the sedimentation ba­
sm.

East Maricopa Floodway: Chandler Heights Basin Design

Our hydraulic analyses show that the existing chan­
nel does not have the capacity to contain and convey
the design flows. Accordingly, we propose widening
the channel to a 100-foot bottom width from just
downstream of the Higley Road bridge to the Ocoti­
llo alignment. We also propose drop structures along
this channel so that bottom slopes can be managed to
keep flow velocities down. Our proposed bottom
slope is 0.0003 feet per foot, similar to the EMF.
Where Sanokai Wash flows join, the channel must
have a 200-foot bottom width to provide the needed
capacity. We proposed channel side slopes to be 4: 1.

The existing Queen Creek channel is contained
within raised levees, as shown in several photos in
this report. We proposed to deepen the channel, and
the height of raised levee will be greatly reduced in
length and also in height. We expect that design
flows will actually be contained within the portion of
the channel that lies below adjacent grades. Thus lev­
ees where needed will only serve to extend freeboard.

The proposed sideweir will be built on the west side
of the channel, below the Ocotillo Road alignment.
The purpose of the sideweir, as explained earlier, is

QUEEN CREEK CHANNEL
The preferred plan provides for continued use of the
Queen Creek Channel to convey flows from Queen
Creek and Sanokai Wash into the system. While the
existing channel perfonns essentially this same func­
tion, the Channel would be modified extensively un­
der our plan.

Coordination for future uses
The Town of Gilbert is evaluating development of
recreational facilities that would coexist with the
flood control facilities at Chandler Heights Basin.
Our project team has worked with Gilbert officials to
develop some potential recreational concepts that are
compatible with flood control needs. An Illustrative
Plan sketch and a Site Analysis sketch are shown at
the end of this section.

Access roads
All access roads, whether along an embankment or
down the side of one, will have wearing surfaces
composed of decomposed granite.
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AMOUNTQUANTITY

PROPOSED PROJECT

Core walls

DESCRIPTION

Reconstruct embankment southeast of sed basin
EMBANKMENT

EARTHWORK
Basin excavation lincl. haul and disoosal) CY 6003500 $3.7 $2251312
Ioueen Creek channel excavation lincl. haul and disoosal) CY 246200 $3.7 $92325
EMF channel - remove existinq droo structure CY 1000 $15.0 $1500
EMF channel excavation (to new droo structure) CY 246200 $3.7 $92325
IStructural excavation (inc!. haul and disposal) CY 18300 $8.0 $14640
Structure backfill (placed and compacted) CY 14200 $15.0 $213 00

PREDESIGN COST ESTIMATE
CHANDLER HEIGHTS BASIN

ideweir
ideweir (Queen Creek to storaae) I LF I 12501 $2 1001 $2625000
Vinqwalls I CY I 351 $3001 $10500
oewall I CY I 6001 $3001 $180 000

)utlets
BC 13-4x4x105 (Bvpass) LF 81 $1 65 $13365
BC 13-4x4x110 (North oond outlet) LF 8E $1 65 $141 90
BC 12-4x4x100 (South oond outlet) LF 76 $1 50 $11400

Flao aates EA 2E $5 00 $13000
lide qates EA 12 $750 $90 000
rash racks EA 51 $4 00 $204 000
oewalls CY 80 $30 $24 000

iVinqwalis CY 40 $30 $12 000
;oillwav
Lower oond I LF I 10001 $7001 $700 000
Sediment basin I LF I 3501 $7001 $245 000
DroD structures

bueen Creek channel I SF I 150001 $151 $225 000
EMF channel (new droo structure) I CY I 10001 $3001 $300 OOC
Inlet to sediment basin ,- SY I 1801 $751 $13500
PlunQe pools
Rio rao (at sideweir 12") I CY I 10001 $35.001 $35 000
EMF at droo structure I CY I 10 0001 $35.001 $350 000
Miscellaneous
Decomposed qranite maintenance road I SY I 581001 $23.851 $1385685

STRUCTURES

!SUB-TOTAL CONSTRUCTION COSTS

rTemporarv erosion control LS 1 $750 00 $750 000
Hvdroseedina AC 324 $200 $648 00
rTwo-strand wire oerimeter fence LF 21000 $1 $210 00
Irriqation svstem LS 1 $48500 $485 00
[Trees (15 qal) EA 1700 $15 $255 00
!Shrubs EA 2720 $2 $54 40

East Maricopa Floodway: Chandler Heights Basin Design

Double section corner monument
The south quarter corner for Section 15, Township 2
South, Range 6 East, Gila and Salt River Meridian
lies within the EMF channel and on the Ocotillo
Road alignment. Our surveyors found a discrepancy
in that two different monument locations are de­
scribed in different surveys, and various parcels of
land have been defined in relation to one or the other
monument. As described in Appendix D - Survey
and Control, the difference in location of these two
monuments is around 75 feet. It will not be the func­
tion of this project to resolve this difference, but we
must account for it in planning the facilities. The
most significant impact would be on the future loca­
tion of Ocotillo Road, since the 75± foot different is
in a north-south direction. FCDMC has proposed to
compensate for this by adding width to the Ocotillo
Road embankment to accommodate the offset.

EXPECTED COSTS
We have estimated likely construction costs, as
shown in the table on the next page. Our estimates
are very preliminary, however, because many deci­
sions have yet to be made. As our design process
moves forward and better definition is available for
all project components, our estimates will become
more preCIse.
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I

I
I

ENGINEERING 5%
CONTINGENCY 30%

[OTAL ESTIMATED COST $51,824,0161

I
I
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Figure 34. Chandler Heights Basin concept plan. See also the larger scale plan in the pocket at the rear of this report.. This plan shows the general ar­
rangements for the preferred plan, and shows where typical sections are cut. Those typical sections are shown on the pages that follow. Note that these

typical sections are not the modeled cross sections but simply show typical arrangements.
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Figure 36. Chandler Heights Basin typical sections.
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Figure 37. Chandler Heights Basin typical sections.
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I Figure 38 Chandler Heights Basin typical sections.
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Figure 41. Chandler Heights Basin typical sections.
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Figure 42. Chandler Heights Basin typical sections_
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1.1. Design Goals and Parameters

1.2. HEC-RAS 3.0 Unsteady Flow Model

1. DESIGN PARAMETERS AND BASIN MODELING APPROACH

HEC-RAS does occasionally demonstrate instability when drop structures· are
encountered, affecting how the models are developed. Some special modeling
techniques were used to avoid the instability, which will be discussed in the following
sections.

2

• Revision of the flows from CAP over chutes, CAP1 a and CAP1 b.

• Revision to incorporate revised hydrograph (QI record) out of Sanokai Flood
Retarding Structure at Queen Creek.

• Replace the flow in the EMF downstream of the Rittenhouse basin with the
resultant hydrograph derived from the Rittenhouse basin HEC-RAS analysis
(using QI record).

• Replace the flow in the EMF downstream of the Chandler Heights basin with the
resultant hydrograph derived from the Chandler Heights basin HEC-RAS

,analysis (using QI record).

• Create HEC-1 models for the 2-yr. and 5-yr. events for computation of the
corresponding hydrographs in Queen CreeklSanokai Wash. These hydrographs
are used for computation of sediment volumes.

2. HYDROLOGY MODEL

2.1. Base Model

A Year 2020 future conditions HEC-1 model for a 100-year, 24-hour storm event was
provided by the Flood Control District of Maricopa County (District) as the base model
for this project. This model consists of five sub-models and was updated by the District
based on models from East Mesa Area Drainage Master Plan ~tudy prepared by Dibble
& Associates and Queen CreeklSanokai Wash Hydraulic Master Plan & East Maricopa
Floodway Capacity Mitigation Study prepared by Huitt-Zollars.

In addition to the base model, three target peak flows were provided by the District for the
EMF at the following locations, which will meet the channel capacity requirements.

Peak Flow in EMF at Rittenhouse Road: 3329 cfs

Peak Flow in EMF at Chandler Heights Road: 5667 cfs

Peak Flow in EMF at Hunt Highway: 8100 cfs

2.2. Model Revisions

Revisions to the 1OO-year HEC-1 model by District, Kirkham-Michael and Primatech
during this study are listed below:

The HEC-1 models and the resultant hydrographs for the proposed conditions (with
Rittenhouse Basin and Chandler Heights Basin) at Queen Creek Road, Chandler
Heights Road, and Hunt Highway are presented in the appendix. The hydrographs for
the existing conditions (without the detention basins) at the same locations will also
listed in the appendix.

East Maricopa Floodway ....: Chandler Heights Basin Design
Hydraulic Report
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Due to the complex hydraulic interaction among the elements of the detention basin,
unsteady flow is the method used to analyze the basin behavior. This results in a final
hydrograph that describes the interaction between the EMF approach flow, the Queen
CreeklSanokai Wash bypass flow, and the discharges from the north and south outlets
from the Chandler Heights basin.

The objective of the hydraulic design is to limit the total flow in the East Maricopa
Floodway (EMF) to approximately 5670 cfs by intercepting flows from the combined
Queen Creek and Sanokai Wash in the Chandler Heights basin. The. flow in the EMF
approaching from downstream of the Rittenhouse Channel is 3400 cfs. This limits the
flow from the Chandler Heights basin to approximately 2300 cfs when the EMF
approach flow peaks at 3400 efs. This is accomplished by using a lateral weir in the
combined flow channel that is designed to limit the peak bypass flow to 2300 cfs. The
diverted flows are stored in the detention basin, which is to drain within 36 hours after
the end of the storm. A sediment basin is included downstream of the bypass flow
channel to capture sediment in excess of 0.01 mm.

The US Army Corps of Engineers computer program, HEC-RAS Version 3.0, is used to
calculate water surface profiles for both steady and unsteady flow. The program uses
an unsteady flow equation solver adapted from Dr. Robert L. Barlauu's UNET model.
The unsteady flow simulation can be used to model one-dimensionC;l1 unsteady flow
through complicated open channel systems with split flow, in-line weirs, side weirs, and
other hydraulic structures. .

Modeling of flows through culverts with flap gates or manually operated gates and over
side weirs requires adjustment of the modeling methods used in HEC-RAS. Side weir
flow is modeled by HEC-RAS using the same equation as for regular weir flow. Only
one discharge coefficient is allowed for each weir used. The coefficient for side weir
flow used in the analysis is derived by application of an adjustment to the inline weir
flow coefficient. Flow through a culvert with flap gate or manual operated gate is not
available as an option in HEC-RAS; it is modeled as a sluice gate for which the opening
is varied over time to match the discharge through a culvert with a gate computed
external to HEC-RAS.

East Maricopa Floodway - Chandler Heights Basin Design
Hydraulic Report
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3.1. Model Elements

3. HYDRAULIC MODEL

To overcome the program instability associated with the unsteady flow analysis, the low

The hydraulic structures at the Chandler Heights basin include a two level detention
basin, a sedimentation basin, an approach open channel, a side weir to divert excess
flows, and three outlet structures, one un-gated, one with a flap gate, and the third with
a manually operated gate. The embankment of the future Ocotillo Road separates the
two level basin. There is a 200-foot opening in the Ocotillo Road embankment to allow
the hydraulic interaction of the two basins.

4

flow channel in the cross-section at the top of the drop was blocked. Steady flow
analyses were performed to investigate the impact of the low flow channel blockage .on
the basin hydraulic modeling. The steady flow modeling was conducted with different
flow configurations occurred during the operation period of the north basin outlet. The
results show that the impacts are insignificant. Generally, with the blockage the water
surface elevation in EMF at the outlet is around 0.05 feet higher than that without the
blockage.

3.2.2. The combined Queen Creek/Sanokai Wash Channel

To avoid the program instability, this culvert is not connected to the EMF channel. The
hydrograph obtained at the downstream end of the culvert was manually ~dded .into ~he

EMF channel at the location where the culvert should be connected. It IS an Iterative
modeling process to ensure the whole system being modeled properly.

The combined Queen CreeklSanokai Wash channel is sized to maintain the flow below
the existing ground surface and allow connection of the Queen Creek and Sanokai
Wash channels. This criterion results in an invert elevation of 1300.0 at the entrance to
the sedimentation basin and a slope of 0.0003 tuft. The width was based on two
discharges: 6000 cfs downstream of the confluence of Queen Creek and Sanokai
Wash and 2300 cfs downstream of the side weir diversion. A side weir of 1250 feet in
length is located at the west bank of the channel to divert excessive peak flow into the
detention basin. The low flow or bypass flow from a 1OO-year event will be conveyed by
the channel into a sediment basin. Since the storage volume of the sediment basin is
relatively small, it is not included in the HEC-RAS model. An outlet culvert was modeled
at the end of the channel. Physically, this culvert is proposed to discharge water from
the sediment basin into the EMF. The culvert was sized to allow discharging the bypass
flow.

3.3. Side Weir

The side weir is located downstream of the confluence of Sanokai Wash with Queen
Creek. As the two washes have differently shaped hydrographs, using the combined
hydrographs allows for maximum passage of the allowable flow (2300 cfs) and,
therefore, the minimum storage required. The side weir elevation is set to achieve the
bypass of 2300 cfs. The goal was to maximize the side weir discharge efficiency while
maintain a constant elevation for the weir, which results in a narrowing of the channel
as flow is diverted. A 1250-foot-long weir with the channel narrowing from 200 feet to
70 feet meets the desired hydraulic operation of bypassing 2300 cfs. Computation of
flow over the side weir was performed in the same manner as for the Rittenhouse
basin.

Side Weir Coefficient:

For broad crested side weir modeling with HEC-RAS, the discharge coefficient needs to
be input manually, and will not change with the flow condition in the channel. The

East Maricopa Floodway - Chandler Heights Basin Design
Hydraulic Report
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3.2. Channel

Two channel segments are simulated in the Chandler Heights Basin HEC-RAS model.
One is a section of EMF located along the west side of the Chandler Heights Basin.
The second is the combined Queen CreeklSanokai Wash channel, which is located
along the east side of the Chandler Heights Basin downstream of the confluence of the
Queen Creek and Sanokai Wash.

3.2.1. EMF Channel

The geometry of the EMF Channel was modified based on the original base EMF HEC­
RAS model Reach 3 provided by District. The existing drop structure in EMF at
approximately 200 feet upstream Chandler Heights Bridge was relocated 2350 feet
further upstream at Station 11.845. This results in sufficient drop at the outlet to enable
the detention basin to completely drain.

2.3. Input Hydrographs

Hydrographs were obtained for both Queen Creek and Sanokai Wash (HEC-1 Station
10: C050S). The flow in the EMF upstream of the Chandler Heights basin is derived
from the Rittenhouse basin analysis. That analysis determined the flow downstream of
the Rittenhouse channel (Refer Hydraulic Report for Rittenhouse Basin). That
hydrograph was translated using HEC-1 downstream to the Chandler Heights basin
(HEC-1 Station 10: RQCS). Both Queen CreeklSanokai Wash and the EMF
hydrographs have residual flows that exist for several days.

2.4. Resultant Hydrograph from the HEC-RAS Modeling

Resultant hydrograRh from the Chandler Heights Basin HEC-RAS modeling was coded
into HEC-1 using QI Card. This hydrograph is input in the HEC-1 model to replace the
hydrograph generated in the base HEC-1 model in the EMF at the same location (HEC­
1 10: CHNBAS).

East Maricopa Floodway - Chandler Heights Basin Design
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~-----------------------------------------------------------.

The weir equation used in HEC-RAS 3.0 for side weir discharge is:

Q=CLH% (3)

equation used to calculate the side weir discharge coefficient is based on Willi H.
Hager's study published on the Journal of Hydraulic Engineering (Hager, 1987).
According to Equation (17) from Hager's paper, for the case of a nearly horizontal,
prismatic side weir, the lateral outflow intensity over a side weir can be expressed as:

H = the upstream water depth above the crest (in the side weir modeling,
the water surface option was selected for the weir flow calculation.)

L = length of the weir
C = discharge coefficient

6

Total Storage, Ac-Ft.
2101
1877
1621
1366

863
1114

614
367
163
58
10
o

456

South Basin, Ac-Ft.
631

525
595

388
320
253
187
122
58
10
o

1282

North Basin, Ac-Ft.
1470

1096
910

543
726

361
180
41
o
o
o

Elevation
1307
1306
1305
1304
1303
1302
1301
1300
1299
1298
1297
1296

3.4. Detention Basin Volume & Drain Operation

The final stage volume data for the two basins are:

The basin is to drain within 36 hours from the end of the 24-hour storm event. The goal
is to achieve this by a gravity system. The draining of the basins is accomplished using
two outlet structures. The north basin has flap-gates with the invert at 1301.0; the south
basin utilizes manually operated gates with the invert at 1296.0.

Discharge coefficient was calculated for each time period. An average discharge
coefficient of 2.44 was determined for the overall discharge time (See appendix for the
detailed calculations and results).

.
Low point of north basin, 1297.8. Low point of south basin, 1296.0.

The sizing of both outlet structures involves an iterative procedure. The HEC-RAS
program does not model the unsteady flow through a flap gate. It does allow for
modeling of a sluice gate for which one can vary the height of the opening at different
times. This is used to describe the flow condition. Using an Excel spreadsheet for flow
through a culvert, which includes the losses incurred by using a flap gate, a discharge
is calculated at a time step. This discharge is then used to determine the height of the
opening to be input into HEC-RAS at that time step. HEC-RAS uses this opening data
to calculate the discharge from the basin, the volume change in the basin, and the
stage in the -basin at each time step. At the completion of the HEC-RAS run, a
comparison is made of the computed stage-time data for the current trial with the prior
trial. If the difference is too great, the most recent trial is used to compute new
openings, and re-entered into HEC-RAS. A solution has been achieved within 8 trials,
the maximum difference between the last two computed stage-time data is 0.04 feet.

East Maricopa Floodway - Chandler Heights Basin Design
Hydraulic Report

(1 )

(2)

5

(4)

be calculated

H-w
~b =

B

q = lateral outflow intensity over side weir (cfs/ft)
c = Weir shape correct factor.

For a vertical broad-crested weir with length B,

H = upstream energy head
w = height of side weir
h =water depth upstream side weir

h
y=-

H
w

W=-
H

q = ~c~qH3 (y _ W)%[_I-_W_]JIz
5 ~ 3-2y-W

Where,

Reorganizing Equation (1) we obtain:

[
- 1-W ]JIz

q=0.42j29 c ~(h-w)3
3-2y-W

Where,

By comparing Equations (2) and (3), the discharge coefficient C can
using the following equation:

[
1 W ]JIzC = 0.42j29 c -

3-2y-W
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3.5. Flow Process

The flow process for the HEC-RAS model is described below:

D. The bypass flows are routed into a sedimentation basin which outlets to the EMF
through a group of unregulated box culverts.

E. The diverted flow is routed into the two detention basins. The south basin is
one-foot lower than the north basin. A 200-foot opening connects the two basins.

8

3.6. Unsteady Flow Data

The combined Queen Creek/Sanokai Wash hydrograph is used as input into the model.
The derivation of the combined hydrograph is described in Section 2.3.

3.7. Boundary Conditions

The boundary conditions set are normal depth at the most downstream section. In the
model these occur: 1) at the most downstream cross-section of the EMF channel, and
2) downstream of the outlet from the sediment basin. For the EMF, since there is a
rather long and uniform channel section downstream of the most downstream cross­
section used in the unsteady flow model, it is reasonable to use the channel bottom
slope (0.0003) to estimate the energy slope for the boundary condition. For the outlet
form the sediment basin, analysis showed that inlet control would dominate over the
water level range in the EMF. Therefore, the accuracy of the boundary water surface
elevation is not important for the modeling. 'Initial Conditions

For the basin model, a starting water surface elevation in the basins is required. Since
the basins are dry at the beginning of the storm event, the water surface is set at the
bottom of the basins.

Inlet Control Equation

3.8. Outlet Modeling Approach

Similar to other available unsteady flow modeling programs, there is no option in HEC­
RAS 3.0 to model a culvert with a flap gate. Additionally, we have experienced program
instability problems when modeling a culvert in the system. The option of a sluice gate
was used in the study to model the outlet culverts with a flap gate or a manually operated
gate.

A sluice gate is modeled in HEC-RAS with two variables, a discharge coefficient and the
gate opening. The height of opening can be varied as a function of time. However, only
one discharge coefficient can be set for each gate. The gate opening can be defined for
each time interval. The key issue in outlet modeling is how to define the gate opening for
each time interval to let the discharge flow from the sluice gate be equal to that from a
culvert with a flap gate under the same hydraulic conditions.

Two sets of equations were developed to model the culvert with flap gate under the
conditions of inlet control and outlet control.

East Maricopa Floodway - Chandler Heights Basin Design'
Hydraulic Report

For inlet control conditions, the capacity of the culvert is limited by the capacity of the
culvert opening, rather than by conditions farther downstream. The FHWA manual
"Hydraulic Design of Highway Culverts" (FHWA, 1985), HDS-5, Appendix A - Design
Methods and Equations, Table 9, Chart No. 10, Scale 3, provides the following two
equations for unsubmerged and submerged culvert design:

7

A. The Queen Creek and Sanokai Wash hydrographs are summed.

B. The combined flow is entered into the 200-foot open channel.

C. Downstream of the junction, the flow is routed through a section of channel that
has a side weir and narrows to 70 feet. This allows the by-pass of flows less than
2300 cfs, and diversion into the south detention basin of excess flows.

An Emergency Spillway was set in the HEC-RAS model at the west bank of the
detention basin as proposed in the basin plan to discharge excess water from basin to
the EMF for a super flood event, The elevation of the spillway is determined to be
1305.5, which is 0.4 feet above the maximum water surface elevation in the basin
computed for a 1OO-year event. Therefore, there is no flow over the emergency spillway
for a 100-year event modeled in this study. No modeling was performed for a super
flood event such as a 500-year flood at this time. .

F. The north basin has a group of outlet culverts with flap gates. These are
modeled using a sluice gate that is computationally set at each time step to
match the discharge that is computed externally for a culvert with a flap gate
operating under varying head conditions. The sluice gate is opened when the
stage in the basins is higher than the stage in the EMF at the outlet location.

G. The south basin has a group of outlet culverts with manually operated gates that
are opened when there is capacity for the discharge in the EMF. These outlets
are also modeled using a sluice gate that is computationally set at each time
step to match the discharge that is computed externally for a culvert operating
under varying head conditions.

H. The hydrograph from EMF is combined with hydrograph from the three group of
outlets described in D., F., and G. The combined hydrograph will be used in the
HEC-1 model to check if the peak flows meet the target flow requirements at
Chandler Heights Road and at Hunt Highway.
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--------------------------------------------------....,

For outlet control flow, the calculation is energy based. The total head loss through the
culvert is calculated using the follOWing formula:

- The friction loss in the culvert is calculated using Manning's equation, which is
expressed as follows:

Using a 4'x4' box culvert as a unit outlet structure, AO°.5 = 801.5 = (4)(4)1.5 = 32, and the
unsubmerge'd condition is for Q ~ (32)(3.5) = 112 cfs Iper barrel, which is the case
experienced in the Chandler Heights basin outlet hydraulics for the inlet control flow
condition.

10

(8)

(9)

(10)

( J
2

h
f

= L Qn
1.486AR%

hf = friction loss
L = culvert length
Q = flow rate in the culvert
n = Manning's roughness coefficient
A = area of flow
R= hydraulic radius

/

hen = energy loss due to the e,ntrance
Ken = entrance loss coefficient (0.2 was used in this study)
Ven = velocity inside of culvert at entrance
g = acceleration due to gravity, g=32.2

h = K (aexV;x)ex ex 2g

hen = energy loss due to the exit
Ken = exit loss coefficient (0.65 was used in this study)
Ven = velocity inside of culvert at exit
Uex = coefficient velocity weighting coefficient, using Uex =1

Where,

Entrance loss is calculated as a function of the velocity head inside the culvert at the
upstream end as follows:

hen = Ken V;n
- 2g

Where,

b) Entrance Loss

c) Exit Loss

The exit loss is calculated with a simplified function, which is expressed as a function of
the velocity head inside the culvert at the exit as follows:

Where,

d) Flap Gate Head Loss

A loss equation was created for a 4')(4' flap gate based on the loss curve for a 48-inch
steel drainage gate (flap gate) from Waterman Industries, Inc., Catalog Drawing No.
0049. Through curve fitting, we developed an equation to represent the curve. The
equation is a function of flow through the culvert and has the following polynomial form:

East Maricopa Floodway - Chandler Heights Basin Design
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(4)

(5)

(6)

(7)

for %00.5 ~ 3.5

Hw = headwater energy depth above the invert of the culvert inlet
0= interior height of the culvert barrel
Q = discharge through the culvert
A = full cross-sectional area of the culvert barrel
S = culvert barrel slope
K, M, c, Y = Equation constants, which vary depending on culvert shape
and entrance condition. For this study, K=0.486, M=0.667, c=0.0252, and
Y=0.805.

hen = entrance loss
hf = friction loss
hex= exit loss
hG=flap gate loss

Unsubmerged: Hw 10 = K[ Qo]M
AD .5

Submerged:

Where,

Q =2.95 H~5

Rewriting Equation (4) with B=1' (unit width), we obtained:

Outlet Control Equation

Where,

a) Friction Loss

East Maricopa Floodway - Chandler Heights 8asin Design
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When the submergence reaches 0.80, the HEC-RAS program will change to the fully
submerged Orifice equation: .

When the downstream tail water increases to form a submergence condition; that is,
when the tail water depth above the spillway divided by the energy headwater above
the spillway is greater than 0.67, the following form of equation is used in HEC-RAS:

12

Step 3.

Step 4.

Step 5.

Step 6.

Step 7.

Step 8.

the water surface elevation in EMF. Divide the hydrograph into sections.

For each section of the hydrograph, calculate average discharge through
the outlet system as follows:

• Determine average water surface elevation in the basin;

• Determine the difference of the water surface elevation in the basin and
in EMF;

• Calculate discharge using both inlet and outlet control equations;

• Select the smaller one as calculated average discharge, Qo through
the outlet system for this section of the hydrograph.

Select a constant gate discharge coefficient C.

For each section of the hydrograph, determine gate opening using the gate
equation (12) or (13) according to the submergence condition, to let the
calculated resultant Qg be equal to the Qc obtained at Step 3.

Enter gate-opening values determined in Steps 4 and 5 for each time
interval that corresponds to each section of the hydrograph into HEC-RAS.

Run HEC-RAS with the discharge coefficient and the gate opening for
each time interval.

Review the new resultant stage hydrograph in EMF from HEC-RAS to
check whether or not it is close enough to the previous ones.

If NO, go back to Step 3.

If YES, the outlet modeling is complete.

The discharge coefficient C selected in this analysis for outlets with flap gate and
manually operated gate are 0.8 and 0.6 respectively.

The flap gate in the north basin was initially opened at 24 hours when the basin stage
rose above the EMF stage. It was closed when the north basin stage dropped below
the outlet invert elevation of 1301.0. An evaluation was made for the time to open the
manually opened gate in the south basin. The gate can be opened whenever there is
capacity for some discharge into the EMF. Based on the hydrographs being used for
the 1OO-year event, an opening time of 36 hours was selected.

4. SEDIMENT BASIN

West Consultants, Inc. estimated the sediment transport capacities of Queen Creek
and Sanokai Wash as part of the East Maricopa Floodway Capacity Mitigation Study in
a Final Report for the sediment transport analysis (West Consultants, 2000). The
analysis provided estimates of the aggradation-degradation and armoring processes
along the two streams. The results are based on the sediment transport capacity of the

East Maricopa Floodway - Chandler Heights Basin Design
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11

(11)

(12)

(13)

(14)

Q = CWB-J2g3H

Q=CA~2gH

Q=CWB~2gH

hG =0.000001 Q3-0.00023Q2+0.0145Q-0.072

H =upstream energy head above the spillway crest
C =coefficient of discharge

H = difference between upstream energy head and downstream water
surface

A =area of the gate opening.
H =difference between upstream energy head and downstream water

surface

Run the HEC-RAS model of the detention basin system with the outlet gate
fully open.

Obtain the resultant stage hydrographs at EMF and in the basin starting
from the time when the water surface elevation in the basin is higher than

HEC-RAS Sluice Gate Equation

The equation used in HEC-RAS for a free flowing sluice gate is as follows:

Where,

Where,

Where,

Outlet Modeling Procedure

As discussed previously, the methodology of the outlet modeling in this study is to define
the gate opening for each time interval to let the discharge flow calculated with the HEC­
RAS sluice gate equations be equal to that of the inlet or outlet control equation. It is an
iterative process between manual calculations for gate openings and the HEC-RAS
modeling.

The following procedure expresses the general steps of the calculation and HEC-RAS
modeling:

Step 1.

Step 2.

East Maricopa Floodway - Chandler Heights Basin Design
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downstream reaches in Queen Creek and Sanokai Wash upstream of the Chandler
Heights Basin. It is stated in the report that sedimentation basins would be required to
capture the sediment load corresponding to a 100-year, 24-hour storm event.

The West Consultants, Inc. study estimated specific bed material discharge, qs , specific
bulked sediment volume V t for both the 5-year, 24-hour and the 100-year, 24-hour
events, and overall bed load volume for the 100-year, 24-hour event. The specific
bulked sediment volume Vt for the 2-year, 24-hour event was estimated in the p·resent
study based on existing hydraulic and sediment parameters presented in the Final
Report, Sediment Transport Analysis by West Consultants. The overall bed load
volume for both the 2..Vear, 24-hour and the 5-year, 24-hour events were evaluated
further based on the corresponding specific bulked sediment volume. The 100-year, 24­
hour overall bed load volume was used for the design of the sediment basin at the end
of the combined Queen CreeklSanokai Wash channel. The 2-year, 24-hour, and 5­
year, 24-hour overall bed load volumes are not used for the design of a sediment basin.
However, they are important in terms of the ma'intenance required for the sedimentation
basin.
The specific bulk sediment volume Vt for the 2-year, 24-hour event was derived by
correlating sediment transport parameters (qs) with appropriate hydrographs. Table S1
presents the hydraulic parameters for Queen Creek and Sanokai Wash. The
parameters describe Reach 1 of Queen Creek and Reach 2 of Sanokai Wash. Table S2
presents the sedimentation parameters for Queen Creek and Sanokai Wash, for the
corresponding reaches. For the combined Queen Creek/SanokaiWash, the 2-year, 5­
year and 100-year sediment volumes are 10,800 cy, 17400 cy and 71000 cy
respectively.

Table S2 - Sedimentation Parameters for Queen Creek and Sanokai Wash

5. RESULTS

14

Bed Material
Bulked

Degradation
Overall

Sediment Sediment
Discharge

Volume
Depth

Volume
qs Vt Depth

(cfs/ft) (cfs) (ft) (cy)

Queen Creek

2-year 0.0288 12.1 1.1 7400
5-year 0.0314 13.2 1.2 8000
100-year 0.0619 27.1 2.1 45000
Sanokai Wash

2-year 0.0028 0.1 0.0 3400
5-year 0.0076 0.4 0.0 9400
100-year 0.0347 1.5 0.1 26000

The 2-year and 5-year volumes are 292,000 cf and 470,800 cf respectively. The
sediment basin should need cleaning at an interval greater than 5 years.

The volume of sediment to be stored was based on the ratio of 2400 cfs to the total
peak discharge of 6000 cfs. The design volume of 766,800 ct, is 40% of the total
volume. The desired storage volume is provided by a depth of 6 feet below the outlet
invert.

The sediment basin is sized to capture sediment larger than 0.01 mm when the flow is
2400 cfs. The process used is:

The combination of outlet' structure sizes, weir length and elevation resulted in
achieving the design goals. The peak bypass flow is 2360 cfs, and the peak water
surface elevations are 1305.1 in the detention basins, and 1305.9 in the sediment
basin. The peak storage in the detention basin is 1647 AC-FT. The sediment basin will
capture particles larger than 0.01 mm and the peak discharge downstream of the
Chandler Heights basin is 5678 cfs. Below is a summary of the final geometry for those
designed elements:

East Maricopa Floodway - Chandler Heights Basin Design
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1) Determine the fall velocity of the 0.01 mm particle.
2) Determine the fall distance required from top of water surface to 4 feet below the

invert of outlet structure. Divide the fall distance by the sediment fall velocity to
determine the fall time.

. 3) Calculate the average flow velocity in the sediment basin.
4) Multiply the average flow velocity times the required fall time to calculate the length

of basin required.

13

Table S1 - Hydraulic Parameters for Queen Creek and Sanokai Wash

Peak Flow Mean Hydraulic
Manning's

Rate Velocity Depth
Slope Roughness Top Width

Coefficient
Q V Yh S n B

(cfs) (ftIs) (ft) (ftlft) (ft)

Queen Creek
2-year 1055 3.52 2.572 0.00229 0.035 130.54
5-year 1459 4.52 3.102 0.00229 0.035 136.30
100-year 2934 5.29 4.000 0.00229 0.034 153.00
Sanokai Wash
2-year 302 2.36 1.543 0.003307 0.042 102.85
5-year 1254 3.3 1.950 0.003307 0.042 147.90
100-year 3141 4.69 3.320 0.003307 0.042 199.00
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5.1. Outlet Sizing Results

The outlet culverts are sized to drain the basin within 36 hours from the end of the 24­
hour storm event. Based· on the outlet modeling for the basin volume curve presented in
the previous section, using a 12-barrel 4'x4' box culvert at the south basin, there will be
only about 1 inch water remaining in the basin at the time of the end of 36 hours.

The three outlet structures are determined to be:

East Maricopa Floodway - Chandler Heights Basin Design
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Sediment Basin:

Side weir:
QC/SW Channel at side weir:
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Length =1250 ft, Elevation 1307.2 ft
Beginning width = 200 ft, ending width70 ft
Max. water surface elevation at Sta. 4000 - 1308.3

Elevation at channel- 1300.0
Elevation at box culvert invert -1298.0
Elevation·at bottom of basin - 1292.0

13-4x4 box culvert
Invert Elevation: 1298.0
Slope 0.01

13-4x4 box culvert with flap gate
Invert Elevation: 1301.0
Slope 0.01.

12-4x4 box culvert
Invert Elevation: 1296.0
Slope 0.01

Sedimentation Basin:

North basin:

South basin:
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Min Ch EI·.·I WS. Elev: I'· Crit WS:~~LE_G.Elev::; . ···E.G..SIoP":tt Vel Chnl"1 Flow Area .F.Top Width ., froude:l ChI'l

(Il) ".'.:,: I •. . (Il) ..:.:,.1.,,,: (Il)';;',::",,: I, i)L~:: (tl),:;,,,,::, ~;~,~;«(tItI)'j:;(,+,:.:c:.(Ns) .';'. ·1••• " (sq ilL>' t,·:, .(IlF·'::·'·.'1'·"':y·:-- ·,,:·..,,'1
1300.12' 1306.16[ 1 1306.44 0. 000904 1 4.20 1 570.87: 118.93[ 034 1
1300.06 1 1305.95 1 I 1306.25 1 0.000993 1 435i 55228[ 117.43! 0351
1300.00, 1305.921 1 1306.07' 0.000496 1 3. 131 766.541 159.16; 0251
1294.00: 1305.95[ 1 1306.05 0.0001771 2. 52 1 953.49: 124.61 016]
1294.00 1306.011 i 1306.02 1 oo71סס0.0 0.61 1 3904.11 : 370.08 0. 03 1

1294.00 1306.01! 1 1306. 02 1 oo51סס0.0 0.52 1 4624621 430.08 O.03j
1294.00 130601 i I 1306.01 oo71סס0.0 0.61 1 3902.98 i 370.06 0.03]

1294.00 1306.01 1 I 1306.01 oo71סס0.0 0. 63 1 3781.93! 360.04 003
11294.00 1306001 I 1306.01 OO101סס.0 0.731 3300.86 1 320.02 004 1

1294.00 1306.001 1295.661 1306. 01 1 OO131סס.0 0. 83 1 2880.001 285.00 0.051

HEC-RAS Plan: S8 S1 Rive~ aC&SW Reach: 1 Profile' PF 1
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l_:':!"fi~ft~ .220(:H.,;;;.;".;,.~1 2400.00 1298.00 1306.01 I 1306.031 0.000024; 0.92, 2612.63 358. 10
1 0.06 1

1:-;~~~:1;'f•.;; 23Q()~~.;'~.;~' 2400.00 1298.00 1306.02 I 1306.03, ;OO23סס.0 0.891 2694.34 368.141 0. 061
1..'~';l;::':~>; 24.00;~;~::":· 2400.00 1298.00 1306.021 i 130603i 0.000016! 0.76; 3177.20 1 428.17! 0.05]

1 :~74;",~i; 2l~~~"'';:'1'ii':: 2400.00 1298.00 1306.01 i 1306.02 1 'OO32סס.0 1.05 1 2290.06 318.05
1 0.07;

\;,;(,;';.ti:~~ ;JOOO:;,1~:":;'~ 2400.00 1300.12' 1306.191 I 1306.46· 0.000890 ( 4.18! 574. 151 119.161 0.34

.1 ..!::'"TF..~"....t~ 2ElOO~~~~' 2400.00 1300.061 1305.99i 1306.27. 0.000974 1 4. 32 i 556.03j 117.69 1 0.35:

1.~~:i%'it~ 2580~ft4yi:'" 2400.00 1298.00 1305.911 ! 1306.09: 0.000440; 3.34: 717.491 122.311 0.24j

HEC.RAS Plan' S6 S1 Rivec QC&SW Reach' 1 Prome' PF 1
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HEC-RAS Plan: T2 Profile: Max WS (Continued)
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Maricopa County, Arizona
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Subject:

Dear Mr. Ling:

Mr. Barry Ling, P.E.
Kirkham Michael Consulting Engineers
9210 North 25 th Avenue, Suite 195
Phoenix, Arizona 85021

We appreciate the opportunity to be of service to you during this phase of the project. If you have
any questions or comments regarding this report, please call at your convenience.

January 4,2002
Project No. 600198001

In accordance with our proposal dated May 7,2001 and your authorization to proceed dated June
7, 2001, Ninyo & Moore has performed an Initial Geotechnical Evaluation for the above­
referenced site. The attached report represents our methodology, findings, conclusions, and pre­
liminary recommendations regarding the geotechnical conditions at the project site.

Distribution: (2) Addressee

Sincerely,
NINYO & MOORE

SDN/MDE/RM/avv

Steven D. Nowaczyk, P.E.
Senior Project Engineer

Flood Control District of Maricopa County
2801 West Durango Street

Phoenix, Arizona 85009-6399
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2. SCOPE OF SERVICES

The scope of our services for the project generally included the following:

January 4, 2002
Project No. 600198001

2

East Maricopa Floodway
Chandler Heights Detention Basin, Maricopa County, Arizona

• Preparing this initial report that presents our findings, conclusions, and preliminary recom­
mendations regarding the design and constmction of the new basin.

The project site is located in Sections 15 and 22 of Township 2 South, Range 6 East. The project

area covers approximately 320 acres ofland and is situated in the Town of Gilbert, Arizona. The

project area is bounded by Higley Road to the east, Queen Creek Road to the north, Queen Creek

Wash to the southwest, and the EMF to the west, and is depicted on the Site Location Map (Fig­

ure 1).

3. SITE DESCRIPTION

According to the Higley, Arizona 7.5-Minute USGS Topographic Quadrangle Map (1981), the

project area lies at an average elevation of roughly 1,315 feet relative to mean sea level (MSL).

Based on the information from these quadrangle maps and the topographic information we ob­

tained from your office, it appears the project area slopes very gently from the east to the west,

toward the EMF, with a vertical relief ofless than 10 feet.

600198001 initial rpt (ch).doc

At the time of our evaluation, the project area was vacant. Farming apparently occurred on the

site in the past, particularly in its northern and extreme southern portions. Scattered trees, small

bmsh, and weeds were observed during our site visits. In addition, several unpaved roads ran­

domly crossed the site, although there were several unpaved roads that are on east-west

alignments. One of these appeared to coincide with the alignment of Ocotillo Road in the south­

central portion of the project area and is also coincident with an existing east-west aligned fence

line. Some scattered piles of soil were also observed. We understand that some spoils from the

original constmction of the EMF were dumped and spread out over the northern portion of this

site.

Two aerial photographs were reviewed for this project. A 1967 photograph from the USDA Soil

Survey ofEastern Maricopa and Northern Pinal Counties, Arizona indicated a denser vegetation

and small shrubs across the central and northern portion ofthe project area than exists at the site

presently. In addition, a small area ofrow crops is recorded in the same photograph near the ex­

treme southern tip of the project area. A series of 1999 aerial photographs from Landiscor's

January 4, 2002
Project No: 600198001

East Maricopa Floodway
Chandler Heights DetentionBasin, Maricopa County, Arizona

1. INTRODUCTION

• Marking-out the boring locations and notifying Arizona Blue Stake of the boring locations
prior to drilling..

• Drilling, logging, and sampling 26 small-diameter exploratory borings to depths of about 16
to 33 feet below ground surface (bgs). The boring logs are presented in Appendix A.

In accordance with our proposal dated May 7, 2001 and your authorization to proceed dated June

7, 2001, we have performed a geotechnical evaluation for the Chandler Heights Detention Basin

project located in eastern Maricopa County, Arizona. The purpose of our evaluation was to assess

the subsurface conditions at the proj ect site in order to formulate geotechnical recommendations

for design and constmction of the new basin. This report presents the results of our evaluation

and our geotechnical conclusions and recommendations regarding the proposed construction.

• Excavating, logging, and sampling three test pit explorations to depths of about 12 feet bgs.
The test pit logs are also presented in Appendix A. .

• Reviewing readily available aerial photographs and published geologic literature, including
maps and reports pertaining to the project site and vicinity.

• Performing six field infiltration tests at the anticipated bottom-of-basin level, in general ac­
cordance with the City of Chandler method. The results of this testing are presented in
Appendix C.

• Installing three piezometers in boreholes that were drilled along the East Maricopa Floodway
(EMF).

• Performing laboratory tests on selected samples obtained from the borings to evaluate in-situ
moisture content and dry density, grain size analysis, Atterberg limits, hydro-consolidation
(swell/collapse) tests, maximum density/optimum moisture relationship, expansion index, ag­
ronomic testing (growability), permeability tests, unconsolidated undrained Triaxial
Compression tests and corrosivity characteristics (including pH, minimum electrical resistiv­
ity, soluble sulfates, and chlorides). The results of the laboratory testing are presented on the
logs in Appendix A and/or the laboratory sheets present in Appendix B. The results from the
agronomic testing are presented in Appendix D.
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4. PROPOSED CONSTRUCTION

Phoenix Real Estate Photo Book show the project area similar to its current condition. Our

evaluation of the aerial photographs and visual reconnaissance did not indicate any large dis­

turbed areas that might be indicative of past development or filling. We also observed some

public use ofrecreational vehicles during our field activities within the proj ect area, with associ­

ated trails tracking across the project area.
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A 1,800-foot long, concrete side weir will be constructed along the northwest side of Queen

Creek, specifically where it tapers from 200 feet to 70 feet wide. This side weir will enable wa­

ter to enter the basin from Queen Creek. The side weir crest elevation is tentatively planned to

be at about 1,307 feet above MSL.

The sediment basin at the end of Queen Creek will be re-shaped to accommodate the anticipated

water volumes. The existing sediment basin outflow, located near the southwest corner of the

basin, will be replaced with 13,4 feet wide by 4 feet high concrete box culverts (CBC). The dis­

charge of these CBCs will be controlled with one-way flap gates.

feet, will extend above the existing. ground surface. This portion of the levee will be constructed

of new engineered fill.

Two emergency spillways will be constructed. One will be located between the new basin and

the EMF, near the southwestern most tip of the basin (just north of the new outlet structure), and

the other will be located between the sediment basin and the EMF. These emergency spillways

will consist of concrete-surfaced embankments.

To allow the water to transfer into the EMF, two outlets are planned. One outlet will be located

near the southwestern tip of the basin and will consist of 12, 4 Jeet wide by 4 feet high CBCs.

This outlet will be controlled with manual gates. The other outlet will be located about 2,700

feet south of the EMF intersection with Queen Creek Road and will consist of 13, 4 feet wide by

4 feet high CBCs. This outlet will be controlled with one-way flap gates.

The side slopes around the perimeter of the basin are proposed to be constructed with a 4 vertical

to 1 horizontal slope. The land use within the new basin is tentatively planned to accommodate

multiple-use facilities, and could include several baseball and soccer fields. A small portion of

the basin located along the Ocotillo Road alignment will not be excavated. This area is reserved

for future roadway development.
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The project generally includes the construction of a new detention basin along the southeast side

of the EMF, from Queen Creek Road to just north of Chandler Heights Road. The basin will

collect runoff from Queen Creek and Sanokai Wash, temporarily retain the water and ultimately

discharge it into the EMF. The basin elevation will vary from about 1,300 feet above MSL near

the north side, to about 1,296 feet above MSL near the south side. Consequently, the excavations

needed to create the basin area will extend to about 10 to 20 feet bgs. Natural soil berms, which

will act as a levees, will be created (from the excavation) between the basin and the EMF and

Queen Creek. Based on our conversations with Kirkham Michael Consultirig Engineers and the

Flood Control District of Maricopa County, we understand that this construction is not consid­

ered a jurisdictional dam because the impounded water will be situated below to existing ground

surface.

A segment of the Queen Creek channel, from its crossing under Higley Road to the existing

sedimentation basin to the north of Chandler Heights Road, will be improved. Specifically,

Queen Creek will be widened to 100 feet from Higley Road to about the alignment of Ocotillo

Road. Immediately to the south of the Ocotillo Road alignment, Queen Creek will be widened to

200 feet and then gradually taper over about 2,500 linear feet to a channel width of 70 feet. This

width will be maintained until it terminates into the sedimentation basin. The vertical alignment

of the creek bottom will also be improved. From Higley Road to the Ocotillo Road alignment,

there will be fout drop structures, each 3 feet high, that will lower the level of the creek from

about 1,315 to 1,303 feet above MSL. As a result of the improvements to Queen Creek, some of

the natural soil berm created between Queen Creek and the EMF, specifically about the top 2 to 3
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5.2. Test Pits

5.3. Piezometer Monitoring Wells

In order to monitor surface water seepage from the EMF after a large rain event, three of the

boreholes were completed as piezometers. Specificafly, the piezometers were installed in

borings CH-2, CH-6, and CH-9. In general, the bottom half of the piezometer well casing

January 4,2002
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c.

consisted of bottom capped screened PVC, and the top half solid impermeable PVc. The

annuli around the wells were backfilled with permeable sand and grouted near the ground

surface using cement-bentonite slurry. The above ground exposures of the well casings

were enclosed and capped with an above-ground lockable protective steel casing.

No substantial rainfall occurred during our study period and no meaningful readings were

taken; however, the wells were left in-place. Consequently, if a heavy sustained rain event

occurs during the final design phase, the piezometers may be read and the information could

be useful.

5.5. Field Screening for Volatile Organic Compounds (VOCs)

In order to provide a preliminary screening of soil for the possible presence of volatile or­

ganic compounds (VOCs), several collected samples were tested in the field as drilling

progressed with a photoionization detector (PID). The Mini-Rae PID was calibrated at the

beginning of each sampling day with 100 ppm isobutylene span gas. A zip-lock plastic bag

was partially filled with a portion of each collected soil sample, sealed, the soil disturbed,

5.4. Field Percolation Tests

In order to provide a preliminary evaluation of the infiltration rate near the bottom of the

proposed basin, Ninyo & Moore conducted six infiltration tests in general accordance with

the City of Chandler Typical Detail No. C-109. This method was selected because it is

commonly considered to be a standard throughout metropolitan Phoenix. These tests were

performed near the central portion of the proposed basin at the site, adjacent to borings CH­

21, CH-22, CH-23, CH-24, CH-25, and CH-26. The procedures used consisted of the inser­

tion of a 12-inch diameter solid riser into undisturbed soil, to a depth of approximately 15 to

20 feet bgs, followed by prewetting of the soil. The test continued after the prewetting pe­

riod by refilling the casing and monitoring the drop in water level as a function of time until

steady-state conditions were achieved. The results of this testing are provided in Appendix

East Maricopa Floodway
Chandler Heights Detention Basin, Maricopa County, Arizona
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The ground surface elevations and the lateral locations at each boring were determined by

Consultant Engineering, Inc of Phoen~x, Arizona, after the drilling was finished. The eJeva­

tions of each boring location are presented on the logs. The general locations of each of the

borings are denoted on the Soil Boring Location Map (Figure 2).

Ninyo & Moore conducted a supplemental subsurface evaluation consisting of the excava­

tion of three test pits on November 26 and 27, 2001 in order to further evaluate the existing

subsurface conditions. The test pits were excavated along the EMF perimeter using a Ford

555E backhoe. Detailed descriptions of the soils encountered are presented in the boring

logs in Appendix A, and the general locations of the test pits are denoted on Figure 2.

5.1. Soil Borings

Ninyo & Moore conducted a subsurface evaluation at the site between July 11 and July 19,

2001 in order to evaluate the existing subsurface conditions and to collect soil samples for

laboratory testing. Our evaluation consisted of the excavating, logging, and sampling of 26

small-diameter borings. The borings were drilled using a CME-75 tmck-mounted drill rig.

Of these borings, ten were drilled along the EMF perimeter (denoted as CH-1 through CH­

10), nine were drilled along the Queen Creek perimeter (denoted as CH-11 through CH-19),

one was drilled along the Queen Creek Road perimeter (denoted as CH-20), and six were

drilled within the new basin area (denoted as CH-21 through CH-26). Bulk and relatively

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

soils encountered are presented in the boring logs in Appendix A.

5. FIELD EXPLORATION

East Maricopa Floodway
Chandler Heights Detention Basin, Maricopa County, Arizona
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6. LABORATORY TESTING

7. GEOLOGY AND SUBSURFACE CONDITIONS

75%
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7.2. Subsurface Conditions

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

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

following paragraphs provide a generalized description of the materials encountered. More

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

Table 1 - Approximate Percentage of Soil Types Encountered from
Ground Surface to Anticipated Bottom of Basin

GP/GCIGM SP SCISM ML CL

Stratified desert alluvium was encountered at the surface of the borings and extended to the

total depth explored. The alluvium consisted of clay (CL), silt (ML), clayey/silty sand

(SC/SM) and clayey/silty fine to coarse gravel (GP/GC/GM). Scattered caliche nodules,

filaments, and stringers were present in many of the borings. Table 1 provides a breakdown

of the soil types encountered in our borings within the proposed basin excavation (e.g., from

the ground surface to about 10 to 20 feet bgs):

south and northwest-southeast. The basin floors consist of alluvium with thickness extend­

ing to several thousands of feet.

The basins and surrounding mountains were formed approximately 10 to 13 million years ago

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

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

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

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

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

mountains. The surficial geology of the proposed detention basin is described as latest Qua­

ternary age deposits «10,000 years old) and Pleistocene deposits «250,000 years old)

consisting of sand, clay, and silt with local occurrences of fine gravels and coarse deposits

that contain minimal to moderate soil development (Pearthree, 1994).

600198001 initial 'l't (ch).doc
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The soil samples collected from our drilling activities were transported to the Ninyo & Moore

laboratory in Phoenix, Arizona for geotechnical laboratory analysis. The analysis included in-situ

moishlre content and dry density, grain size analysis, Atterberg limits, hydro-consolidation

(swell/collapse) tests, maximum density/optimum moisture relationship, expansion index, agro­

nomic testing (growability), permeability tests, unconsolidated undrained Triaxial Compression

tests and corrosivity characteristics (including pH, minimum electrical resistivity, soluble sul­

fates, and chlorides). The results of the laboratory testing are presented on the logs in Appendix

A and/or the laboratory sheets present iri Appendix B.

The highest PID reading was noted and recorded on the field boring logs and in the field

notebook. No elevated VOC readings were observed during our field work.

7.1. Geologic Setting

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

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

discontinuous, subparallel mountain ranges. The mountain ranges generally trend north-

and allowed to volatilize for 10 minutes. The tip ofthe PID was then inserted into the head­

space of the plastic bag.

Agronomic testing consisting of the testing of primary nutrients, secondary nutrients, micro nu­

trients, as well as other agricultural characteristics, was performed by Fruit Growers Laboratory,

Inc. of Santa Paula, California. The results of these tests, which include planting recommenda­

tions, are presented in Appendix D.

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

8. CONCLUSIONS
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9.1. Earthwork

• A basin side slope angle of 4 horizontal to 1 vertical is feasible from a geotechnical stand­
point. Our calculations show an acceptable factor of safety against appropriate failure modes.

East Maricopa Floodway
Chandler Heights Detention Basin, Maricopa County, Arizona

The following sections provide our earthwork recommendations.

9.1.1. Excavation Characteristics

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

results of 26 widely spaced exploratory borings and three test pits, our site observations,

and our experience with similar materials. In our opinion, excavation of the on-site

• The on-site soils consist of stratified desert alluvium with a high degree of heterogeneity and
anisotropy. The soils should generally be excavatable to planned depths with conventional
earthmoving construction equipment in good working condition.

• We recommend that the side weir (and possibly the emergency spillway) be supported on a
zone of engineered fill that extends through the Holocene alluvium soils to older Pleistocene
deposits. Based on our field wo'rk, we estimate that the contact between the Holocene and
Pleistocene deposits range from about elevation 1,286 to 1,308 feet MSL at the boring loca­
tions.

the preliminary recommendations of this report are incorporated into the design and constmction

of the proposed project, as appropriate. Geotechnical considerations include the following:

• Of primary concern is the possibility of cracking, piping, and/or seepage through the natural
levees. These concerns were addresses in the Failure Mode Analysis (FMA) performed for
this project. As a result, one of the primary conclusions was that a crack-stopper barrier (lo­
cated within the levee between the basin and the EMF and Queen Creek) would alleviate
several of the potential failure modes discussed.

• Anti-seepage devices, like seepage collars, should be used for the installation of pipes or
other penetrations that cross through or beneath the levees

The following sections present our preliminary geotechnical recommendations for the proposed

basin construction. We anticipate that more detailed recommendations will result from an addi­

tional design-phase geotechnical evaluation.

9. PRELIMINARY RECOMMENDATIONS

600198001 initial rpt (ch).doc
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GP/GCIGM SP SCISM ML CL

8% 0% 50% 8% 34%

Groundwater was not encountered in our boring excavations. Based on well data from the

Arizona Department of Water Resources (ADWR), the approximate depth to groundwater is

in excess of about 180 feet bgs. Groundwater levels can fluctuate due to seasonal variations,

irrigation, groundwater withdrawal or injection, and other factors. In general, groundwater is

not expected to be a constraint to the construction of the project; however, given the occur­

rence of relatively pervious zones, perched tailwater resulting from flood irrigation of

cropland might be encountered.

The geological characteristics of the surface soils within the project site generally includes

the presence of a Holocene "apron" overlying an older Late Pleistocene deposit. The Holo­

cene deposits are typically of lower density and are relatively susceptible to collapse upon

wetting. Consequently, the position of the contact between the Holocene and Late Pleisto­

cene deposits is relevant. Based on our field work and laboratory testing, we estimate that

this contact ranges from about elevation 1,286 to 1,308 feet MSL. Localized variations may

be greater than the given range and are largely attributable to erosion of the Late Pleistocene

surface.

Table 2- Approximate Percentage of Soil Types Encountered
at the Anticipated Bottom of Basin Excavation

Table 2 provides a breakdown of the soil types encountered in our borings at the anticipated

bottom of the basin excavation (e.g., about 10 to 20 feet bgs):

East Maricopa Floodway
Chandler Heights Detention Basin, Maricopa County, Arizona

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
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A geotechnical consultant should carefully evaluate areas of soft or wet soils prior to

placement of fill or other construction. Drying or overexcavation and replacement of

such materials may be anticipated.

We recommend that new fill be placed in horizontal lifts approximately 8 inches in

loose thickness and compacted by appropriate mechanical methods, to 95 percent or

more relative compaction, in accordance with ASTM D 698-91 at a moisture content

within two percent of its above optimum.

January 4,2002
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and Corrosivity Test Results

Sample Sample Expansion Resistivity
Water-Soluble Chloride

pH Sulfate Content Content
Location Depth (ft) Index (ohm-em)

in Soil (%) (ppm)

CH-11 0-2 1.5 7.6 508 0.0025 160
CH-21 12-15 6 .8.4 1,320 0.0004 10
CH-23 0-2 1.5 -- -- -- --

CH-25 12-15 0 -- -- -- --

Table 3 - Summary of Expansion Index

9.1.3. Reuse of Excavated Material as Borrow

Although not apparent in our logs, because much of this site was used for farming, the

top 6 to 12 inches may contain some organics. This layer may need to be segregated

during construction and could be reused in non-structural area of the site.

Based on the laboratory tests we performed, it appears that an earthwork (shrinkage)

factor of 5 to 25 percent is appropriate for the on-site soils within the basin area. This

shrinkage factor range represents an average of the material tested. Potential bidders

should consider this in preparing estimates and should review the available data to make

their own conclusions regarding excavation conditions.

The composition of the soils that will likely be excavated for construction of the basin

was outlined in Section 7.2. In addition to the index testing (grain size analysis and

Atterberg limits) that was conducted to classify these soils, we performed Expansion

Index and corrosivity te~ts as a means to evaluate these soils for potential reuse. Table 3

outlines the results of these tests. Given the very large volume of soil to be excavated

and the heterogeneous nature of the natural soils, wider variations in soil characteristics

than suggested by these results are possible.

The Expansion Index test is used to evaluate the intrinsic swell or expansion potential of

a remolded soil sample upon saturation with water. Based on Uniform Building Code

(UBC) Standard No. 18-2, an Expansion Index from 0 to 20 indicates a very low expan­

sion potential, 21 to 50 indicates a low expansion potential, 51 to 90 indicates a medium

expansion potential, 91 to 130 indicates a high expansion potential, and 130 or above

East Maricopa Floodway
Chandler Heights Detention Basin, Maricopa County, Arizona
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materials can generally be accomplished to the anticipated basin depth with conven­

tional earthmoving equipment in good operating condition. However, scattered caliche

nodules, filaments, and stringers were encountered in many of the borings, which may

be somewhat more time-consuming to excavate. This cementation predominates in the

older Pleistocene deposits, which were encountered below roughly elevation 1,286 to

1,308 feet MSL.

'vVe recommend that trenches and excavations be designed and constructed in accor­

dance with OSHA regulations. These regulations provide trench sloping and shoring

design parameters for trenches up to 20 feet deep based on a description of the soil

types encountered. Trenches greater than 20 feet deep should be designed by the Con­

tractor's engineer based on site-specific geotechnical analyses. For planning purposes,

we recommend that the OSHA soil classification for the encountered alluvial soil be

considered as Type C.

9.1.2. Grading, Fill Placement, and Compaction

Vegetation and debris from the clearing operation should be removed from the site and

disposed of at a legal dumpsite. Demolition debris should be removed from the site and

disposed of at a legal dumpsite. Obstructions that extend below finish grade, if present,

should be removed and the resulting holes filled with compacted soil.

East Maricopa Floodway
Chandler Heights Detention Basin, Maricopa County, Arizona
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indicates a very high expansion potential. The soils that we tested exhibited a very low

expansion potential.

The pH and minimum electrical resistivity tests were performed in general accordance

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

with Arizona Test 733 and 722, respectively. The soil pH values ranged from 7.6 to 8.4,

which is considered to be alkaline. The minimum electrical resistivity measured in the

laboratory varied from 508 to 1,320 ohm-em, which is considered to be corrosive to fer­

rous materials. The chloride content of the sample tested ranged from about 10 to 160

ppm, which is also considered to be corrosive to ferrous materials.

Based on the UBC criteria, the potential for sulfate attack is negligible for water-soluble

sulfate contents in soil ranging from 0.00 to 0.10 percent by weight (0 to 1,000 ppm),

and moderate for water-soluble sulfate contents ranging from 0.10 to 0.20 percent by

weight (1,000 to 2,000 ppm). The potential for sulfate attack is severe for water-soluble

sulfate contents ranging from 0.20 to 2.00 percent by weight (2,000 to 20,000 ppm), and

very severe for water-soluble sulfate contents over 2.00 percent by weight (20,000

ppm). The soluble sulfate content of the soil samples tested ranged from 0.0004 to

0.0025 percent, which represents a negligible sulfate exposure for concrete.

Due to the infrequent and transient nature of water storage and flow in the abutting channels,

the levee soils, constructed as proposed, will remain dry and (in some cases) brittle until a

wetting front passes through during flood events. Given the short impoundment time, seep­

age through these levees is not expected to reach steady-state conditions.

January 4,2002
Project No. 600198001

9.2. Levee Stability and Seepage

The proposed construction of the new basin will create a natural levee along the perimeter of

the basin, specifically along the EMF and Queen Creek. Levees are usually constructed with

select materials that are placed in an engineered manner and compacted to a specified den­

sity. For seepage and piping considerations, constructed levees will ordinarily be zoned and

may contain internal drainage, and the embankment foundations are prepared with cut-offs

extending below the embankment.

The composition of these natural levees will be highly heterogeneous and anisotropic, and

could be subject to differential settlements, cracking, piping and/or seepage concerns. Al­

though not disclosed in our limited sampling program, the natural levees and their

foundations likely contain defects such as desiccation cracks, open graded channels, etc.

The following sections of the report address construction considerations with regards to the

natural levees that will be constructed for this project and also address the basin infiltration

that may be expected..

East Maricopa Floodway
Chandler Heights Detention Basin, Maricopa County, Arizona
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9.1.4. Imported Fill Material

Imported fill in contact with ferrous materials or concrete, if utilized, should consist of

clean, granular material with a very low or low expansion potential. Import material

should also have low corrosion potential (minimum resistivity greater than 2,000 ohrn­

em or the average value for the site, chloride content less than 25 parts per million

[ppm], and soluble sulfate content of less than 0.1 percent). The geotechnical consult­

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

9.2.1. Side Slope Stability

Based on our conversations with your office and the conceptual plans we were given,

we understand that the preliminary design of the side slopes around the perimeter of the

basin calls for a.4 (horizontal) to 1 (vertical) slope. We performed preliminary slope

stability analyses on a typical embankment section with this slope. The stability analy­

ses were done using the computer program PCSTABL6H, which is a static and

pseudostatic stability program using Bishop's modified circular failure surfaces. Based

on the results of this analysis, we have calculated a factor of safety against failure in ex­

cess of 2.0. In establishing this factor of safety, we assumed very conservative

embankment soil parameters and a total stress analysis. Because saturated conditions

14600198001 initial rpt(ch).doc13600198001 initial rpt(ch).doc
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given in Figure 3.

On the basis of these analyses, we believe that the proposed 4:1 slope is feasible from a

geotechnical standpoint. A graphical representation of this slope stability analysis is

January 4,2002
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Test Test Average Percolation Rate Soil Type at
Location Depth (ft) (ft3/hr/ft2

) Test Depth
near CH-21 20 0.91 SM
near CH-22 20 0.33 CL
near CH-23 15 0.10 CL
near CH-24 20 0.30 CL
near CH-25 20 0.13 SM
near CH-26 15 0.07 GM

9.2.4. Basin Base Infiltration

As mentioned earlier, four field percolation tests were performed for this basin. The

tests were located within the central portion of the proposed basin area and extended to

about 15 to 17 feet bgs. Table 4 summarizes these results of these percolation tests.

Table 4 - Summary of Percolation Tests 'Within Chandler Heights Basin

In addition, self-weight settlement within the basin may also occur, with the cracks that

develop generally limited to the basin floor. As a result, a low spot could be created and

the capacity of the basin may be locally affected. However, the overall performance of

the basin as a result of this potential localized settlement will most likely not be com­

promised.

The reported values should be viewed as highly approximate since soil permeability is

among the more variable quantities used in soil mechanics. A conservative approach to

seepage rates is recommended.

We recommend that the new fill needed for this top segment of the levee be placed in hori­

zontal lifts approximately 8 inches in loose thickness and compacted by appropriate

9.3. New Levee Construction

As a result of the proposed improvements to Queen Creek, some of the natural levee created

between Queen Creek and the EMF, specifically about the top 2 to 3 feet, will extend above

the existing ground surface. Consequently, this layer will be engineered and compacted in

lifts.

East Maricopa Floodway
Chandler Heights Detention Basin, Maricopa County, Arizona
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The outcome of this FMA will be summarized in a Failure Mode Report, which will be

prepared by Kirkham Michael Consulting Engineers. One of the major findings re­

vealed in this process was that a crack-stopper barrier (located within the levee between

the basin and the EMF and Queen Creek) would alleviate several of the potential/ailure

modes discussed, particularly those associated with differential settlement, cracking,

piping and seepage. Detailed discussions and recommendations for crack-stopper bar­

rier construction, including cost analysis and comparisons, will be provided in the final

geotechnical report.

ar~ not anticipated (except for the faces of the levees), rapid drawdown stability sce­

narios have been ruled out as highly unlikely.

9.2.2. Piping and Seepage

Because these natural levees will be constructed of native soils that are highly heteroge­

neous and not placed in a controlled manner, differential settlements, desiccation

cracking, piping and seepage from the basin to the EMF and Queen Creek (or vice

versa) are major design considerations. To better understand these and other potential

risks associated with this type of construction, a failure mode assessment (FMA) was

conducted for this proj ect.

9.2.3. Self-Weight Settlement of Levee and Basin Floor

As mentioned earlier, the project site is generally underlined with a Holocene "apron"

overlying an older Late Pleistocene deposit. The Holocene deposits are typically of

lower density and are relatively susceptible to collapse, under their own self-weight,

upon wetting. If this settlement occurs under or within the levee, cracks may develop.

As with the piping and seepage concerns discussed in the previous section, defensive

measures like a crack-stopper barrier may alleviate this situation as well.

East Maricopa Floodway
Chandler Heights Detention Basin, Maricopa County, Arizona
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9.4. Side Weir and Outlet Works

mechanical methods, to 95 percent or more relative compaction, in accordance with ASTM

D 698-91, at a moisture content within two percent of its optimum. Selected low permeabil­

ity on-site soils could be reused for this purpose. We recommend that this segment be keyed

into the native soils.

January 4, 2002
Project No. 600198001
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Relevant geologic information was shared during the FMA workshop. As a result, the

presence of Holocene soils below the side weir and the potential collapse of these soils

was considered a potential failure mode and also a major finding. Consequently, it was

recommended that the Holocene soils located below the side weir (and possibly the

emergency spillway) should be removed and replaced with compacted, engineered fill.

In our evaluation of the Holocene/Late Pleistocene contact, the qualitative description

of cementation stage proposed by Machette (1985) was used in conjunction with that

proposed by Beckwith and Hanson (1982). The various stages of cementation are de­

noted on the logs in Appendix A. Based on our field work and laboratory testing, we

estimate that this contact ranges from about elevation 1,286 to 1,308 feet MSL. Local­

ized variations are largely attributable to erosion of the Late Pleistocene surface.

Engineered fill should be placed in horizontal lifts approximately 8 inches in loose

thickness and compacted by appropriate mechanical methods, to 95 percent or more

relative compaction, in accordance with ASTM D 698-91 at a moisture content within

two percent of its optimum moisture content. Selected low permeability, on-site soils

could be reused for this purpose.

As mentioned earlier, the thickness of the Holocene apron varies considerably across

the project site. Therefore, the anticipated depth ofremoval for the construction of the

side weir should be further evaluated during the design phase of this project. This fur­

ther evaluation should consist of more closely-spaced borings and/or test pits and·

additional laboratory testing.

9.4.2. Pipe Penetrations

An embankment breech can result from inadequately designed or constructed pipelines,

utility conduits, or culverts (hereafter referred to as pipes) located beneath or within

levees. During high water, seepage tends to concentrate along the outer surface of pipes

resulting in piping (potential washing out) of fill or foundation material. Seepage may

also occur because of leakage from the pipe. Consequently, we recommend that anti-

East Maricopa Floodway
Chandler Heights Detention Basin, Maricopa County, Arizona
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As mentioned earlier, we understand that a 1,800-foot long, concrete side weir will be con­

structed along the northwest side of Queen Creek, specifically where it tapers in width from

200 feet to 70 feet. The side weir crest elevation is tentatively planned to be at about 1,307

feet above MSL. To allow the water to transfer into the EMF, three outfalls are planned.

These outfalls are proposed to consist of multiple box culverts that will be incorporated into

the natural levee, which will be created between the EMF and the new basin.

9.4.1. Foundation Preparation

As part of our scope of work, the characteristics of the foundation soils supporting the

new levees were evaluated. Particularly, the extent of a Holocene "apron" overlying the

older Late Pleistocene deposits was considered. The Holocene deposits are typically of

lower density and are relatively susceptible to collapse upon wetting. Consequently, the

position of the contact between the Holocene and Late Pleistocene deposits is relevant.

The conceptual drawings that we received also show two cut-off walls, located on either side

of the side weir and extending about 6 feet below the bottom of the basin. We understand

that these walls were employed to discourage undermining of the side weir by water flow,

but will also provide a measure of piping and seepage control.

In addition, we understand that the side weir will be concrete lined on both sides. The

Queen Creek sicfe will be slightly battered toward the basin, and the basin side will be

stepped. A plunge pool, extending about 4 feet below the bottom of the b~sin, will be pro­

vided near the toe of the side weir on the basin side. The plunge pool will be lined with rip­

rap to mitigate erosion.

East Maricopa Floodway
Chandler Heights Detention Basin, Maricopa County, Arizona
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construction.

9.4.3. Concrete

January 4, 2002
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East Maricopa Floodway
Chandler Heights Detention Basin, Maricopa County, Arizona

9.6. Construction Observation and Testing

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

fonn observation and testing services for the project. These services should be perfonned to

evaluate exposed subgrade conditions, including the extent and depth of overexcavation if

loose soils are encountered during construction, to evaluate the suitability of proposed bor­

row materials for use as fill, and to observe placement and test compaction of fill soils. We

believe the design geotechnical consultant should be retained for construction services.

However, if another geotechnical consultant is selected to perfonn observation and testing

services for the project, we request that the selected consultant provide a letter to the owner,

with a copy to Ninyo & Moore, indicating that they fully understand our recommendations

and that they are in full agreement with the recommendations contained in this report.

Qualified subcontractors utilizing appropriate techniques and construction materials should

perform construction of the proposed improvements.

discuss the proj ect plans and schedule. Our office should be notified if the proj ect descrip­

tion included herein is incorrect or ifthe project characteristics are significantly changed.

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

report have been conducted in general accordance with current practice and the standard of care

exercised by geotechnical consultants performing similar tasks in the project area. No warranty,

expressed or implied, is made regarding the conclusions, recommendations, and opinions presented

in this report. There is no evaluation detailed enough to reveal every subsurface condition. Varia­

tions may exist and conditions not observed or described in this report may be encountered during

construction. Uncertainties relative to subsurface conditions can be reduced through additional

subsurface exploration. Additional subsurface evaluation will be performed upon request. Please

also note that our evaluation was limited to assessment of the geotechnical aspects of the project,

and did not include evaluation of structural issues, environmental concerns, or the presence of haz­

ardous materials.

600198001 initial!]Jt (ch).doc
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As mentioned previously, the results of the sulfate content laboratory tests indicate the

site soils present a negligible sulfate exposure to concrete. In accordance with Table 19­

A-3 of the 1994 UBC, we believe that Type II cement can be used for the const~ction

of concrete structures at this site. However, due to potential uncertainties as to the use

of reclaimed irrigation water, or topsoil that may contain higher sulfate contents, sul­

fate-resistant cement, pozzalon, or admixtures may be considered.

The pipe joints should be selected to accommodate movements resulting from founda­

tion or fill settlement. In addition, the pipe joints, as well as the pipe itself, should be

watertight.

seepage devices be employed to mitigate piping or erosion along the outside wall of the

pipe. The tenn "anti-seepage device" usually refers to metal diaphragms or concrete

collars that extend from the pipe into the backfill material. The diaphragms and collars

are often referred to as "seepage rings". To reduce increased piping potential, great care

should be taken when compacting backfill around these seepage rings.

In addition, the pipe should have adequate strength to withstand the applied earth loads.

Consideration should also be given to live loads imposed from equipment during con­

struction and the loads from traffic and maintenance equipment after the levee

The concrete should have a water-cement ratio no greater than 0.5 by weight for nonnal

weight aggregate concrete. From a quality standpoint, a 28-day compressive strength of

4,000 psi or higher is desirable because it will improve concrete durability.

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

9.5. Pre-Construction Conference

East Maricopa Flood\vay
Chandler Heights Detention Basin, Maricopa County, Arizona
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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.

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.

January 4, 2002
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Our conclusions, recommendations, and opinions are based on an analysis of the observed site

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

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

request. It should be understood that the conditions of a site could change with time as a result of

natural processes or the activities of man at the subject site or nearby sites. In addition, changes to

the applicable laws, regulations, codes, and standards of practice may occur due to government ac­

tion or the broadening of knowledge. The [mdings of this report may, therefore, be invalidat~d over

time, in part or in whole, by changes over which Ninyo & Moore has no control.

This report is intended for design purposes only and may not provide sufficient data to prepare

an accurate bid by some contractors. It is suggested that the bidders and their geotechnical con­

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

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

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

testing.
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-------------------
Figure 3: Slope Stability Analysis of Typical Embankment

Ten Most Critical. C:EMF-TVP.PLT By: Curt 09-28-01 3:52pm
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Disturbed soil samples were obtained in the field using the following methods.

Field Procedure for the Collection of Relatively Undisturbed Samples

Relatively undisturbed soil samples were obtained in the field using the following method.

Clayey gravels, gravel-sand-clay mixtures

TYPICAL NAlYIES
Well graded gravels or gravel-sand mixtures little or no
fines

Well graded sands or gravelly sands, little or no fines

Silty sands, sand-silt mixtures

Silty gravels, gravel-sand-silt mixtures

Inorganic silts and very fine sands, rock flour, silty or
clayey fine sands or clavev silts with slight plasticity
Inorganic clays of low to medium plasticity, gravelly
clays sandy clavs silty clavs lean clavs

Organic silts and organic silty clays oflow plasticity

Inorganic clays of high plasticity, fat clays

Organic clays of medium to high plasticity, organic silty
clays, organic silts

Inorganic silts, micaceous or diatomaceous fme sandy or
silty soils elastic silts

Peat and other highly organic soilsPt

CL

OL

GC

OR

SM

SW

GM

CR

GW

ML

MH

SYMBOL

SILTS & CLAYS
Liquid Limit <50

SILTS & CLAYS
Liquid Limit >50

U.S.C.S. METHOD OF SOIL CLASSIFICATION

SC Clayey sands, sand-clay mixtures

SANDS
SP Poorly graded sands or gravelly sands, little or no fines

(More than 1/2 of coarse I-------l-----------------------J
fraction

<No.4 sieve size)

GRAVELS GP Poorly graded gravels or gravel-sand mixtures, little or
(More than 1/2 of coarse I-- +n::;:o....:.fi:.:;n:..:::e::;:.s --j

fraction
> No.4 sieve size)

MAJOR DIVISIONS

mGHLY ORGANIC SOILS

January 4, 2002
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APPENDIX A

BORING LOGS

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

The Standard Penetration Test Spoon
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 1-3/8 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.

East Maricopa Floodway
Chandler Heights Detention Basin, Maricopa County, Arizona

Field Procedure for the Collection of Disturbed Samples
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CLASSIFICATION CHART (Unified Soil Classification System)

V
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7 /
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/ CL IMI ..... ML&OL
1.1'o
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LIQUID LIMIT (Ll), %

70

10

60
o~

[ 50
x
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~
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RANGE OF GRAIN SIZES
CLASSIFICATION u.s. Standard Grain Size in

Sieve Size Millimeters

BOULDERS Above 12" Above 305

COBBLES 12" to 3" 305 to 76.2

GRAVEL 3" to No.4 76.2 to 4.76
Coarse 3" to 3/4" 76.2 to 19.1

Fine 3/4" to No.4 19.1 to 4.76

SAND NO.4 to No. 200 4.76 to 0.074
Coarse No.4 to No. 10 4.76 to 2.00

Medium No. 10 to No. 40 2.00 to 0.420
Fine No. 40 to No. 200 0.420 to 0.074

SILT & CLAY Below No. 200 Below 0.074

GRAIN SIZE CHART

The Modified Split-Barrel Drive Sampler
The sampler, with an external diameter 0[3.0 inches, was lined with I-inch long, thin brass
rings with inside diameters of approximately 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.
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I
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BORING LOG

LL z DATE DRILLED BORING NO. PATTERNSu
:::12. CL 0
0

GROUND ELEVATION SHEET 2
>- -l f- OF 2

w 0 q:en
0: f- en u· METHOD OF DRILLING::J

_Uen
~ LL .

f- Z -en
(f) w >- en· DRIVE WEIGHT DROP

0 (f) (j)~
0 q:
~ >- -l. SAMPLED BY LOGGED BY REVIEWED BYa: u

0 DESCRIPTION/INTERPRETATION

(0 Dolomite

------- --------~ ------------ ----------------------- --------- ---- -------------------------------------------------------------------
¥ (WATER) Water table during drilling.

~ (FWATER) Water table at boring completion.

-- --- - - - ---- ---~ -- - - - -- --- -- -- ---- - -- -- - ------ --- ---- --- --- --- ---- --- --- ----------- --- --- ----- --- -- - -- - - - --- -- --- - -- ------ ------- -----
(%) = CALICHE

-- ---- - - -- -- -- -~ --- --- -- -- -- - - - --- ------ -- ---- - --- ---- -- --- --- -- ---- -- -- -- --- ------ -- ---- -- --- -- - --- -- - - -- - ---- -- - ------- ----- --- -----
$::::; (.) = GYPSUM----------------I~'~------------ ----- ------------------------------------ ------------------------------------------ -----------------------

($) = SCHIST
-- ---- - - -- ----- - - - -- - ------ - -- ----- --- - - -- -- --- -- --- ---. -- ---. - --- - - -.-- -------- --.- - - - -- - --- ---- -- ---- --- - -- - -- -- --- -- -- -- --- -- -- - --

(7) = Mudstone .

..JYln!l0&JY\oo\'"e-__II-_p_~_~_~_E-~-~-N-SO-.-L,IE~G-EN-D-RE-:_;_~-;-9:-RI-N-G-..,...LIO-G-S--~e-I~-e~-~-~-----i1

ROCKS AND CONCRETE

(H) = CLAYSTONE (sandy CLAYSTONE, silty CLAYSTONE, etc.)

(012) = BRECCIA rock with angular and/or gravel- or cobble-sized clasts

(I) = SILTSTONE (clayey SILTSTONE, sandy SILTSTONE, etc.)"

(1) = SANDSTONE (silty SANDSTONE, clayey SANDSTONE, etc.)

(B) + (1) = CONGLOMERATE

(» = SHALE or SLATE

(2) = METAVOLCANIC (or VOLCANIC) ROCK

(2+1) = VOLCANIC TUFF

(I) = GRANITIC ROCK or BONSALL TONALITE

(V) = GABBROIC ROCK or other intrusive igneous rock

CL (0) = low plasticity CLAY or just CLAY

PT (Q) = peat

SP (SP:S) = poorly graded SAND

OL (4) = low plasticity organic SILT

GP (GP:G) = poorly graded GRAVEL, sandy gravel, aggregate base

SC (NO) = clayey SAND

ML (Z) = silt

GC (GC:OG) = clayey GRAVEL

CH (C) = high plasticity CLAY

OH (5) = high- plasticity organic CLAY

S M (NZ) = silty SAND

M H (M) = plastic SILT

GM (GM:GZ) = silty GRAVEL

SW (SW:D) = well graded SAND

GW (GW:G3N) = well graded GRAVEL

--- -- ---. - -- ---- - -- -- --- ---- - ---- ----- - -- ----- --- --- ---- ------ --- --- -- --- -- - - -- - -- ----- -- -- ---'- ---- ----- --- --- - - -- - ----

(P) = ASPHALT CONCRETE
-- --- -- --- -- ---- - --- --- ---- --- -- ----- --- ------- -- --- - - --- -- ---- - -- --- ----- - -- ------ .-- -- - ----- --- - ---------- -- - - - -----

(9) = CONCRETE

" ..' --- -- ----- -- ---- -- - -- --- ---- --- - ----- ----- - --- ---- - - --- -- --- -- ---- - -- - --- -- --- ------ -- - - --- ---- --- - ---- - ----- -- -- - ----
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BORING LOG

Stage I cementation, nOll-cemented, no reaction to RCL.

Very stiff.

CL Reddish brown (5 YR 5/4), damp, hard, silty CLAY.

Stage I cementation, weakly cemented by calcium carbonate, weak reaction
with RCL, sparse calcium carbonate filaments.

ML Brown (7.5 YR 5/4), damp, loose, clayey SILT.

SM Pale brown (10 YR 6/3), dry to damp, dense, silty SAND; trace fine,
subrounded gravel.

Stage I cementation, weakly cemented by calcium carbonate, weak reaction
with RCL, sparse calcium carbonate filaments.8.9

11.1 88.411

16

28

26

9

f-

f-

I-t-

I---

1--- --------

1-1---

I--

1--1- -------- ------- --------

(f)
11.W z DATE DRILLED 7/10101 BORING NO. CH-1-1 - U

0.. ~ ~ 0.. 0
+-'

~ 0 0 ~ i= GROUND ELEVATION 1312' SHEETQ) - -1 1 OF 2
Q)

<t 0 w >- 0 «(f)..... 11. a: ~ u·(f) -- en _U METHOD OF DRILLING CME 75, 8" Diameter Hollow-Stem Auger
I I- r- (f) ~ (f)

~ 11. .

~ 5 ~ z -(f)
0.. C (f)' W >- (f). DRIVE WEIGHT 140 Ibs. (Auto) DROP 30"
w .YoQ) 0 0 (f) (f)~

0 -> -1 0 «:::l._ co ~ >- -1 SAMPLED BY MDE LOGGED BY MDE REVIEWED BY LLGco ....
0 a: u

0 DESCRIPTION/INTERPRETATION

0 ML ALLUVIUM:
Brown (7.5 YR 5/4), damp, loose to dense, clayey SILT.

t- I--- Stage I cementation, weakly cemented by calcium carbonate, weak reaction
with RCL, sparse calcium carbonate filaments.

t- I---

f-

42

I-

5 - I-,
10.7 Medium dense.9
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<t 0 w >- 0 <t(f)..... LL ~(f) a: (I] u· METHOD OF DRILLING-- _U
I I-r- (f) ~ (f)

~ LL •
~ 5 ~ z -(f)
0.. C (f) W >- (f). DRIVE WEIGHT DROP
w ~Q) 0 0 (f) (f)~

0 -> -1 0 <t:::l._ CO ~ >- -1 SAMPLED BY LOGGED BY REVIEWED BYco ....
0 0: U

0 DESCRIPTION/INTERPRETATION

0 Solid line denotes unit change.

l- f- Dashed line denotes material change.

l-

I Modified split-barrel drive sampler.

l- t-

IX No recovery with modified split-barrel drive sampler.
t-

l- I---

5-[- - ? Seepage.

I- - ¥ Groundwater encountered during drilling.

~ Groundwater measured after drilling.
f- -

I--- -

I---,
.Standard Penetration Test (SPT).

f-
lO - - f- 0

1/ No recovery with a SPT.
f-

- t-
-

IT
XXI

Shelby tube sample. Distance pushed in inches/length of sample recovered

XX in inches.t-I-
1\ No recovery with Shelby tube sampler.
t-

1-1-

15 - If-
Bulk sample.

t-'t-

I---~

Continuous Push Sample.II
fW

!--1---

The total depth line is a solid line that is drawn at the bottom of the
boring.
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C/) u:
~I

u:w Z DATE DRILLED 7/10/01 BORING NO. CH-l Z DATE DRILLED 7/17/01 BORING NO. CH-Z
...J ~ U

0
~ U 0-;:; a.. l- "#. a.. -;:; l- "#. a..

~ 0 ~

~ GROUND ELEVATION BIZ' SHEET 2 OF 2 0 ~

~ GROUND ELEVATION 1309' SHEET 1 OF 2(J) ~

...J (J) :2: ~

...J
(J)

« 0 UJ >- 0 «u:l (J)
« 0 UJ >- 0 «(J)

'+- u.. a: I- u· '+- LL I-C/) co METHOD OF DRILLING CME 75, 8" Diameter Hollow-Stem Auger C/) a: co u· METHOD OF DRILLING CME 75, 8" Diameter Hollow-Stem Auger--- _U --- _U
I 1-.-- (J) ::;:) (J)

~ LL • I 1-.-- (J) ::;:) (J)
~ LL •

l- S I- Z -(J) l- S I- Z -(J)
a.. (J) w >- (J). DRIVE WEIGHT 140 lbs. (Auto) DROP 30" (J) w >- (J). DRIVE WEIGHT 140 Ibs. (Auto) DROP 30"c 0 (J) (J)::;:) a.. c (J) (J)::;:)
UJ ~Q)

....J 0 0 « UJ ~Q) 0 0 0
0 -> 0 -> ...J «::l._ CO ~ >- ....J SAMPLED BY MDE LOGGED BY MDE REVIEWED BY LLG ::l._ CO :2: >- ...J SAMPLED BY MDE LOGGED BY MDE REVIEWED BY LLGco'" co'"

0 a: u 0 cr: u
0 DESCRIPTION/INTERPRETATION 0 DESCRIPTION/INTERPRETATION

20

I 8M ALLUVIUM: (continued) 0

~
CL ALLUVIUM:

21
Very pale brown (10 YR 7/4), dry, medium dense, silty SAND. Soil type

~
Brown (7.5 YR 5/4), dry, stiff, silty CLAY; scattered caliche filaments,

I- change from ML to SM within sample interval. ~I-
weakly cemented.

~
Stage I, weak reaction with HCL.

Total Depth = 21.5'
~~ Groundwater not encountered. f-I- ~Backfilled on 7/10/01.

~~- I-

12 9.8 85.5

~-,--- I-

~\,

~25 - -- 5-1-

~45 Hard.
-- I- ~

~-- 1-1-

~
-- I-' ~12 8.0

~
Very stiff.

-- -- ~
~

30 - -- 10 - - ~
37 4.7 100.8 ~ Hard.

-- - ~, ~--
i

-~ ~
.

f-f- 1-' 82/9" 13.3 I Stage I cementation, scattered caliche fIlaments, weakly cemented, weak

'-
to no reaction with HCL.

f-~ 1-1- ~-------- ------- -------- ------------ ... --_ ............ ---- -_ ... -- ----- ----_ ... -_ ...... ------ -- --- -_ ...... -- -- -- -------- ---- --------- ------ ---_ ... -_ ... --- -----_ ... --------
8M Pale brown (10 YR 6/3), dry, medium dense, silty SAND.

35 - f-f- 15 - I-

39
f-I- l-

i
-- I-I- -------- -------

~
------------ -- --- -------------- ------ -- -- ------- ------ --_ ... -- - -- --- --- - -- - - ------------ -- - - ------ --- - -- ------- ------ ---, CL Brown (7.5 YR 5/4), dry, hard, silty CLAY.

:

1-'
Stage II cementation, scattered caliche nodules, moderately cemented.

I-~

~53 5.5

1-1- 1-'- ~
~

40 20
~
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DROP 3::..:0:....... _

LLG

BORING NO. .....::C~H.:..-:::....3 _

SHEET _-=--_ OF 2

BORING lOG

MDE LOGGED BY MDE REVIEWED BY
----::==..:::--

DESCRIPTION/INTERPRETATION

Very stiff.

Hard; few sand.

Brown (7.5 YR 5/4), damp, dense to very dense, silty SAND; some fine
subrounded gravel.
Stage II cementation, moderate cementation by caliche, color change to
light gray.

DATE DRILLED ..:..7~/1:.=I/c:::O.::..l _

GROUND ELEVATION =.:13::..:0:=-9_' _

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

DRIVE WEIGHT --=1~4~0~1b~s.:....(~A~u~to~) _

SAMPLED BY

FILL:
Brown (7.5 YR 5/4), damp, stiff, silty CLAY.
Stage II cementation, scattered calcium carbonate filaments, weakly
cemented. .

ALLUVIUM:
Reddish brown (5 yr 5/4), damp, medium dense, sandy SILT.
Stage I cementation, weakly cemented, moderage reaction with HCL.

ML

SM

CL

CL Brown (7.5 YR 5/4), damp, hard, silty CLAY.
Stage II cementation, trace caliche nodules less than 112" in diameter.

z
o
i=.«(/)
u·_U
l.L •
-(/)
(/).
(/)~

«
-l
U

.. ------ --- -- ----- ---- -- ---- -----_ .... --------_ .. -- -- -------_ ...... --- -----_ .. --_ ... -- ----_ .. --- --- .. - .. ---- ------_ ........ -- .. ---_ .. ---

-oJ
o
00
~
>­
(f)

>­
~

(f)

Z
LU
o
>­
0::
o

u::::­
U
a..

LU
0::
~
~
(/)

o
~

3.0

8.4

68 7.4 95.8

~o
o
l.L--(/)

So
-l
CO

17

12 14.6 84.2

34

35 5.4 102.1

55

67/11" 6.3
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o

5

(f)
LU
-oJ
0..
~
~
(f)

I
~
0.. C
W ~ Q)

o "S.:::COo

20

15

10

(f)
u::::-LU z DATE DRILLED 7/17/01 BORING NO. CH-2

-oJ ~ U
0-;:;- 0.. ~ ;:g 0..

~ 0 0 ~ i=. GROUND ELEVATION 1309' SHEET 2 OF 2Q) ~

-l
Q)

~ 0 LU >- 0 ~(/)
:!:: (f) !:!:: 0:: !:: co u· METHOD OF DRILLING CME 75,8" Diameter Hollow-Stem Auger_U
I f-,-- (f) ~ (f)

~ l.L •

~ S ~ z -(/)

0.. C (/) LU >- (f). DRIVE WEIGHT 1401bs. (Auto) DROP 30"
LU ~Q) 0 0 (/) (f)~

0 -> -l 0 ~:l._ co ~ >- -oJ SAMPLED BY MDE LOGGED BY MDE REVIEWED BY LLG00 ....
0 0:: U

0 DESCRIPTION/INTERPRETATION
20

~
CL ALLUVIUM: (continued)

27 6.0 94.2 ~
Brown (7.5 YR 5/4), dry, hard, silty CLAY.

f- Stage II cementation, scattered calcium carbonate nodules.
~

Total Depth = 21.5'
f-I-- Groundwater not encountered.

Piezometer installed on 7/17/01.

f-I-

f-I-

25 - '-I-

f-I-

-I-

-I-

-f--

30 - -~

-c-

-c- .

f-I--

I-f-

35 - 1-+-

l-f-

I-f-

I-f-

I-f-

40
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LLG

OF 2

DROP =:..;30,,--" _

BORING NO. -"C:.=.;H=---4"'-- _

SHEET _..::..1_

BORING LOG

MDE LOGGED BY MDE REVIEWED BY ..,.---::='---

DESCRIPTIONIINTERPRETATION

Hard, scattered calcium carbonate filaments.

Very stiff.

Very pale brown (10 YR 7/4), dry to damp, dense, clayey SILT; few fine
graveI,.trace coarse gravel.
Stage II cementation below 15 feet moderate reaction with HCL.

Thin layer of silty fine sand.

GROUND ELEVATION :=.;13::..::0,-",8_' _

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

DATE DRILLED ..:.:7/:.=1.=.!.1/~0.=..1 _

DRIVE WEIGHT ----.:1:....:.4.::..0.:..:lb::>:s:...;.(!.:..A~u~to~) _

SAMPLED BY

ALLUVIUM:
Brown (7.5 Yr 5/4), damp, very stiff, silty CLAY.
Stage I cementation, scattered calcium carbonate filaments.

CL

ML

z
a
i=
<{(J)
u·_U
u. .
-(J)
Cf).
Cf)::)
<{
-l
U

SP-SM Light bluish gray (lOB 8/1), dry to damp, very dense, silty SAND.
Stage II cementation, grains coated by calcium carbonate, matrix loose,
moderate reaction with RCL on coatings.

-l
a
en
~
>­
Cf)

I

i:i:'
u
a..

>­
I-
en
Z
UJ
o
>­
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o

93.8

72.5

UJ
a::
::)
I­
(J)

a
~

7.7

6.3

6.0

13.0

I­a
a
LL.

---Cf)

Sa
-l
ro

12

14

35

13

90/11"

-

21 3.1

-
--

82/11" 2.3 117.0

f-

f-I- -------- ------- --------

~
~
~
~
~
~
~
~
~
~
~
~
~
~
~

~~

~
~
~
~§§
~
~
~
~

I~ Hard.

;-;- -------- ------- ------- -~ ------------ ----- ----------------------- ----------------------------- ---------------------------------------- ------ ---

C
..l<:(1)
->::J._en ....o

f--

f--

f--f--

f--

f--

f-f--

f-f--

o

....
(1)
(1)

'+-

(/)
W
....J
a..
~
<{
(/)

I f-.-­
I­a..
w
o
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(/) i:i:' BORING NO.w Z DATE DRILLED 7111/01 CH-3
....J ~ U a-;:; a.. I- ~ a..
~ a 0 ~ i= GROUND ELEVATION 1309' SHEET 2 OF 2(1) ~

....J
(1) <{ a UJ >- a <{(/)

'+- t:(/) LL. cc en u· METHOD OF DRILLING CME 75, 8" Diameter Hollow-Stem Auger--- _U
:r: 1-.--- (J) ::) (/)

~ LL. •
l- S I- Z -Cf)
a.. c Cf) UJ >- Cf). DRIVE WEIGHT 140 lbs. (Auto) DROP 30"
UJ ..l<:(1) a 0 Cf) Cf)::)

0 -> -l a <{::J._ ro ~ >- -l SAMPLED BY MDE LOGGED BY MDE REVIEWED BY LLGen ....
0 cc u

0 DESCRIPTION/INTERPRETATION

20 ML ALLUVIUM: (continued)

70 7.1
Brown (7.5 YR 5/4), damp, hard, silty CLAY, trace nodules.

f-- Stage II cementation, trace carbonate nodules less than 1/2" in diameter.

Total Depth = 21.5'
I-f- Groundwater not encountered.

Backfilled on 7/11101.

I-f-

I-f--

25 - f-f--

f--f-

f-f--

f-f--

'-f-

30 - --

--

-,--- .

f--f--

f-f-

35 - f-f--

f-f--

f-f--

f-f-

f-f-

40
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25 - 1-1--

30 ---

--

----ML---- --p~~-b~;-;~-(iO-YR-6/3):-ciry:-ci~~;~-t~-~~~;;d~~-;~:-~i~y~);SiLT.---------------------------

Stage I cementation, scattered calcium carbonate filaments.

83 7.4

14 12.8

85/11"

5

10

-----------

DATE DRILLED 7/11101 BORING NO. CH-4 I~ u::: z DATE DRILLED 7/11/01 BORING NO. CH-5-J U
0.. I- ~ 0.. a.....
:2:: a i= GROUND ELEVATION BOTGROUND ELEVATION 1308' SHEET 2 OF 2 (J) -J SHEET 1 OF 2

(J)
<! a w >- a <!ul'+- LL I-(f) cc: a:l u· METHOD OF DRILLINGMETHOD OF DRILLING CME 75,8" Diameter Hollow-Stem Auger -- _U CME 75,8" Diameter Hollow-Stem Auger

I (f) :::> (f) :2:: LL •

l- S I- Z -(/)

DRIVE WEIGHT 140 Ibs. (Auto) DROP 30" 0.. C (f) W >- (f). DRIVE WEIGHT 140 lbs. (AutQ) DROP 30"a (/) (f):::>w ..lo!CD
....I a 0

<!0 ->::l._ co :2:: >-SAMPLED BY MDE LOGGED BY MDE REVIEWED BY LLG CO'- -J SAMPLED BY MDE LOGGED BY MDE REVIEWED BY LLG
0 cc: u

DESCRIPTION/INTERPRETATION
0 DESCRIPTION/INTERPRETATJON

ALLUVIUM: (continued) 0 CL ALLUVIUM:
Light bluish gray (lOB 8/1), dry, dense, silty SAND. Brown (7.5 YR 5/4), damp, very stiff, silty CLAY.

StageI cementation, scattered calcium carbonate filaments.

Total Depth = 21.5'
Groundwater not encountered.
Backfilled on 7/11101.

15 7.0 90.3
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<!(f)
u·_U
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BORING lOG

CL Reddish brown (5 YR 5/4) to pale brown (10 YR 6/3), damp, hard, silty
CLAY; some medium to fine sand.

37 3.9
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BORING LOG

Brown (7.5 YR 5/4) to reddish brown (5 YR 5/4), dry to damp, medium
dense, silty SAND; few rme gravel.
Stage I cementation, trace calcium carbonate filaments, non -to weakly
cemented, weak to no reaction with HCL.

Stage II cementation below 17.5 feet; continuous coatings of calcium
carbonate on fine gravel grains, matrix loose.

ML Brown (7.5 YR 5/4), dry to damp, medium dense to very dense, clayey SILT;
scattered caliche stringers.
Stage I cementation, sparse calicium carbonate filaments, non -to weakly
cemented.

8M

4.2

1.8 121.5

4.9 96.1

11 0.6

24

34

41

13 6.6

29

22

~
".~rl2&1V'DOre East Maricopa Floodway

~.I.14 ., 'iiiiii.~~-=-=-~~C=r=han=dler~Hei~ghts:=-::-:-Det=entio~nBa==..sin---=-=-:-::=-=----11
PROJECT NO. DATE FIGURE

600198001 1/02 A-ll

5

Cf)
u.. BORING NO.w z DATE DRILLED 7/17/01 CH-6..J u

-:;::; 0- I- cf. 0- 0
Q) ~ 0 ..J i= GROUND ELEVATION 1308' SHEET 1 OF 2
Q) « 0 UJ >- 0 «cO- t::Cf) u.. a: a:! u· METHOD OF DRILLING CME 75, 8" Diameter Hollow-Stem Auger--- _U
I Cf) :::::> Cf)

~
u.. .

l- S I- Z -Cf)

0- C Cf) W >- Cf). DRIVE WEIGHT 140 Ibs. (Auto) DROP 30"
UJ ~Q) 0 0 Cf) Cf)~

0 -> ..J 0 «::l._ a:! ~ >- ..J SAMPLED BY MDE LOGGED BY MDE REVIEWED BY LLGCO'""0 cc U
0 DESCRIPTION/INTERPRETATION

0 CL ALLUVIUM:
Brown (7.5 YR 5/4), dry, very stiff, silty CLAY.
Stage I cementation, sparse calcium carbonate filaments, non -to weakly
cemented. .

15

20 --l-.L....L__--l-_-L.__

10

Cf) iLUJ Z DATE DRILLED 7/11/01 BORING NO. CH-5..J U 0-:;::; 0- I- cf. 0-
Q) ~ 0 ~ - i= GROUND ELEVATION 1301' SHEET 2 OF 2..JQ) « 0 UJ >- 0 «cO- u.. t:: u·Cf) --- a: a:! _U METHOD OF DRILLING CME 75,8" Diameter Hollow-Stem Auger
I 1-.- Cf) :::::> Cf)

~ u.. .
l- S I- Z -(f)

0- C Cf) W >- Cf). DRIVE WEIGHT 140 Ibs. (Auto) DROP 30"
UJ ~Q) 0 0 Cf) Cf):::::>

0 -> ..J 0 «::l._ a:! ~ >- ..J SAMPLED BY MDE LOGGED BY MDE REVIEWED BY LLGco'""0 a: U
0 DESCRIPTIONIINTERPRETATION

20 ~ CL ALLUVIUM: (continued)

54 4.6 96.1 Pale brown (10 YR 6/3), damp to dry, hard, silty CLAY.
I-- Stage I cementation, scattered calcium carbonate filaments.

I-i-
Total Depth = 21.5'
Groundwater not" encountered.
Backfilled on 7/11/01.

t-I-

t-i-

25 - t--

i-I-

i-f-

.-1-

-I-

30 - -I-

-I-

-i- .

1-1-

-
f-I-

35 - t-I-

t-I-

1-'-

1-'-

I-t-
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I
Cf) u..UJ Z..J ~ U

-:;:::; c.. I- <ft- c.. 0
~ 0 ~ f=.Q) ~

..JQ)
~ 0 w >- 0 «Cf)

::t:. Cf) LL cr: I- co U·

I -- _U
:r: f-,- (/J :::> Cf)

~
u.. .

l- S I- Z -Cf)

c.. c Cf) UJ >- Cf).

W ~Q) 0 0 0 Cf) Cf):::>

0 -> ..J «::l._ CO ~ >- ....JCO'"

I 0 CC U
0

20 1271) 8M

I
63 1.6

~

~f-

I
~f-

I ~-

I 25 - :----

--

I --

I --

I
--

30 - --

I --

I --

f-f-

I f-f-

I 35 - I-f-

Hard.

Brown (7.5 YR 5/4), damp, yery stiff, silty CLAY; some fine sand.
Stage I cementation, weakly cemented by scattered calcium carbonate
filaments.

Pale brown, dry to damp, very dense, SAND with fme to coarse gravel.

Stage II cementation below 15 feet; weak to moderate reaction with HCL.

CL

8P

..........

..........

129.6 ~~~::1.0

1.2

1.8

5.6

......... ---- -- -_ -- ~ ---_............... _ -_ -_ -------- -- -_ --- -------_ -- -_ -- ---- -_ --- -_ --_ --_ --- -.. ---_ --- -_ ..

~
~5.9 96.8 ~

~
~
~
~
~
~

5.3 99.8 ~

~-- - --- - ~ ------------ --------------------------- -------------- -- ----------- ----------------------------------------- -----------
~'I! E 8M Pale brown (5 YR 6/2), dry to ~amp, medium dense, silty SAND; scattered
! d fme gravel.
EI!E

II/!II
~EI!!H

-------- I. ------ ------------- ---------------------------------- -- ------------------------------------------- -- --------------- ---

51

f-

--------
5-f-

24
f-

I-f--

f-' 51

f--

10-f-

62f-
. f- f-- --------

f-I
15

f-f-

15 -f- --------

74
~

f-1-

1-1-

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

BORING lOG

Stiff.

. Medium dense to dense.

Loose.

SM Pale brown (10 YR 6/3), dry to damp, medium dense, silty SAND; trace fine
gravel.

Stage I cementation, no calcium carbonate coatings on gravel grains,
weak reaction with HCL on sand particles.

SM/GM Light yellowish brown (10 YR 6/4), dry to damp, dense, silty SAND with
fme gravel; increase in gravel content.
Stage II cementation, moderately cemented by calcium carbonate.

-------- -- -- ....... - -- -- ---- ... _- - ------- ... _---- _... _------ - - ------ -- --- - ------ ---- --_ .... _.... _---- -- --------- - ---- - ---- ---- - --- - - ---

---- --- - ---- -- -- -- - - -----.-. --- ----- -- -- - - - -------- - -- ----- - ----- - - ---- ---- - ---------.-- --- -- - --- - - ---- ------ -- - - -_.- ---

3.6

2.8 105.1

9 2.8

6

12

20

52 2.8 117.5

24

22 6.0 91.8

--------1------- --------
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PROJECT NO. DATE FIGURE
600198001 1/02 A-IS

(/) u::-w Z DATE DRILLED 7/11/01 BORING NO. CH-8
-l u

0-;:;- a. l- "#. a..
OJ ~ 0 -l i= GROUND ELEVATION 1306' SHEET 1 OF 2
OJ « 0 w >- 0 «(j):::::. (/) u.. a: I- ro u· METHOD OF DRILLING CME 75,8" Diameter Hollow-Stem Auger-- _U
J: (/) :::J (j)

~ u.. •
l- S I- Z -(/)

a. c (/) w >- (j)o DRIVE WEIGHT 140 lbs. (Auto) DROP 30"
w ~OJ 0 0 (/) (j):::J
a -> -l 0 «:l._ ro ~ >- --.l SAMPLED BY MDE LOGGED BY MDE REVIEWED BY LLG(I) ....

0 a: u
0 DESCRIPTION/INTERPRETATION

0 CL ALLUVIUM:
Brown (7.5 YR 5/4), damp, very stiff, silty CLAY.
Stage I cementation, sparse calcium carbonate filaments, weakly cemented,
moderate reaCtion with HCL. -

5

15

20

10

(/) u::-w z DATE DRILLED 7/11/01 BORING NO. CH-7
-l ~ U

0-:;:;- a. I- ;:R a.
~ 0 0 ~ i= GROUND ELEVATION 1306' SHEET 2 OF(I) ~

-l 2
(I) « 0 w >- 0 «.(/):::::. (/) u.. a: I- ro u· METHOD OF DRILLING CME 75, 8" Diameter Hollow-Stem Auger-- (j) _U

I -- Cf) :::J
~ u.. .

l- S I- Z -Cf)
a.. c (j) w >- (j)' DRIVE WEIGHT 140 Ibs. (Auto) DROP 30"
w ~~

0 a (j) Cf):::J
0 -l 0 «:l._ co :2: >- --.l SAMPLED BY MDE LOGGED BY MDE REVIEWED BY LLGro ....a a: ua DESCRlPTION/lNTERPRETATION

20 GM ALLUVIUM: (continued)

66
Pale brown (10 YR 6/3), dry, dense, silty GRAVEL.

- Stage II cementation, thin calcium carbonate coating, matrix loose,
weak to no reaction with HCL.

--
Total Depth = 21.5'
Groundwater not encountered.
Backfilled on 7/11/01.

--

--

25 - '-f-

I-f-

-~

--

--

3D - --

--

-- .

I-f-

'-f-

35 - --

f--

f-f-

f-f-

f-f-
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BORING LOG

Few [me gravel; trace cobbles.
Stage II cementation below 15 feet, continuous calcium carbonate coatings
on gravel grains, matrix loose.

SM Pale brown (10 YR 6/3) to brown (10 YR 5/3), dry to damp, medium dense,
silty SAND; few fine gravel.

1.5 Dense.

1.7 107.4

--- - --- -- - -- -- - -- ------- - - --- --- -- -- - - - - - - --- - --- - - - - - - -- - - - - - - - -- - - - -- - - - - - -- -- - - - - - - - - -- -- --- - - -- --- ---

ML Pale brown (10 YR 6/3) to brown (7.5 YR 5/4), dry to damp, medium dens~~-----------

clayey SILT.

32

30

11 9.3

13

31

1V'
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PROJECT NO. DATE FIGURE
600198001 1/02 A-17

5

(J) u::-UJ z DATE DRILLED 7/17/01 BORING NO. CH-9
.....J u

-;:; 0- I- ?F- a.. 0
Q) ~ 0 -I t= GROUND ELEVATION 1306' SHEET 1 OF 2
Q) « 0 w >- 0 «(/)

'+- u... !:::(J) 0:: co u· METHOD OF DRILLING CME 75, 8" Diameter Hollow-Stem Auger-... _U
I (J) ::J (J)

~ u... •
l- S I- Z -(J)

0- c (J) w >- (J)' DRIVE WEIGHT 140 Ibs. (Auto) DROP 30"
UJ ..l<:Q) 0 0 (J) (J)::J

0 -> .....J 0 «::l._ co ~ >- -I SAMPLED BY MDE LOGGED BY MDE REVIEWED BYco .... LLG
0 cr: u

0 DESCRIPTION/INTERPRETATION

0 SM ALLUVIUM:
Pale brown (10 YR 6/3), dry, loose, silty SAND; few fine gravel.
Stage I cementation.

15

56 ,

It
iii
EIE
IE.!

21 0.7 Ir~E'EI

IIIr"'I
20

I,

10

(J) u::-UJ z DATE DRILLED 7/11/01 BORING NO. CH-8
.....J ~ U

0-;:;- 0- I- ;:oR 0-

~ 0 0 ~ t= GROUND ELEVATION 1306' SHEET 2 OF(1) ~

.....J 2
(1) « 0 w >- 0 «(/)

'+- !:::(J) u... cr: co u· METHOD OF DRILLING CME 75,8" Diameter Hollow-Stem Auger--- _U
I 1--,- (/) ::J (J)

~ u... •
l- S I- Z -(/)

0.. C (J) UJ >- (/). DRIVE WEIGHT 140 Ibs. (Auto) DROP 30"
w ~Q) 0 0 (J) (/)::J

0 -> -I 0 «::l._ co ~ >- -I SAMPLED BY MDE LOGGED BY MDE REVIEWED BY LLGco ....
0 cr: u

0 DESCRIPTION/INTERPRETATION

20 ISM/GM ALLUVIUM: (continued)

27 3.9
Light yellowish brown (10 YR 6/4), dry to damp, dense, silty SAND with

- gravel.
Stage II cementation.

--
Total Depth = 21.5'
Groundwater not encountered.
Backfilled on 7/11/0l.
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25 - 1-1-

1-1-

-I--
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3D - f-f-
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1--- .

f-I-

f-f-

35 - f-I--
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1--1--

:-1--
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1--

1--

-I-

-I-

DROP __-----=3::.;:0_" _

LLG

BORING NO. CH-lO

SHEET _-=-1_ OF 2

MDE LOGGED BY MDE REVIEWED BY
_--::=';:'---

DESCRIPTION/INTERPRETATION

DATE DRILLED ....:.7:..:11:..::1/,-,::0.=-1 _

DRIVE WEIGHT ~1..:;40::..;1:.:::b::c:s'-l(~A~ut::::oL) _

SAMPLED BY

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

GROUND ELEVATION =13:..:;0..:;.6_' _

ALLUVIUM:
.Brown (7.5 YR 5/4), dry to damp, hard, silty CLAY.
Stage II cementation, scattered caliche filaments, weakly cemented.

z
.0
i=.
<{(f)u·_U
u... •
-(I)
(f).
(f)::>
<{
...J
U

....J
o
a:J
~
>­
(f)

SC Pale brown (10 YR 6/3), dry to damp, very dense, clayey SAND.

Scattered fme gravel.
Stage II cementation, continuous calcium carbonate coatings on gravel
grains.

0/ CL
~/
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~
~
~
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~
~
~
~
~
~ ---------- -- -------------------------- -- --- ---------------------------------------------------------------------------

8M Pale brown (10 YR 6/3), dry to damp, very dense, silty SAND.
Stage II cementation below 14.5 feet; moderately cemented.
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z
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o
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u
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7.4 92.0
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11.3 105.9

13.272

-
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<I.l « 0 w..... u... a::(I) --I f-- (f) ::>
l- S I-
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W ..::.!.(I) 00 -> ...J
::1._ m ~a:J'-
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°
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~I 72/11"

I--f-

15 --,

-

2

5- -

40
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-
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- 183/11 "
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10 - -,
25

'-

'-

. r--

I 50/4"
1--

BORING NO. CH-9

SHEET _?=..__ OF

Total Depth = 21.5'
Groundwater not encountered.
Piezometer installed on 7/17/01.

DRIVE WEIGHT ---=1:...:.4.::..0,;.::Ib=s.:....;(o.::.;A=u=to:.<,.) _

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

DATE DRILLED ....:.7.:....:/1:....:.7.:....:/0:..::1 _

DROP __-----=3:..::0'---" _

SAMPLED BY MDE LOGGED BY MDE REVIEWED BY _....::L=L:.=G__

DESCRIPTION/INTERPRETATION

GROUND ELEVATION =.:13:..::0.=..6_' _

ALLUVIUM: (continued)
Pale brown (10 YR 6/3), damp, dense, clayey SAND.
Stage II cemen~ation.

8C
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-I--

15 -f---

32 4.4 110.7

20

BORING LOG

Few sand.

Hard.

ALLUVIUM:
Brown (7.5 YR 5/4), dry, very stiff to hard, silty CLAY.
Stage I cementation, scattered caliche filaments, weakly cemented by
calcium carbonate, moderate reaction with HCL. ..

u: z DATE DRILLED 7/13/01 BORING NO. CH-ll
~ u
;:R 0.. 0
0 - i=. GROUND ELEVATION BOT SHEET 1 OF- ..J 1
w >- 0 «(/)
a: !::: OJ u· METHOD OF DRILLING CME 75,8" Diameter Hollow-Stem Auger::J (/)

_U
~ u.. .

I- Z -(/)
(/) ill >- (/). DRIVE WEIGHT 1401bs. (Auto) DROP 30"

0 (/) (/)::J
0 «
~ >- ....J SAMPLED BY MDE LOGGED BY MDE REVIEWED BY LLGa: U

0 DESCRIPTJON/INTERPRETATION

Total Depth = 17.0'
Groundwater not encountered.
Backfilled on 7/13/01.

0.3

~ CL

~
~
~
~

6.2 lOLl ~
~
~
~
~

~
~
~
~
~
~
~
~
~16.7 104.4 ~

~
~________ m _ ____ _

SW-SM Very pale brown (10 YR 7/4), dry, medium dense, SAND with silt; few
fine gravel.
Stage II cementation.

11.1

(/)
ill
..J

-;; n.. I-
Q) ~ 0
Q) « 0::::. u..(/) -...
I - .-- (/)

I- ~0.. C 0ill ~ Q)

0 :i > ....J

OJ ..... OJ
0

0=

f-
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-
24

-
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-

I- -

- r 23

- -

10--

32-

- I-- --------
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h
(/)n u: BORING NO.li ill z DATE DRILLED 7/11/01 CH-1O

Ii
..J u

0-;; n.. I- ;:R n..
~ 0 0 - i=. GROUND ELEVATION 1306' SHEET 2 OF 2Q) ~

..JQ) « 0 ill >- 0 «(/)
II - I-- (/) u.. c:: OJ u· METHOD OF DRILLING CME 75,8" Diameter Hollow-Stem Auger-- ::J U5 _U

I

I 1-- (/)
~

u.. .
I- ~ I- Z -(/)

a. c (/) ill >- (/). DRIVE WEIGHT 140 lbs. (Auto) DROP 30"
w ~ Q) 0 0 (/) (/)::J

0 :i > ..J 0 «
I OJ Ci

OJ ~ >- ..J SAMPLED BY MDE LOGGED BY MDE REVIEWED BY LLG
0:: u

I 0 DESCRIPTION/INTERPRETATION

1

20 , SM Pale brown (10 YR 6/3), dry to damp, medium dense, silty SAND; scattered

24 3.3
fine gravel.

I f- Stage II cementation, moderately cemented.

I Total Depth = 21.5'
I f- - Groundwater not encountered.

II
Backfilled on 7/11/01.
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DROP __---'3~0~" _

BORING NO. CH-13

SH EET _.::...1_ OF _--,1,--_

MDE LOGGED BY MDE REVIEWED BY _-=LL:=.G::::.-_

DESCRIPTION/INTERPRETATION

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

DATE DRILLED 7~/=-=13~/0~1 _

GROUND ELEVATION .::.:13::..01",-0_' _

DRIVE WEIGHT ---tl;:!:40~lb~s.c...l(~A~ut~o"L) _

SAMPLED BY

Stage II cementation, few sand.

CL ALLUVIUM:
Brown (7.5 YR 5/4) to light brown (7.5 YR 6/4), damp, very stiff, silty
CLAY.
Stage I cementation, non-cemented to weakly cemented, few calcium
carbonate filaments. "

CL Brown (7.5 YR 5/4) to light brown (7.5 YR 6/4), damp, very stiff, silty
CLAY.

SM Light brown (7.5 YR 6/4), damp, medium dense, silty SAND.

ML Light brown (7.5 YR 6/4), dry, dense, clayey SILT; few sand.
Stage II cementation, scattered calcium carbonate filaments, continuous

z
o
i=.«(/)
u·_Uu.. .
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en:::>
«
....J
U

.. -- ----- .... -- -- ------ ---- --------_ .... ---- ----- -- ---- -- ----_ ........ -- ---- -- -------------- .. -- ------ -- ----- ------- --- --~---_ .. --

....J
o
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~
>­
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ML Brown (7.5 YR 5/4), damp, loose to medium dense, clayey SILT.
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0 -> ....J
:::l._ a)
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a
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~I-

~I-
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10 -I-

15 --- -------- ------- --------

DROP __-:3::.:;0c-" _

LLG

BORING NO. CH-12

SHEET _.::...1_ OF

MDE LOGGED BY MDE REVIEWED BY

DESCRIPTION/INTERPRETATION

DATE DRI LLED 7:..:...1=-=13::.:.;/0~1'_____

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

GROUND ELEVATION .::.:13=0"-9' _

DRIVE WEIGHT --=1..:.40~lb~s._'(=A=u_'_=to....) _

SAMPLED BY

CL ALLUVIUM:
Light brown (7.5 YR 6/4), dry, very stiff, silty CLAY.
Stage I cementation, weakly cemented by calcium carbonate.

SM Light brown (7.5 YR 6/4)' to reddish brown (5 YR 5/4), dry, dense to
medium dense, silty SAND; few fine gravel.
Stage II cementation.
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Total Depth = 16.5'
Groundwater not encountered.
Backfilled on 7/13/01.
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I
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I
I~~~~~~~~~~~~;;;;;:;;;;;;;;;~~~~~~~~~!20 ,
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BORING LOG I"Mi"up&.AA~DOre 11--------==-.:E=a-.:st=-M.=..::...an:..·c..=o.....:pa=F:..l-oo=d=-wa-=-y-==--------l!

.-, ,"'J&#' .". - PR~i~ioo~O_I""'I"H~flrl~tii""in FI~_~~E I

Total Depth = 16.5'
Groundwater not encountered.
Backfilled on 7/13/01.
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BORING NO. CH-15___-:::::=-::0:::- _

SHEET _~1_ OF _-=2:....-_

BORING LOG

DROP :::.:30::...." _

MDE LOGGED BY MDE REVIEWED BY _--:::LL::::.:G=:..-_

DESCRIPTION/INTERPRETATION

Hard.

DATE DRILLED ...:..7~/1:.::::3:..:::iO:..:.l _

GROUND ELEVATION 1313'-'-'""----------

DRIVE WEIGHT -=-14.:..::0~1.::::bs::.:....~(A~u::.:.to~) _

SAMPLED BY

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

ALLUVIUM:
Brown (7.5 YR 5/4), dry to damp, stiff to very stiff, silty CLAY.
Stage I cementation, scattered calcium carbonate nodules less than 114"
in diameter, weakly cemented.

CL
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Total Depth = 18.3'

22

52 2.9

Stage II cementation below 12.5 feet; color changes to pale brown (10
63 YR 6/3), moderate reaction to HCL, calcium carbonate nodules less than

1/4" in diameter.

35

13

f­a
a
LL--(j)

5a
-l
en

76/9" 5.7

.~~~~~~_ 3.4 _2.~:?__,
---t--j~-llllilliL...!M~L_..\, Light brown to reddish brown, dry to damp, very dense, sandy SILT;

sparse fme gravel, calcium carbonate nodules less than 1/4"in diameter,
gravel fraction coated by calcium carbonate.
Sta e II cementation.
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30"

OF _--=1:....-_

CH-14

DROP

BORING NO.

SHEET _;.1_

BORING LOG

MDE LOGGED BY MDE REVIEWED BY _-=LL=cG:::..-_

DESCRIPTION/INTERPRETATION

Total Depth = 19.0'
Groundwater not encountered.
...:. ,~. (PI' nn 7/1 ':\101

Stiff.

Few sand.

Hard; scattered caliche filaments.

GROUND ELEVATION =.:13~1:.::::0_' _

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

DATE DRI LLED 7:..:.../=13~/0::..::1,--__

DRIVE WEIGHT ---=.14..:.:0:;;..;1~b~s.c..l(~A~ut~o:L) _

SAMPLED BY

ALLUVIUM:
Light brown (7.5 YR 6/4), dry to damp, very stiff, silty CLAY.
Stage I cementation, trace calcium carbonate filaments, weakly cemented
by calcium carbonate; weak reaction with HCL.

CL
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LL •
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(j):::>

«
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u

Shoe plugged by cobble.

.: SW-SM Light brown (7.5 YR 6/4) to light bluish gray (10 B 8/1), dry, medium
dense, SAND with silt and sand; few gravel, trace cobbles.
Stage II cementation below 15 feet; calcium carbonate coatings on gravel
grains.
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40 -L...L...J.__-L_--L__L-....L..__-.l.. --11

DROP -=-30=--" _

LLG

BORING LOG

MDE LOGGED BY MDE REVIEWED BY ----=::::::...:==---
DESCRIPTION/INTERPRETATION

Light bluish gray (10 B 811), dry, very dense, silty SAND; scattered fine
gravel.
Stage II cementation below 18 feet.

Hard.

Light brown (7.5 YR 6/4) to light bluish gray (10 B 811), dry, medium
dense, silty SAND.
Stage I cementation, weakly cemented by calcium carbonate, moderate
reaction with HCL.

GROUND ELEVATION .::.;13::.::1:.::.5_'_---'- _

DATE DRILLED .:..:.7/~13~/0~1,-----__
:1

BORING NO. ..;;:Cc=..:H:.....:-l:..:;::6 li
SHEET 1 OF _....:2=--_1

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

DRIVE WEIGHT ---::1:..:.40:::-:..::1b~s.~(~A~u~to:L) _

SAMPLED BY

ALLUVIUM:
Light brown (7.5 YR 6/4), dry to damp, very stiff, si~ty CLAY.
Stage I cementation, weakly cemented by calcium carbonate, moderate
reaction with HCL.

8M

CL

CL Light brown (7.5 YR 6/4), dry, hard, silty CLAY.
Stage I cementation.
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CH-15

OF 2

BORING NO. ----"-'=..:=-----
SHEET _=-2_

BORING LOG

Groundwater not encountered.
Backfilled on 7/13/01.

GROUND ELEVATION .::.;13::.::1:.:::.3_' _

DATE DRI LLED -'-7:..:/1c:::3/:..;::0~1 _

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

DRIVE WEIGHT 140 ibs. (Auto) DROP =.;30,,--" _

SAMPLED BY MDE LOGGED BY MDE REVIEWED BY _--=L:.=L.:::G__

DESCRIPTION/INTERPRETATION
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LLG

30"DROP --_-=...::._---

BORING NO. CH-17

SH EET _-=--_ OF _--,2,,-_

BORING LOG

MDE LOGGED BY MDE REVIEWED BY --==...:=----
DESCRIPTION/INTERPRETATION

Hard.

Dense.

Very stiff.

Hard. '
Stage'I cementation, scattered fine gravel, trace filaments of calcium
carbonate.

Light bluish gray (10 B 8/1), dry to damp, very dense, silty SAND.
Stage II cementation, sparse fine gravel, gravel fraction has calcium
carbonate coatings.

DRIVE WEIGHT ~1~40~lb~s:...:.(~A~u~to~) _

SAMPLED BY

METHOD OF DRILLING CME 75,8" Diameter Hollow-Stem Au,ger

DATE DRILLED ...:..:7/~1::::.3/~0=-1 _

GROUND ELEVATION =.:13~1~6_' _

ALLUVIUM:
Brown (7.5 YR 5/4), dry to damp, very stiff, silty CLAY with fine sand.
Stage I cementation, scattered caliche filaments.
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DROP __-.;3::....::0,-" _

BORING NO. ...:::C::..:Hc...:-1:..::.6 _

SHEET _.:::..2_ OF _c...:2=---_

BORING LOG

Very dense; poor recovery, cobble fragments only.

Light bluish gray (10 B 8/1) to reddish brown (5 YR 5/4-), dry to damp,
dense, silty SAND.
Stage II cementation, trace to few cobbles, calcium carbonate coatings on
cobbles.

DATE DRI LLED -:.7:...:./1:..:::3:...:./0::..:1'--__

SAMPLED BY MDE LOGGED BY MDE REVIEWED BYLLG

DESCRIPTION/INTERPRETATION

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

DRIVE WEIGHT ~1:...:.4~0~lb~s-,-.(~A~u::::to~) _

GROUND ELEVATION =.:13::.;:1:.:::,5_' _

CL Brown (7.5 YR 5/4) to pale brown (10 YR 6/3), dry to damp, hard, silty
CLAY.
Stage II cementation, scattered caliche nodules.

8M Reddish brown (5 YR 5/4), dry to damp, dense, silty SAND; sparse fine
gravel.
Stage II cementation, gravel fraction has thin calcium carbonate
coatings on all sides.

49 0.1

Total Depth = 33.3'
Groundwater not encountered.
BackfIlled on 7/13/01.

64 1.9 116.7

50/4"

.'§.?~~~~., ------- --------

.'§.!~~~'.- _?_._Q_. -------­
r---t----j--14'--~C~L:..._-J, Pale brown (10 YR 6/3) to reddish brown (5 YR 5/4), damp, hard, silty

CLAY.
Sta e II cementation, thin calcium carbonate layers less than 1/8" thick.
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FIGURE
A-31

DROP ----=..:::_---

BORING NO. ~C~H:::.:!-1~8 _

SHEET _..:..-_ OF _-=.2:::....-_

East Maricopa Floodway
Chandler Heights Detention Basin

BORING LOG

PROJECT NO. DATE
600198001 1/02

MDE LOGGED BY MDE REVIEWED BY _----'O=.....:=--_

DESCRIPTIONflNTERPRETATION

Few fine sand.

No recovery.

Very stiff.

GROUND ELEVATION ",13,-,,1,-,,-8_' _

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

DRIVE WEIGHT --=1..:.:40~lb~s.~(~A:.:::u:.::::to:L.) _

SAMPLED BY

DATE DRILLED 7:.:../=13~/0:::..:::1,--__

ALLUVIUM:
Pale brown (10 YR 6/3), dry to damp, hard, silty CLAY with sand.
Stage I cementation, scattered caliche filaments.

FILL:
Brown (7.5 YR 5/4), dry to damp, hard, silty CLAY; trace fine sand, no
rootlets.

CL

8M . Brown (7.5 YR 5/4), dry to damp, dense, silty SAND.
Stage I cementation, weakly cemented, weak reaction with HCL.
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CH-17

OF _-=.2::....-_

DROP :::..:30,,-" _

BORING NO. --_---=.:=.....:::..:..-_--

SHEET _-=-2_

Total Depth = 24.0'
Groundwater not encountered.
Backfilled on 7/13/01.

SAMPLED BY MDE LOGGED BY MDE REVIEWED BY LLG

DESCRIPTION/INTERPRETATION

GROUND ELEVATION =.;13:::..:1~6_' _

DRIVE WEIGHT --=1'-'-40~lb~s.~(~Ao.=u.:.::to~) _

DATE DRILLED 7.:..:../~13~/0:::..:::1,---_

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

ALLUVIUM: (continued)
Brown (7.5 YR 5/4), dry to damp, dense, silty SAND; sparse fine gravel.

~ ----CL----- --iXght-b;~~~-(7j-Y-R6i3):-d~p:d~~;~:-;~dy-CLAY;-~p~~~-fi~~-g-;~~~I.---------------

Stage II cementation, moderately cemented by calcium carbonate.
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BORING LOG

Hard.

Very stiff.

ALLUVIUM:
Light brown (7.5 YR 6/4), damp, stiff, silty CLAY.
Stage I cementation, scattered caliche filaments.

CL

6.8

9.3 113.4

9

54 9.1

65 Few sand.

78 6.2 98.8
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PROJECT NO. DATE
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(/) u..LU Z DATE DRILLED 7/12/01 BORING NO. CH-19
...J u 0-:;::; a... I- eft a...

(1) 2 0 ...J i= GROUND ELEVATION 1318' SHEET OF 2
(1) « 0 LU >- 0 «u:l- LL a: I- u·(/) -- co _U METHOD OF DRILLING CME 75, 8" Diameter Hollow-Stem Auger

I (/) :J Cf)
2 LL •

l- S I- Z -(/)

Cl.. C (/) LU >- (/). DRIVE WEIGHT 140 Ibs. (Auto) DROP 30"
w ":>::(1) 0 0 (/) (/)=>
0 -> ...J 0 «::l._ co 2 >- ...J SAMPLED BY MDE LOGGED BY MDE REVIEWED BYco'" LLG

0 a: U
0 DESCRIPTION/INTERPRETATION

0 SM FILL:
Brown (7.5 YR 5/4), damp, dense, silty SAND.

5

20

15

10

(/) u:LU
U z DATE DRILLED 7/13/01 BORING NO. CH-18

...J - 0-:;::; Cl.. I- eft Cl..

2 0 ~ i=. GROUND ELEVATION 1318' SHEET 2 OF(1) ~

...J 2
(1) « 0 LU >- 0 «Cf)
~

(/)-
LL a: !:: co u· METHOD OF DRILLING CME 75, 8" Diameter Hollow-Stem Auger-- _U

I -,- (/) :J (/) 2 u.. .
l- S I- Z -Cf)
Cl.. C (/) LU >- Cf).

DRIVE WEIGHT 140 Ibs. (Auto) DROP 30"
LU ":>::(1) 0 0 (/) (/):J
0 -> ...J 0 «::l._ co 2 >- ...J SAMPLED BY MDE LOGGED BY MDE REVIEWED BY LLGco'"0 a: u

0 DESCRIPTION/INTERPRETATION

20 '7 CL ALLUVIUM: (continued)
'/ Pale brown (10 YR 6/3), dry to damp, hard, silty CLAY with sand and fine

61 11.5 90.4 '/-
~

gravel. Stage II cementation, scattered caliche filaments, sand and
gravel grains coated on all sides.

--
Total Depth = 21.5'
Groundwater not encountered.
Backfilled on 7/13/0l.
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BORING lOG

Stiff.

Very stiff.

CL Pale brown (10 YR 6/3), dry, hard, silty CLAY.
Stage II cementation, few caliche nodules less than 1/2" in diameter.

.. ---------_.. ---_ .. -- .. -_ .... - ------_ ...... -- --- ------ -_ .. ----- .. -_ ... - .... - .. --_ .. -_ .... -- ------- -----_ .. ----- -- -------- - - - - --- - -- --- ---

ML ALLUVIUM:
Pale brown (10 YR 6/3), dry, medium dense, SILT; few gravel and sand.

----SM---- -.~~,!g~}- ~_~IE~g~'!~_~~_~_':~!!~~~s!_~~·!!~!J:.~XlJ_~~g~~ ... -- ---- ------------------------------- ------ ---­
Very pale brown (10 YR 7/4), dry to damp, medium dense, silty SAND; few
gravel. Stage II cementation.
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3.9 109.6

3.9 98.6
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PROJECT NO. DATE FIGURE
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5

(f) u..L.U
U Z DATE DRILLED 7/11/01 BORING NO. CH-20

....J 00- r- ~ 0-
+-'

~ 0 0 i= GROUND ELEVATION 1316' SHEET 1 OF 2Q) ....J
Q)

<r: 0 w >- 0 <r:cn.... u.. cr: r- u·(f) -- CO _U METHOD OF DRILLING CME 75, 8" Diameter Hollow-Stem Auger
I (f) :::J (f)

~ u.. .
r- S f- Z >-

-(f)

0- C (f) L.U (f). DRIVE WEIGHT 140 Ibs. (Auto) DROP 30"
w ~Q) 0 0 (f) (f):::J

0 -> ....J 0 <r:::l._ co ~ >- ....J SAMPLED BY MDE LOGGED BY MDE REVIEWED BY LLG.co ....
0 cr: u

0 DESCRIPTION/INTERPRETATION

0 CL FILL:
Pale brown (10 YR 5/4) to brown (7.5 YR 5/4), dry to damp, very stiff,
silty and sandy CLAY.
Stage I cementation.

20

15

10

I
(f) -

LLw z DATE DRILLED 7/12/01 BORING NO. CH-19
....J ~ U 0-:;::; 0- r- <J2. 0-

~ 0 ~ i=. GROUND ELEVATION 1318' SHEET 2 OFQ) ~

....J 2
Q)

<r: 0 w >- 0 <r:(f).... t:(f) u.. cr: co u· METHOD OF DRILLING CME 75, 8" Diameter Hollow-Stem Auger-- _U
I f-- (f) ::> (f)

~ u.. •
r- S r- z -(f)

0- C (f) L.U >- ~:::5 DRIVE WEIGHT 140 Ibs. (Auto) DROP 30"
w ~Q) 0 0 (f)

0 -> ....J 0 <r:::l._ co ~ >- ....J SAMPLED BY MDE LOGGED BY MDE REVIEWED BY LLGco ....
0 cr: u

0 DESCRIPTION/INTERPRETATION

20 ,
I

8M ALLUVIUM:· (continued)
Pale brown (10 YR 6/3), dry to damp, very dense, silty SAND.

38 4.1 Stage II cementation, moderately cemented by calCium carbonate,f--

'-
continuously cemented matrix.

--
!

-
77 3.1 106.6 t

-
Total Depth = 24.0'
Groundwater not encountered.

25 - I-f- Backfilled on 7112/0I.
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I BORING LOG
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PROJECT NO. I DATE I FIGURE
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..........

DROP __---'3:::.:0'-" _

LLG

BORING NO. ..:::C~Hc.=-2:=.1 _

SHEET 1 OF 2

BORING LOG

MDE LOGGED BY MDE REVIEWED BY ----==:::......-
DESCRIPTION/INTERPRETATION

Trace rme gravel.

GROUND ELEVATION 1315'
~'-"----------

DATE DRILLED _~~~7/~12=:!./~01~__

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

DRIVE WEIGHT ---=1:...:.4::..0.:.:lb~s:....:.(I.:.A~u~to~) _

SAMPLED BY

CL FILL:
Brown (7.5 YR 5/4), dry to damp, very stiff, silty CLAY.
Stage I cementation.

ML ALLUVIUM:
Brown (7.5 YR 5/4), dry to damp, medium dense, SILT.

Hard.
Stage I cementation.
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Stage I cementation.
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BORING NO. --'C~H~-=.20~ _

SHEET _=2_ OF _-,2=--_

MDE LOGGED BY MDE REVIEWED BY _-==LL::::,G::::-_

DESCRIPTION/INTERPRETATION

GROUND ELEVATION =-:13~1~6' _

SAMPLED BY

DATE DRI LLED --',.7'-'/1:.::1.:...:/0:.::1 _

DRIVE WEIGHT ---=1--',.40:::..:.::1b=s.o-,(.:.;A=uc:;;to:,L) _

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

ALLUVIUM: (continued)
Pale brown (10 YR 6/3), dry, hard, silty CLAY.
Stge II cementation, few caliche layers with contiuous cementation
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Total Depth = 26.5' '.
Groundwater not encountered.
Backfilled on 7/11/01.
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~I
------- ------ --~ --- --------- ----- --------- -------- ------ ----------------- ----------------------------- ------ ----------------- ---------

:~~~~: SP Pale brown (10 YR 6/3), dry, medium dense, SAND; few fine
::::=: gravel.
:~:::: Stage II cementation, continuous coatings on gravel grains, moderate to
:~~~~= weak reaction with HCL.
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0

20

49
-

f- f- --------

I-
14

f-f--

I
I
I

I

I

I
I

I
I
I
I
I

I
I

I

I
I



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

(f) iLUJ z DATE DRILLED 7/12/01 BORING NO. CH-21
...J ~ U
a.. I- ~ a.. 0.....
2 0 0 ~ i= GROUND ELEVATION 1315'Q) ~

....J SHEET 2 OF 2
Q) <{ 0 LU >- 0 «en:::. (f) u.. a: !:: £Xl U·

l-,...- --- ::J
_U METHOD OF DRILLING CME 75, 8" Diameter Hollow-Stem Auger

I U) (f) 2 u.. .
l- S I- Z -U)

a.. c Cf) LU >- Cf)' DRIVE WEIGHT 140 Ibs. (Auto) DROP 30"
LU ~Q) 0 0 Cf) Cf)::J

0 -> ....J 0 <{:l._ co ~ >-
I£Xl O

....J SAMPLED BY MDE LOGGED BY MDE REVIEWED BY LLGa: u
0 DESCRIPTION/INTERPRETATION

20 I 8M ALLUVIUM: (continued)

l 34 1.9
Pale brown (10 YR 6/3), dry, medium dense, silty SAND.

Stage II cementation.

r~

T 45 1.4 108.5 Dense; scattered fine gravel.

-+-

2,1 38 Medium dense.

i-'-
Total Depth = 25.5'
Groundwater not encountered.
Backfilled on 7/12/01.

--

~~

r~

30J-~

1---

~-

.

I-f-

1-1-

35 - I--~

1---

!-I-

t'-
l-;..-

40

...JV1RYO&JV\OOre-
BORING LOG

East Maricopa FIoodway
Chandler Heights Detention Basin

PROJECT NO. I DATE I FIGURE
600198001 1/02 A-38

(f) iLw z DATE DRILLED 7/12/01 BORING NO. CH-22
...J ~ U -

':;::;' a.. I- ~ a.. 0
2 0 0 - i=. GROUND ELEVATION 1319'Q) - ....J SHEET 1 OF 2

Q) <{ 0 w >- 0 «Cf)
'I- u.. !::(f) a: £Xl u· METHOD OF DRILLING CME 75, 8" Diameter Hollow-Stem Auger-.. _U
I '-,....- Cf) ::J Cf) 2 u.. .
l- S I- Z -Cf)
a.. c U) LU >- Cf)' DRIVE WEIGHT 140 Ibs. (Auto) DROP
LU ':>::Q) 0 0 Cf) Cf)::J 30"

0 -> ....J 0 «:l._ £Xl ~ >-£Xl .... ....J SAMPLED BY MDE LOGGED BY MDE REVIEWED BY LLG
0 a: u

0 DESCRIPTION/INTERPRETATION

0
~

CL FILL:

~
Brown (7.5 YR 5/4), dry to damp, hard, silty CLAY. .

....~ Stage I cementation, weak cementation by trace of caliche filaments .

f-l-- ~
~

f.- ~81/11 "

I'-

5-1- ~
~18 Very stiff.

l- ~
~~l--

~
f.-r

13 ~
~1.---'-

~
10-1- ~

~
CL ALLUVIUM:

26 5.8 91.6

~
Light brown (7.5 YR 6/4), dry to damp, very stiff to hard, silty CLAY.

l- Stage I cementation, few to some caliche filaments.

~l-f.- I.... 1
27 6.9 ~ Hard.

I- !-- ~
~15 -'- ~

79 10.9 106.6 ~-

I!-- !--

~
'- ~100 6.6

'-I- ~
~

20
~

...JV1RYO&JV\OOre-
BORING LOG

East Maricopa FIoodway
Chandler Heights Detention Basin

PROJECT NO. I DATE I FIGURE
600198001 1/02 A-39



BORING LOG

Hard.

Total Depth = 19.0'
Groundwater not encountered.
~ ~,., on 7/11/01

CL ALLUVIUM:
Pale brown (10 YR 6/3), dry to damp, very stiff, silty CLAY.
Stage II cementation, few caliche nodules less than 1/2" in diameter.

CL-ML Brown (7.5 YR 5/4), damp, hard, silty CLAY.
Stage I cementation, trace caliche.

5.2

6.2

6.1

3.4 109.6

~
~
~
~
~
~
~
~
~

~--- --- - - --- - - - - ---- -- - -- - -- -- _._- --- - -- -------- -- - ---- - -- - - - - - ------ - - - -- -- - - -- -- ---- ----- --- - ------- - - - ---- -- - --- -- - --- ---- - -- - -- - ---

91

65

30

-

-

~

13

-r-- --------

50 3.7 100.9

73 4.3 107.2

-
'--

-

,--

,..-

f-

f--c-- --------

-

87
-

-

20

15 -i- ,

-

10 --

JYI
"'~rl24fU1Y'DOre East Maricopa Floodway_ WI14." 060- '~~I -----=-~C:r::hand=ler~Hei~ghts:-=De=tenti:.:.:r0nB=asi::..-n~;::----f1

_. PROJECT NO. I DATE I FIGURE
600198001 1/02 A-41

Total Depth = 26.5' .
Groundwater not encountered.
Backfilled on 7/12/01.

SM Brown (7.5 YR 5/4), dry to damp, dense, silty SAND.
Stage II cementation, carbonate grain coatings.

44 6.3 108.6

f--,..-

f--

~i-

-

f--

f--r--

f---

f-+-

f-i-

35 -~i-

25 --

30 -f-'-

(f) u. DATE DRILLED 7/12/01 BORING NO. CH-22LU
U Z.....I r:..

~

0-:;:; a.. ;::R a..
2 0 0 i=. GROUND ELEVATION 1319' SHEET 2 OF 2(I) - .....I

(I) q: 0 LU >- 0 q:(f)
'+- Ll.. a: !::: u·(f) -- co _U METHOD OF DRILLING CME 75, 8" Diameter Hollow-Stem Auger
I ,..-r- (J) :::> Cf) 2 u. .
l- S I- Z -(f)
a.. c (f) LU >- Cf)' DRIVE WEIGHT 140 Ibs. (Auto) DROP 30"
LU .;,£(1) 0 0 0 (J) (f):::>
0 -> ....I q:

::l._ co 2 >- .....I SAMPLED BY MDE LOGGED BY MDE REVIEWED BY LLGco ....
0 a: U

0 DESCRIPTION/INTERPRETATION

20
~

CL ALLUVIUM: (continued)
89

~
Light brown (7.5 YR 6/4), dry to damp, hard, silty CLAY.

f-

~
f-- ~
~, ~

44 7.9 ~
~- ~

I
I
I
I
I BORING LOG

__AQnoo&:AAoore II-- ---:Ch:.:;=an:::~a.:..:l~::...~M.:.:H:.:..:r:£~~:::~::...~a=.l.::..e~=~n:::o~.:..:i~::r:-=~:.:..as:::in=---------H
I

# , .., fi7" I , • PROJECT NO. I DATE I FIGURE
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• BORING LOG

~
F..~rl2&~·DOpe East Maricopa Floodway

~ ~114'" • ~~--=-=-=-:-:-=~C~hand!!:!..!lerH~eigh~tsD~etent~ionB~asin~_~1
PROJECT NO. I DATE I FIGURE

.. 600198001 1/02 A-42

(j)
W
--l

I-
~

-;; a.. ~

~ 0 0
Q) ~

Q)
« 0 UJ:=. (j) u. cc:--I -~ (j) :J

l- S I-
a.. c 0

(j)
UJ '::'!'Q) 00 -> --l

:::l._ co ~CO .....
0

0

-f-

--

-
22 3.4

-

90

BORING LOG

Total Depth = 24.0'
Groundwater not encountered.
Backfilled on 7/12/01.

---SM---- --p~-~-b~~~;;(iO-YR-(j/3): -dry,--~~ry -d~~~~~-~iity -SAND~-- -- ------- -- -- ---- -- -------- -- ---- ---
Stage II cementation, carbonate coatings on grains.

89

~
"'~r,.&~Oope East Maricopa Floodway
~114 .,. • ......~l~-----=---:--=iCh=andl:::..::erH=.:E:eigh:::::-:tsD=eten::.:;:::tion;..::::Bas:::.::.-in----II

PROJECT NO. DATE FIGURE
600198001 1/02 A-43

25

40

35

30

(j)
u.UJ z DATE DRILLED 7/12/01 BORING NO. CH-24--l U 0a.. I- ~ a..- ~ 0 0 1= GROUND ELEVATION 1316' SHEETQ) --l 2 OF 2

Q)
« 0 UJ >- 0 «en- u. cc: I- u·(j) -- co _U METHOD OF DRILLING CME 75,8" Diameter Hollow-Stem Auger

I (j) :J (j)
~ u. .

l- S I- Z -(j)

a.. c (j) w >- (j)' DRIVE WEIGHT 140 Ibs. (Auto) DROP 30"
UJ '::'!'Q) 0 0 (j) (j):J

0 -> --l 0 «:::l._ co ~ >- --l SAMPLED BY MDE LOGGED BY MDE REVIEWED BYco ..... LLG
0 cc: U

0 DESCRIPTION/INTERPRETATION
20 CL ALLUVIUM: (continued)

37 5.8
Pale brown (10 YR 6/3), dry to damp, hard, sandy CLAY.

2

DROP 3::;.:0::.-" _

LLG

BORING NO. CH-24

SHEET _-=-1_ OF

MDE LOGGED BY MDE REVIEWED BY --==--
DESCRIPTION/INTERPRETATION

Hard.

Weak cementation by caliche.

DRIVE WEIGHT ~1....:.40~Ib~s''-J(~A~u~to~) _

SAMPLED BY

DATE DRILLED ....:.7:...:/1~2~/0~1 _

GROUND ELEVATION =.;13:....:1:..:;:6_' _

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

ALLUVIUM:
Brown (7.5 YR 5/4), dry to damp, very stiff, silty CLAY.
Stage I cementation.

LL
ZU

a.. 0
~ 1=.
>- --l

!::: 0 «(j)

co U·
(j)

_U
~ u. .

Z >-
-(j)

w (j).

0 (j) (j):J

>- «
--l

cr: U
0

~
CL

~
~
~

94.7 ~
~I
~

~
~

5.2

6.4

~
~
~
~
~
~
~

5.8 91.0 ~

~
~
~
~
~

--- --- - -- ------ ~ ---------- -- --- ------------------------------------------------------------------------------------------ -- ---- ---- ---
i!t! SM Pale brown (10 YR 6/3), dry to damp, very dense, silty SAND; scattered
E1E! fme subrounded to rounded gravel.

6.6 109.4 illll~' Stage II cementation, carbonate coatings on grains.

~~t

I!!!.
!i!!!

III!I!

10

17

27

32

-f-

-

-i-

-

-

-

-

'-

-- --------

e-165/11"

5 -'-,

10 -I---

15 -f- ,

f-

20
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DROP __---:3:::..::0:..." _

BORING NO. CH-25----=:.:....=::.-_--
SH EET _=-2_ OF _-=2=--_

Total Depth = 21.4'
Groundwater not encountered.
Backfilled on 7/12/01.

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

SAMPLED BY MDE LOGGED BY MDE REVIEWED BY LLG

DESCRIPTION/INTERPRETATION

DATE DRILLED ----'7.:...:/1:::;:2::...:/0::.;:1'--:-__

GROUND ELEVATION =c13:....:;1=2_' _

DRIVE WEIGHT ~1:..:.40~lb:::.s.,-,(~A~u~to:L) _

ALLUVIUM: (continued)
Pale brown (10 YR 6/3) to light bluish gray (10 B 8/1), dry to damp very
dense, silty SAND with gravel. '
Stage II cementation.

en u..w Z-I ~ U
+J

a.. ~ ~ a.. a
~ 0 0 ~

~CLl ~

....J
CLl « 0 UJ >- a <{en

'+- u.. 1::en cr: co u·-- _U
I -~ Cf) ;:) Cf)

~ LL •
l- S I- Z -Cf)
a.. c Cf) UJ >- (f).

W ~<D 0 a 0 Cf) (f)::>

0 -> -I <{
::J._ co ~ >-co .... ....J

0 cr: u
0

20

116°1
8M

76/11" 4.0
I-

~I-

,-'-

~'-

25 - I-l--

I-!--

I-!--

1-1--

I-!--

30 - I-l--

-I--

--

~I-

'-I-

35 - ~'-

~'-

-

~I-

'-I-

Trace fine gravel

Pale brown (10 YR-6/35-t-;;-b~-;;~~'(7j\TR-5-i4):-d~pjl-~d~-~iity-CLAY~'------------.-

Stage I cementation.

Pale brown (10 YR 6/3) to light bluish gray (10 B 811), dry to damp, very
dense, silty GRAVEL with sand.
Stage II cementation.

CL

GM

---SM---· --p-~-~-b~~;~-(iO-yR·6/35-t~-ligb.t-bi~~i~1;g;~y--(io-B-8/-i)~-dry:~~~ii~~------'-----'---'---'

dense, silty SAND.
Stage I cementation.

1.1 96.1

1.3

32

15

49

36 5.5 105.7

16

92

71/10"

5

en u..w z DATE DRILLED 7112/01 BORING NO. CH-25
-I U

-:;:; a.. I- ?P- a.. a
<D ~ a -I ~ GROUND ELEVATION 1312' SHEET 1 OF 2
<D « a UJ >- a <{en..... I-en LL cr: (l) u·-- U5 _U METHOD OF DRILLING CME 75, 8" Diameter Hollow-Stem Auger:r: (f) ;:)

~ LL •
l- S I- Z -Cf)
0- C (f) W >- (f). DRIVE WEIGHT 140 Ibs. (Auto) DROP 30"
UJ ~CLl a 0 Cf) Cf);:)

0 -> ....J a <{
::J._ co ~ >-co .... ....J SAMPLED BY MDE LOGGED BY MDE REVIEWED BY LLG

0 n: u
0 DESCRIPTION/INTERPRETATI ON

0 CL ALLUVIUM:
Pale brown (10 YR 6/3), dry, silty CLAY.

I
I
I
I
I

I
I,

40

BORING LOG
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PROJECT NO. I DATE I FIGURE
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• BORING LOG

~
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600198001 1/02



(f) u: (f) u.. 7/12/01 BORING NO.

I
w Z DATE DRILLED 7/12/01 BORING NO. CH-26 w z DATE DRILLED CH-26
-I ~ U 0

-I ~ U 0 -
a.. l- '#. a.. a.. I- ;:g a.......
~ 0 ~ i= GROUND ELEVATION 1313' SHEET 1 OF 2

.....
~ 0 0 ~ i= GROUND ELEVATION 1313' SHEET 2 OF 2(I) ~

-I
CJ.) ~

-I
(I) « 0 w >- 0 «CI.i CJ.) « 0 w >- 0 «CI.i:::. (f) L.L 0: I- co u· METHOD OF DRILLING CME 75,8" Diameter Hollow-Stem Auger

:::. (f) u.. 0: !:: co u· METHOD OF DRILLING CME 75, 8" Diameter Hollow-Stem Auger-- _U -- _U

I I 1-,- " (J) ::J (f)
~ u.. . I 1-.- (f) ::J (f)

~
u.. .

l- S I- Z -(f) l- S I- Z -(f)

a.. c (f) w >- (f). DRIVE WEIGHT 140 lbs. (Auto) DROP 30" a.. c (f) w >- (f). DRIVE WEIGHT 140 Ibs. (Auto) DROP 30"
w ..'>::(1) 0 0 (f) (f)::J w ..'>::CJ.) 0 0 (J) (f)::J

0 -> ....J 0 « 0 -> ....J 0 «::l._ co ~ >- -I SAMPLED BY MDE LOGGED BY MDE REVIEWED BY LLG
::l._ CO ~ >- -I SAMPLED BY MDE LOGGED BY MDE REVIEWED BY LLGco .... co ....

I
0 0: U 0 0: U

0 DESCRIPTION/INTERPRETATION 0 DESCRIPTION/INTERPRETATION

0
~ CL ALLUVIUM: 20 8M ALLUVIUM: (continued)

Light brown (T.5 YR 6/4) to brown (7.5 YR 5/4), dry to damp, very stiff, ... _------ ------- -------- ------------ : Pale brown (10 YR 6/3) to light bluish gray (10 B 8/1), dry, very dense,
~ 50/4" 5.3 105.0 ~ CL

I 1-1- ~ silty CLAY. I- "~
\silty SAND with fine gravel; trace cobbles.

~ Stage I cementation. ~!.?:~~}!_~~~~!1_t.?:t}~I!-!_~_~~~~~!~_5:~~!!~g~_9_~_g!.?:i_~~;___________________________________________

~
Brown, dry to damn, hard, silty CLAY with sand.

1-1-

~
1-1- Total Depth = 21.5'

I Groundwater not encountered.

I-- ~ 1-1- Backfilled on 7/12/01.
19 3.7 94.6

8:~

I ~~
I- ~

1-'--

~
~

I
5-1- ~ 25 - -I-

~18
I- '/" -l-

I
'/'/

1--1- '-I-

1-'
~

I ~ -I-

29 6.0 ~ Hard.

~
1--- -l-

I '/'/

10-I-- 30 - -'--

I 60 4.8 104.9
I- '/ -I-

'/

I- '-- -------- ------- -------- ~ ------ ...----- -l-

I
... -_ ...... -- -- --- ---- -- ---- --- .. -- ----- -- ----- --- ..... ------ --- -_ .. ----- -- ..... ---- ... -_ ...... --- ....... -:c-------- ---- .. ----- -- -_ ..

8M Pale brown (10 YR 6/3), dry, medium dense, silty SAND with fine gravel.

1--1 1-1-

I
17 1.5

1-1- 1-1-

-------- ------- -------- --.__... __..- _.... - --- - ---- -- -- - --- -- ---- -- - -- --- ----- --- - --- --- ---- - - -------- --- -- ---- - --- -- -------- -- - --- -- - --- -- - ---

I
GM Pale brown (10 YR 6/3) to light bluish gray (10 B 811), dry, very dense,

15 -I- silty GRAVEL with fine sand; trace cobbles. 35 - f-I-

Stage II cementation.
84

I- f-I-

I !

1-1- I f-I-
i

1-'

,

I ,-1-

, 68 1.7 ; ,
i

I
1-'- '-l-

I20 40

I ....4dnyO&JY\oore
BORING LOG I _4dnYO&JY\oore-

BORING LOG
I
I East Maricopa FloodwayEast Maricopa FIoodway

Chandler Heights Detention Basin Chandler Heights Detention Basin

I PROJECT NO. r DATE I FIGURE PROJECT NO. I DATE I FIGURE

600198001 1/02 A-46 600198001 1/02 A-47

-_...-



DESCRIPTION

METHOD OF EXCAVATION Backhoe, Ford 555 E

LOCATION 0.1 Mi. N of CH-3 on EMF Access Rd., E of Fill Section

ALLUVIUM:
Light reddish brown (5 YR 6/4), loose to dense, dry to damp, clayey
SILT. Few rootlets from 0-6 feet bgs.
Stage I cementation; scattered caliche stringers less than 1/4" long,
moderate reaction with HCL, very weakly cemented by calcium
carbonate.

1/02

DATE

u: z,,~ u
0

--a t:
~ a.

i=.I-
~

>- <!~
II ttl w·

!:: Uua::
00 LL'

u.
::::>

-00

~

z 00,
J: I-

w
00::::>

I- 00
0

<!
a.

0
>- -I

W

~ a:: U
0

0

I I ML0 I

5

East Maricopa Floodway
Chandler Heights Detention Basin

'\
'\

l\. I I I . I \

600198001

PROJECT NO.

~

I I--T~

I rlO~ @ 10 feet bgs, Stage II cementation with scattered caliche filaments,
forming discontinuous, hard, cobble to fine gravel size lenses of
cemented clayey silt up to 1/2" thick and 5" diameter, strong
reaction with HCL within silt and lenses.

" I I I I I I I II- 15 I I I

Total Depth = 12 feet.
Groundwater not encountered during drilling.
Backfilled on 11/26/01.

Excavation Bearing: 200 0

II I I I I I I I II- 20 I I I

II I I I I I I I II- 25 I I I I

."
G) II I I I I I I I lI-
e
:xJ
m

! II SCALE 1 i~./5 ft. I I I I I II I I I I I I I II
00

--~--,---_.._.__.__.- .__._....- ._-----._-_._." -- ..._..
\

II I ~jJ I I I HL W11-~-~MC
i\.

JVD§O&JV\oore___
TEST PIT LOG

East Maricopa Floodway
Chandler Heights Detention Basin

TEST PIT NO. TP-5

LOGGED BY MDE

DESCRIPTION

METHOD OF EXCAVATION Backhoe, Ford 555 E

LOCATION 40'N of CH-6 (MW), E Side of EMF Access Road

DATE EXCAVATED 11/27/01

GROUND ELEVATION --

ALLUVIUM:
Dark yellowish brown (10 YR 4/4), dry to damp, stiff to very stiff,
silty CLAY.
Stage I cementation, weakly cemented, scattered calcium carbonate

t- fEU!!le.!!tsJe~~~ 1i4~I~g..!.~o~r~e.!:e~t~n_w!!h.!I<2L:... _
Strong brown (7.5 YR 4/6), dry to damp, medium dense to dense,
clayey SILT; scattered rootlets, scattered pinhole porosity.
Stage I cementation, moderate reaction to HCL, weakly to non­
cemented, scattered calcium carbonate filaments.

CL

z
o
i=.
<!oou·_Uu. .
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(/)::::>
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U
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U
a.

>­
!::
00
z
w
o
>­a::
o

~
~

w
a::
::::>

.1­
(/)

o
~

00
W
-I
a.
~
<!
00

~ 1" I

o -

i="
w
w
u.

J:
I­a.
w
o

/
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DATE

"'-

600198001

PROJECT NO.

Ir'[

I I- 10 I I I I

') I
@ 10-12 feet, cementation increases slightly to weakly cemented by
calcium carbonate. '"

Total Depth = 12 feet.
Groundwater not encountered during drilling.
Backfilled on 11/27/01.

" I I I I I I I II- 15 I I I Excavation Bearing: 185 0

" I I I I I I I II- 20 I I I I

II I I I I I I I II- 25 I I I I

."
G) II I I I I I I I lI-
e
:xJ
m

! II SCALE 1 i~.l5 ft. I I I I I II I I I I I I I II
<0



·-
-. - _._...... = - - - -- --- ..- ~ -JttD.vO&JV\oore . LU u: DATE EXCAVATED 11/26/01 TEST PIT NO. TP-6...J z0.. U

~ ~ ~ 0.. 0
GROUND ELEVATION LOGGED BY MDE0 1=. --

TEST PIT LOG
LU « ~

LU LU >- «(J)u. (J)
0:: !::: u· METHOD OF EXCAVATION Backhoe, Ford 555 E::) (f)

_U
:r: <I) u. .

East Maricopa Floodway I- Z -(f)
l- e (f) LU (J). LOCATION 500'S of CH-6 , E Side of EMF Access RoadChandler Heights Detention Basin 0.. e 0 (f)::)
LU ~ <I) U 0 0
0 ::J >

~ >- «
OJ 'C -0 ...J

PROJECT NO. DATE 0 e a: U DESCRIPTIONro 0
600198001 1/02 (f)

~
~ 0 • CL ALLUVIUM:

ML Reddish brown (5YR 4/4), stiff to very stiff, dry to damp, silty

"'\
CLAY; scattered calcium carbonate filaments less than 1/4"long,

~ II
scattered pinhole voids, trace sand.
Stage I cementation, weakly cemented.
Yellowish-red (5 YR 5/6), soft to dense, damp, clayey SILT; scattered..

~
, 5 calcium carbonate filaments up to 1/4" long, trace to few pinhole.. voids, trace fine sand, weakly cemented., SM @ 3 feet bgs, increase in amount of cementation by calcium carbonate,

few weakly cemented caliche nodules less than 0.5" in diameter,

""
color change to reddish-yellow (7.5 YR 7/6), loose to medium dense,
dry to damp, clayey SILT; moderate reaction with HCL, few to no
calcium carbonate filaments.
@ 4 feet ·bgs, color changes to light brown (7.5 YR 6/4),

'\
10 fine sand increases from trace to sparse, damp, loose, sandy SILT;

.,J trace tIne gravel.

~
~tage I cementation, little to no calcium carbonate cementation.
Reddish-brown (5 YR 5/3), damp, loose to medium dense, silty fine
SAND with sparse fo few fine gravel; trace coarse gravel.
Stage I cementation, strong reaction with HCL, cementation weak to

15 non-cemented.
@ 12 feet bgs, Stage I cementation, increase in amount of weak
calcium carbonate cementation, sand breaks into hard fragments up to
4" across, no t1laments or nodules observed.
Total Depth = 12.5 feet.
Groundwater not encountered during drilling.
Backfilled on 11/26/01.

20
Excavation Bearing: 197 0

25

SCALE = 1 in./5 ft.
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Moisture Content
The moisture content of samples obtained from the exploratory excavations was evaluated in ac­
cordance with ASTM D 2216-92. The test results are presented on the logs of the exploratory
excavations in Appendix A.

Classification
Soils were visually and texturally classified in accordance with the Unified Soil Classification
System (USCS)in general accordance with ASTM D 2488-93. Soil classifications are indicated
on the logs of the exploratory excavations in Appendix A.

January 4,2002
Project No. 600198001

2

East Maricopa Floodway
Chandler Heights Detention Basin, Maricopa County, Arizona

Soil CorrosiYity Tests
Soil pH and minimum resistivity tests \vere performed on representative samples in general ac­
cordance with Arizona Test 236b. The chloride content of selected samples was evaluated in
general accordance with Arizona Test 722. The sulfate content of selected samples was evalu­
ated in general accordance with Arizona Test 733. The test results are presented on Figure B-65.

Maximum Dry Density and Optimum Moisture Content Tests
The maximum dry density and optimum moisture content of selected representative soil samples
were evaluated in general accordance \\-ith ASTM D 698. The results of these tests are summa­
rized on Figures B-61 through B-64.

Permeability Tests
Constant head permeability tests were performed on selected undisturbed (and remolded) soil
samples in general accordance with ASTM D 2434-68. The samples were placed in the apparatus
and saturated. Water flow through the soil was sustained using a pneumatically induced head at
specified pressures. The quantity of flow, the elapsed time, and the hydraulic gradient were re­
corded. The permeability was then calculated using Darcy's equation. The results of the tests are
presented on Figure B-66.

Expansion Index Tests
The expansion index of selected materials was evaluated in general accordance with U.B.C.
Standard No. 18-2. Specimens were molded under a specified compactive energy at approxi­
mately 50 percent saturation (plus or minus 1 percent). The prepared I-inch thick by 4-inch
diameter specimens were loaded with a surcharge of 144 pounds per square foot and were inun­
dated with tap water. Readings of volumetric swell were made for a period of 24 hours. The
results ofthese tests are presented on Figure B-60.

Unconsolidated Undrained Triaxial Compression Tests
Triaxial compression tests were performed on selected remolded and undisturbed samples in
general accordancewith ASTM D 2850-95. The test results are shown on Figure B-67.

600198001 initial rpt(ch).doc
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APPENDIXB

LABORATORY TESTING

East Maricopa Floodway -
Chandler Heights Detention Basin, Maricopa County, .Arizona

In-Place Moisture and Density Tests
The moisture content and dry density of relatively undisturbed samples obtained from the ex­
ploratory excavations were evaluated in general accordance with ASTM D 2937-94. The test
results are presented on the logs of the exploratory excavations in Appendix A.

Gradation Analysis
Gradation analysis tests were perfonned on selected representative soil samples in general accor­
dance with ASTM D 422-63. The grain-size distribution curves are shown on Figures B-1
through B-48. These test results were utilized in evaluating the soil classifications in accor.dance
with the Unified Soil Classification System.

Atterbere Limits
Tests were perfonned on selected representative fme-grained soil samples to evaluate the liquid
limit, plastic limit, and plasticity index in general accordance with ASTM D 4318-98. 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 Figures B-49 through B-54.

Hydroconsolidatiori (Settlement Potential) Tests
Hydroconsolidation tests were perfonned on selected relatively undisturbed soil samples in gen­
eral accordance with ASTM D 2435-96. The samples were inundated during testing to represent
adverse field conditions. The percent of consolidation for each load cycle was recorded as a ratio
of the amount ofvertical compression to the original height of the sample. The results of the tests
are summarized on Figures B-55 through B-59.

600198001 initial rpt(ch).doc
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EAST MARICOPA FLOODWAY
CHANDLER HEIGHTS DETENTION BASIN

MARICOPA COUNTY, ARIZONA

0.1

Fine

1 -10

Coarse

GRAIN SIZE IN MILLIMETERS

I I I I I t I I I I-t-.
r-...... I I

I I I I '\I I I I I ., I I I I
I I 1 I 1\

I I I I I I I I , I I
I I I I I I I I I I I

I I I I I I

I I I I I I I I I I I
I I I I I

I I I I I I I I I I I I
I

I I I I I I I I I I I
I I r

1/1
I

I I I , I I I I I I
I I I : II I

I , , I I I I I I I
I I I I II I I : II I I

I I I I

Symbol Hole No.
Depth Liquid Plastic Plasticity 0 10 0 30 0 60 Cu Cc

Passing
U.S.C.S

(ft) Limit Limit Index No. 200
('Yo)

• CH-9 5-6.5 - - - - - - - - 60 CL

U.S. STANDARD SIEVE NUMBERS

3" 1-112" 1" 314" 112" 318" 4 8 16 30 50 100 200

o
100

PERFORMED IN GENERAL ACCORDANCE WITH ASTM 0 422-63

100

90

80

f- 70
:c
C>
W 60:;:
>-
!Xl
a: 50ill
Z
u::
f- 40z
ill

~
w 30a.

20

10

SiEVe CH-9@5.xJs

0.0001

Clay .

0.001

FINES

HYDROMETER

0.01

Silt

0.1

GRADATION TEST RESULTS
EAST MARICOPA FLOODWAY

CHANDLER HEIGHTS DETENTION BASIN
MARICOPA COUNTY, ARIZONA

~

( PROJECT NO. DATE '\ FIGURE

\.. 600198001 01/02 J( B·15

Fine

10

Coarse

r-.

~
I I I I

I I ~ I I I I I I I
I ,1' I I :I I I I I I

I I I I I I
~

I I I I
I I I I I I

I I I I I I I ~ I I I
I I I

""
I

I I I I I I , I I I

: : : : :
I I I I I I I I I 1\ I I

I I I I

I I I I I I I I I ~ --J I
I I I I I

Irr--I I I I I I I I I I !.o._

I I I I I I I I I I
:1I I I I I

U.S. STANDARD SIEVE NUMBERS
3" 1-112" 1" 314" 112" 3/8" 4 8 16 30 50 100 200

GRAIN SIZE IN MILLIMETERS

o
100

Symbol Hole No.
Depth Liquid Plastic Plasticity 0 10 0 30 0 60 Cu Cc

Passing
U.S.C.S

(ft) Limit Limit Index No. 200
('Yo)

• CH-8 17.5-19.0 - - NP 0.019 0.33 1.80 95.0 3.2 17 SM

PERFORMED IN GENERAL ACCORDANCE WITH ASTM 0422-63
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SIEVE CH-817.5-19.0 HYDR02.x"
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0.0001

Clay

01/02

DATE

0.001

FINES

HYDROMETER

0.01

Silt

600198001
PROJECT NO"

EAST MARICOPA FLOODWAY
CHANDLER HEIGHTS DETENTION BASIN

MARICOPA COUNTY, ARIZONA

0.1

Fine

10

Coarse

I I I I I '- ........ I I I I
I ........ I ,

I I I I I I I I~ I I
I I 1 I I

I I I I I I I I I Il I I
I I I I

\
I

I I I I I I I I I I I
I I I I I I I I I \ I I

I I I I I

I I I I I I I I I \ I I
I I I I I

I I I I I I I I I \L I
I I ' ........

I I I I I I I I I I
I I I I I

I I I I I I I I I I I
I I I I I I I I I I I I

I I I I I

GRADATION TEST RESULTS

GRAIN SIZE IN MILLIMETERS

U.S. STANDARD SIEVE NUMBERS

3" 1·112" 1" 314" 112" 3/8" 4 8 16 30 50 100 200

Depth Liquid Plastic Plasticity 0 10 0 30 0 60 Cu Cc
Passing

U.S.C.SSymbol Hole No.
(ft) Limit Limit Index No. 200

('Yo)

• CH-10 17.5-19 30 21 9 - - - - - 25 SC

o
100

PERFORMED IN GENERAL ACCORDANCE WITH ASTM 0 422-63

100

90

80

I- 70
J:
(!)
W 60s:
~
cr: 50wz
u:
I- 40zw
()
cr:w 30
0-

20

10

SIEVE CH-10@17.x1s

0.0001

....'"

Clay

0.001

FINES

HYDROMETER

0.01

Silt

0.1

r GRADATION TEST RESULTS
EAST MARICOPA FLOODWAY

CHANDLER HEIGHTS DETENTION BASIN

"- MARICOPA COUNTY, ARIZONA ~

r· PROJECT NO. DATE "\ (FIGURE)

\. 600198001 01/02 J B·17

Fine

10

I I I I I I 11\ I I I I
I I '.l. .... I

I I' I I I I I T T .. I I
I I I I r--" I

I I I I I I I I I I I
I I I I 1 I I I I \ I I

I I I I I
I I I 1- I I I I I \t I

I I I I

I I I I I I I I I ~ I

I I I I I I I I I I
I , I I I

I I I I I I I I I I I
I I I I I

I I I I I I I I I I I
I I I I I I I I I I I

I I I I I

U.S. STANDARD SIEVE NUMBERS

3" 1-112" 1" 3/4" 112" 3/8" 4 8 16 30 50 100 200

Depth Liquid Plastic Plasticity 0 10 0 30 0 60 Cu Cc
Passing

U.S.C.SSymbol Hole No.
(ft) Limit Limit Index No. 200

(%)

• CH-9 20-21.5 34 17 17 - - - - - 37 SC

GRAIN SIZE IN MILLIMETERS

o
100

PERFORMED IN GENERAL ACCORDANCE WITH ASTM 0 422-63
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90

80

I- 70
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W 60s:
>-
<Xl
cr: 50wzu:
I- 40z
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20
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SIEVE CH-9@20.)(1s
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0.0001

Clay'

01/02

DATE

0.001

FINES

HYDROMETER

0.01

Silt

GRADATION TEST RESULTS

600198001
PROJECT NO.

EAST MARICOPA FLOODWAY
CHANDLER HEIGHTS DETENTION BASIN

MARICOPA COUNTY, ARIZONA

0.1

Fine

10

I I I ,r 1'-- ... I I I I I
I I "'{ I I

I I I I I I I I I I
I I I I I I I I ~ I I

I I I I

I I I I I I I I I I I
I I I I

:\
I

I I I I I I I I I , I
I I I : I

I I I I , I I I :-.. I I
I I I I I I I I I

~
I I

I I I I I

I I I I I I I I I \ I I
I I I I

~I I I I I I I I I I
I I I I I I I I I '-

I I I I I

GRAIN SIZE IN MILLIMETERS

U.S. STANDARD SIEVE NUMBERS
3" 1-112' 1" 314" 112" 31S" 4 S 16 30 50 100 200

Symbol Hole No.
Depth Liquid Plastic Plasticity

DlO D30 D60 Cu Cc

Passing
U.S.C.S(ft) Limit Limit Index No. 200

(%)

• CH-11 15.5-17.0 - - NP 0.100 0.26 0.66 6.6 1.0 8 SW~SM

o
100

PERFORMED IN GENERAL ACCORDANCE WITH ASTM D 422-63

100

90

SO

I- 70
:I:
~

iii;;: 60
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<II
a:: 50wzu::
I- 40z
w
ua:: 30w
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20

10

SIEVE CH-1115.5-17.0 HYOR03.x1s

0.0001
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0.001
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HYDROMETER

0.01

Silt

0.1

r
GRADATION TEST RESULTS

EAST MARICOPA FLOODWAY
CHANDLER HEIGHTS DETENTION BASIN

.... MARICOPA COUNTY, ARIZONA
~

r PROJECT NO. DATE ) ( FIGURE)

l 600198001 01/02 B-19

Fine

10

Coarse

I I I I I I I I I 11-- ....... I I
~

I I I l""-I I I I I I I I I I
I I I I \

I I I I I I I I I I
I I I I I I I I I I I

I I I I I
I I I I I I I I I I I

I I I I I
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I I I I I I I I I I I
I I I I I

I I I , I I I I I I ,
I I I I I

I I I I I I I I I I I
I I I I I I I I I I I

I I I I I

U.S. STANDARD SIEVE NUMBERS

3" 1·112" 1" 314" 112" 318" 4 S 16 30 50 100 200

Symbol Hole No.
Depth Liquid Plastic Plasticity D10 D30 D60 Cu Cc

Passing
U.S.C.S

(ft) Limit Limit Index No. 200
(%)

• CH-11 2.5-4 24 14 10 - - - - - 72 CL

GRAIN SIZE IN MILLIMETERS

o
100

PERFORMED IN GENERAL ACCORDANCE WITH ASTM D 422-63
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I- 70
:I:
~

iii 60;;:
>-
<II
a:: 50wz
u::
I- 40z
w
Ua::w 30a.

20
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SIEVE CH-ll@2.5.x1s
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DATE

01/02600198001

GRADATION TEST RESULTS

PROJECT NO.

EAST MARICOPA FLOODWAY
CHANDLER HEIGHTS DETENTION BASIN

MARICOPA COUNTY, ARIZONA

SIEVE CH-12@1S.x1s

/ ""

r GRAVEL SAND FINES 1
I Coarse Fine Coarse Medium Fine Silt I Clay. I

U.S. STANDARD SIEVE NUMBERS HYDROMETER

3" 1-112" 1" 3/4" 112" 318" 4 8 16 30 50 100 200
100 -i-I I I I I 1 I N I I

90 I I I 1\ I

I I I I I I I I I \ I I
80

I I I I I \ I

70 I I I I I I I I I I I
f- I I I I I I I I I ~\ I IJ:
Cl

I I I I Im 60:::
>- I I I I I I I I I I I
<0

I I I I Ia:: 50w

~z I I I I I I I I 1 1u::
f- 40z

1\
w

I I I I I I I I I Iua::
w 30a. I I I I T

I I I I I I I I I I I
20

I I I I I

10 I I I I I I I I I I I
I I I I I I I I I I I

0 I I I I I

100 10 1 0.1 0.01 0.001 0.0001

GRAIN SIZE IN MILLIMETERS

Symbol Hole No.
Depth Liquid Plastic Plasticity

010 D30 0 60 Cu Cc
Passing

U.S.C.S
(ft) Limit Limit Index No. 200

(%)

• CH-12 15-16.5 - - -- - - - - - 21 SM

PERFORMED IN GENERAL ACCORDANCE WITH ASTM 0 422-63

""
.)

0.0001

Clay

0.001

FINES

HYDROMETER

0.01

Silt

0.1

GRADATION TEST RESULTS
EAST MARICOPA FLOODWAY

CHANDLER HEIGHTS DETENTION BASIN

Il1o...
MARICOPA COUNTY, ARIZONA

f PROJECT NO. DATE '\ (FIGURE

\. 600198001 01/02 ) B-21

Fine

10

Coarse

I I - I 1 I IT I It..
I I yo

'"
I

I I I I I I I I I I
I I I I I I I I I I I

I I I I I

I I I I I I I I I 1\ I I1\

I I I I I I I I I !\ I I
r I T I \ I

I I I I I I I I I I I
I I 1 I I I I I I 11 I

I I I I

I I I I I I I I 1 I' I
I I I I I

1 I I I 1 I 1 I I I 1

: I : I . I ......
I I I

....

U.S. STANDARD SIEVE NUMBERS
3" HI2" 1" 3/4" 112" 3/8" 4 8 16 30 50 100 200

GRAIN SIZE IN MILLIMETERS

o
100

Symbol Hole No.
Depth Liquid Plastic Plasticity

D10 0 30 0 60 Cu Cc
Passing

U.S.C.S
(ft) Limit Limit Index No. 200

(%)

• CH-12 7.5-9.0 - - NP 0.016 0.13 0.36 22.1 2.8 21 SM

PERFORMED IN GENERAL ACCORDANCE WITH ASTM 0422-63
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SIEVE CH-12 7.5-9.0 HYDR03.x1s
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01/02

DATE

600198001

GRADATION TEST RESULTS

PROJECT NO.

EAST MARICOPA FLOODWAY
CHANDLER HEIGHTS DETENTION BASIN

MARICOPA COUNTY, ARIZONA
1(JnUO &JV\oore

SIEVE CH-13@15.x1s

, "'

I GRAVEL I SAND FINES

r Coarse Fine I Coarse Medium I Fine Silt I Clay

U.S. STANDARD SIEVE NUMBERS HYDROMETER

3" 1-112" 1" 3f4" 1fZ" 3fS" 4 8 16 30 50 100 ZOO
100 --- ...... r\.I I I I I I I I I I I

90 I I I

I I I I I I I I I \ I I
80

I I T I \ I
I I I I I I I I I I I

~
70

I I I I I I I I I 1\: I:r
CJ

I I I Iill
3: 60

I I \ I>- I ! I I I I Iee
I I I IIX: 50w

I I I I I I Iz I I I Iu:
~ 40 .- IZ
w

I I I I I I I I I I Iu
IX:
W 30 I I I I0- I

I I I I I I I I I I I
ZO

I I I I I
I I I I I I I I I I I

10
I I I I I I I I I I I

I I I I I
0

100 10 1 0.1 0.Q1 0.001 0.0001

GRAIN SIZE IN MILLIMETERS

Depth Liquid Plastic Plasticity Cc
Passing

U.S.C.SSymbol Hole No. 0 10 030 0 60 Cu No. 200(ft) Limit Limit Index
(%)

• CH-13 15-16.5 25 22 3 - - - - - 40 SM

PERFORMED IN GENERAL ACCORDANCE WITH ASTM 0 422-63

\... ~

0.0001

Clay

0.001

FINES

HYDROMETER

0.01

Silt

0.1

.GRADATION TEST RESULTS
EAST MARICOPA FLOODWAY

CHANDLER HEIGHTS DETENTION BASIN

Ilt... MARICOPA COUNTY, ARIZONA

( PROJECT NO" DATE 3( FIGURE

l 600198001 01/02 B-23

Fine

10

Coarse
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I 1 I I 1'\

I I I ! I ! I I I I I
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I I I I I I I I I I I
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1 I I I I

I I I I I I I I I I I
I T I I I

I I I I I I I I I I I
I I I I I I I I I I I

I I I I I

Depth Liquid Plastic Plasticity Cu Cc
Passing

U.S.C.SSymbol Hole No. 0 10 0 30 060 No. 200(ft) Limit Limit Index
(%)

• CH-13 5-6.5 30 28 2 - - - - - 79 ML

GRAIN SIZE IN MILLIMETERS

U.S. STANDARD SIEVE NUMBERS

3" HI2" 1" 3f4· 112" 3fS" 4 S 16 30 50 100 ZOO

o
100

PERFORMED IN GENERAL ACCORDANCE WITH ASTM 0 422-63
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0.0001

Clay

0.001
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HYDROMETER

0.01

Silt

0.1

GRADATION TEST RESULTS
EAST MARICOPA FLOODWAY

CHANDLER HEIGHTS DETENTION BASIN
MARICOPA COUNTY, ARIZONA

r PROJECT NO" DATE "' (FIGURE
\. 600198001 01/02 ) B·26

Fine

10

Coarse
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I : I I I : i-I I ~'-... -

U.S. STANDARD SIEVE NUMBERS
3" 1-112" 1" 3/4" 1/2" 318" 4 8 16 30 50 100 200

Symbol Hole No.
Depth Liquid Plastic Plasticity

0 10 030 060 Cu Cc
Passing

U.S.C.S
(ft) Limit Limit Index No. 200

1%)

• CH-14 15.0-16.5 - - NP 0.182 0.47 1.12 6.1 1.1 5 SW-SM

GRAIN SIZE IN MILLIMETERS

o
100

PERFORMED IN GENERAL ACCORDANCE WITH ASTM 0 422-63
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W
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0.001
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Slit

600198001
PROJECT NO"

EAST MARICOPA FLOODWAY
CHANDLER HEIGHTS DETENTION BASIN

MARICOPA COUNTY, ARIZONA

0.1

Fine

10

Coarse

I I I I I I I I T -, ........,I I
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GRAIN SIZE IN MILLIMETERS

GRADATION TEST RESULTS

U.S. STANDARD SIEVE NUMBERS

3" 1-112" 1" 3/4" 112" 3/8" 4 .8 16 30 50 100 200

Symbol Hole No.
Depth Liquid Plastic Plasticity 0 10 030 D60 Cu Cc

Passing
U.S.C.S

(ft) Limit Limit Index No. 200
(%)

• CH-14 2.5-4 36 19 17 - - - - - 80 CL

o
100

PERFORMED IN GENERAL ACCORDANCE WITH ASTM 0422-63
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SIEVE CH-14@2.xIs SIEVE CH-1415.ll-16.5 HYDR03.x1s



0.0001

Clay

01/02

DATE

0.001

FINES

HYDROMETER

0.01

Silt.

GRADATION TEST RESULTS

600198001
PROJECT NO.

EAST MARICOPA FLOODWAY
CHANDLER HEIGHTS DETENTION BASIN

MARICOPA COUNTY, ARIZONA

0.1

Fine

10

Coarse

I I I I I I I I T ~r-.. I I,
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GRAIN SIZE IN MILLIMETERS

U.S. STANDARD SIEVE NUMBERS

3" l-1IZ" 1" 3/4" 112" 318" 4 S 16 30 50 100 ZOO

Depth Liquid Plastic Plasticity
0 10 030 0 60 Cu Co

Passing
U.S.C.SSymbol Hole No.

(ft) Limit Limit Index No. 200
(%)

• CH-16 15-16.5 - - - - - - - - 30 SM+CL

o
100

PERFORMED IN GENERAL ACCORDANCE WITH ASTM 0 422-63
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SIEVE Cl+16@15.xJs
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0.001
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. 0.01
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GRADATION TEST RESULTS

600198001
PROJECT NO"

EAST MARICOPA FLOODWAY
CHANDLER HEIGHTS DETENTION BASIN

MARICOPA COUNTY, ARIZONA

0.1

Fine

10

Coarse
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GRAIN SIZE IN MILLIMETERS

U.S. STANDARD SIEVE NUMBERS

3" l-l/Z" 1" 3/4" 112" 3/S" 4 S 16 30 50 100 ZOO

Symbol Hole No.
Depth Liquid Plastic Plasticity

0 10 0 30 0 60 Cu Co
Passing

U.S.C.S
(ft) Limit Limit Index No. 200

(%)

• CH-15 17.5-19 28 23 5 - - - - - 59 ML

o
100

PERFORMED IN GENERAL ACCORDANCE WITH ASTM 0422-63
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-- -- -----------------------------------------------------------------------------....

01/02

DATE
600198001

GRADATION TEST RESULTS

PROJECT NO.

EAST MARICOPA FLOODWAY
CHANDLER HEIGHTS DETENTION BASIN

MARICOPA COUNTY, ARIZONA

SIEVE CH-16@32.5-34.x1s

,
"""

I GRAVEL SAND I FINES I
I Coarse Fine Coarse Medium Fine I Silt Clay 1..

u.s. STANDARD SIEVE NUMBERS HYDROMETER
3· 1-112" 1" 3/4" 112" 3/8" 4 8 16 30 50 100 200

100

I I I I I I 11\ I I I I
90

I I i' I

I I I I I I I ---... I I
80
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I I I I I I I I I I I

I- 70
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I I I I 1\ Iill 603:
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'" I I I I 1\ IC' 50w '\z 1 I I I I I I I I I Iu::
I- 40z \w

I I I I I I I I I I I()
C'
w 300- I I I I

~I I I I I I I I I I
20

I I I I I I

10
I I I I I I I I I I I
I I I I I I I I I I I

0 I I I I I
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GRAIN SIZE IN MILLIMETERS

Depth Liquid Plastic Plasticity
0 30 D60 Cu Cc

Passing
U.S.C.SSymbol Hole No.

(ft) Limit Limit Index
0 10 No. 200

(%)

• CH-16 32.5-34 - - - - - - - - 19 SM+CL

PERFORMED IN GENERAL ACCORDANCE WITH ASTM D 422-63
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GRADATION TEST RESULTS
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PROJECT NO.

EAST MARICOPA FLOODWAY
CHANDLER HEIGHTS DETENTION BASIN

MARICOPA COUNTY, ARIZONA
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GRAIN SIZE IN MILLIMETERS

U.S. STANDARD SIEVE NUMBERS
3" 1·112" 1" 314" 112" 318" 4 8 16 30 50 100 200

o
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Depth Liquid Plastic Plasticity 0 10 D30 D60 Cu Cc
Passing

U.S.C.SSymbol Hole No.
(ft) Limit Limit Index No. 200

(%)

• CH-16 20.0-21.5 - - NP 0.048 0.35 5.19 108.1 0.5 15 SM

PERFORMED IN GENERAL ACCORDANCE WITH ASTM D 422-63
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PROJECT NO.

EAST MARICOPA FLOODWAY
CHANDLER HEIGHTS DETENTION BASIN

MARICOPA COUNTY, ARIZONA
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GRAIN SIZE IN MILLIMETERS

Depth Liquid Plastic Plasticity
D30 D60 Cu Ce

Passing
U.S.C.SSymbol Hole No.

(ft) Limit Limit Index
D10 No. 200

('Yo)

• CH-17 22.5-24 29 19 10 -- - - - - 76 CL

PERFORMED IN GENERAL ACCORDANCE WITH ASTM D 422-63
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GRADATION TEST RESULTS ""

EAST MARICOPA FLOODWAY
CHANDLER HEIGHTS DETENTION BASIN

\0... MARICOPA COUNTY, ARIZONA ~

( PROJECT NO, DATE "'\ (FIGURE

\.. 600198001 01/02 J B-31
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Depth Liquid Plastic Plasticity D30 D60 Cu Ce
Passing

U.S.C.SSymbol Hole No. D10 No. 200(ft) Limit Limit Index
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• CH-17 7.5-9 40 23 17 - - - - - 84 CL
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CHANDLER HEIGHTS DETENTION BASIN
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GRAIN SIZE IN MILLIMETERS

Symbol Hole No.
Depth Liquid Plastic Plasticity 010 0 30 060 Cu Cc

Passing
U.S.C.S(ft) Limit Limit Index No. 200

('Yo)

• CH-19 2.5-4 - - - - - - - - 49 SM

PERFORMED IN GENERAL ACCORDANCE WITH ASTM 0 422-63
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GRADATION TEST RESULTS
EAST MARICOPA FLOODWAY

CHANDLER HEIGHTS DETENTION BASIN
MARICOPA COUNTY, ARIZONA
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r PROJECT NO" DATE ) ( FIGURE
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Symbol Hole No.
Depth Liquid Plastic Plasticity 0 10 0 30 060 Cu Cc

Passing
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(ft) Limit Limit Index No. 200
('Yo)

• CH-18 10-11.5 - - - - - - - - 29 SM

GRAIN SIZE IN MILLIMETERS
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GRADATION TEST RESULTS
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PROJECT NO.

EAST MARICOPA FLOODWAY
CHANDLER HEIGHTS DETENTION BASIN
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GRAIN SIZE IN MILLIMETERS

u.S. STANDARD SIEVE NUMBERS
3" 1·1IZ" 1" 3/4" 1/Z" 3/S" 4 S 16 30 50 100 ZOO

Depth Liquid Plastic Plasticity
0 10 030 0 60 Cu Ce

Passing
U.S.C.SSymbol Hole No.

(ft) Limit Limit Index No. 200
(%)

• CH-20 10-11.5 - - - - - - - - 68 ML
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PERFORMED IN GENERAL ACCORDANCE WITH ASTM 0 422-63
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GRADATION TEST RESULTS
EAST MARICOPA FLOODWAY
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~
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GRADATION TEST RESULTS
EAST MARICOPA FLOODWAY

CHANDLER HEIGHTS DETENTION BASIN
MARICOPA COUNTY, ARIZONA

( PROJECT NO. DATE , (FIGURE)
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(ft) Limit Limit Index No. 200
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Symbol Hole No.
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Passing
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(ft) Limit Limit Index No. 200
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PERFORMED IN GENERAL ACCORDANCE WITH ASTM D 422-63
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CHANDLER HEIGHTS DETENTION BASIN
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Symbol Hole No.
Depth liquid Plastic Plasticity 0 10 0 30 0 60 Cu Cc

Passing

(tt) Limit Limit Index No. 200 U.S.C.S

(%)

• CH-23 7.5-9 21 16 5 - - - - - 50 CL-ML

PERFORMED IN GENERAL ACCORDANCE WITH ASTM D 422-63
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r GRADATION TEST RESULTS
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CHANDLER HEIGHTS DETENTION BASIN
MARICOPA COUNTY, ARIZONA ~

r PROJECT NO" DATE " (FIGURE)
\. 600198001 01/02 J B-41

Symbol Hole No.
Depth Liquid Plastic Plasticity D10 030 060 Cu Co

Passing

(tt) Limit Limit Index No. 200 U.S.C.S

(%)

• CH-22 25-26.5 - - - - - - - - 31 SM

PERFORMED IN GENERAL ACCORDANCE WITH ASTM D 422-63
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• CH-25 20-21.5 - - - - - - - - 11 SM

GRAIN SIZE IN MILLIMETERS

U.S. STANDARD SIEVE NUMBERS

3" l-1IZ" 1" 3/4" 1/2" 3/8" 4 8 16 30 50' 100 200

o
100

PERFORMED IN GENERAL ACCORDANCE WITH ASTM D 422-63

100

90

80

I- 70
J:
C!J
W 603:
>-en
ll: 50wz
u:
I- 40z
w
U
ll:
W 30a.

ZO

10

SIEVe CH-25@20.xls

0.0001

Clay

0.001

FINES

HYDROMETER

0.01

. Silt

0.1

GRADATION TEST RESULTS
EAST MARICOPA FLOODWAY

CHANDLER HEIGHTS DETENTION BASIN
MARICOPA COUNTY, ARIZONA

( PROJECT NO" DATE " (FIGURE
l 600198001 01/02 J B-45

Fine

10

Coarse

I I I I I I I !I -T ~I'- I I
I I I

I I I I I I I II I

""
I I

I 1 I I 1\I I I I I I I I I I
I 1 I 1 1\

I I I I I I I I I I I
I I I I I I I I I I, I I I I

I I I I I I I I I I I
I I I I I

I I I I I I I I I I I
.1 I I I I

I I I I I I I I I I I
I I I I I

I I I I I I I I I I I
I I I I I I I I I I I

" I I 1 I

U.S. STANDARD SIEVE NUMBERS

3" 1-112" 1" 314" 1/2" 318" 4 8 16 30 50 100 200

Depth liqUid Plastic Plasticity 0 10 0 30 0 60 Cu Cc
Passing

U.S.C.SSymbol Hole No.
(fl) Limit Limit Index No. 200

(%)

• CH-25 12.5-14 21 16 5 - - - - - 55 CL

GRAIN SIZE IN MILLIMETERS

o
100

PERFORMED IN GENERAL ACCORDANCE WITH ASTM 0 422-63

JV1nuo&J(toore

100

90

80

I- 70
J:
C!J
W

603:
>-en
ll: 50wz
u:
I- 40zw
~w 30a.

ZO

10

SIEVE CH-25@12.x1s

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



'I -

" " / """

I
I
I

I GRAVEL I SAND I FINES I I GRAVEL SAND FINES

I Coarse I Fine I Coarse Medium Fine I Silt Clay I I Coarse Fine Coarse Medium Fine Silt Clay

I U.S. STANDARD SIEVE NUMBERS HYDROMETER U.S. STANDARD SIEVE NUMBERS HYDROMETER

3" 1·1/2" 1" 314" 112" 318" 4 8 16 30 50 100 200 3" 1·112" 1" 3/4" 1/2" 3/8" 4 8 16 30 50 100 200
100

T
100

I I 1 I I 1 1 1 "r-, I I I 1 I I 1 !P-I---~ I I I

I 90 I I ~ I 90 I I I

~
-..

I I 1 I I 1 I 1 I I 1 I I I 1 I I I I I I I
80 I I I I '\

80 I I I I I1\

I
I I 1 I I I I I I 1 I I 1 I I I I I I i\. I I

f- 70
I 1 I 1 1\

f- 70 1 I I 1 It5 :r:

~I I I I I I I I I I 1 C> I I I I I I I I I I Iiii
60

iii:;:
I I

:;: 60
\>- I I I I 1 1 I I >- I I I 1 I I I I I I I

'" I I I I , '" I I I I I

I
a: 50 a: 50
'" w

'\z I I I I I 1 I I I 1 I z I I 1 1 I I I I 1 Iu:: u::
f- 40 I I I I f- I I I I
Z z 40

1\'" I I I I 1 1 I I 1 1 I w I I 1 1 I I I I I Iu u
a: a:

I '" 30 w 30
0- I I I I I 0- I I

I I I I 1 I I I I I I 1 I I I I I I I I I
20 20, I , I I , I I I 1

I
10

I I I I I I I I I I I 1 I I I I I I I I 1 I
I I I 1 I I I 1 I I I

10
I I 1 1 I I I I : I I

0
, I , I , , ,. , I

0

100 10 1 0.1 0.01 0.001 0.0001 100 10 1 0.1 0.01 0.001 0.0001

I , GRAIN SIZE IN MILLIMETERS GRAIN SIZE IN MILLIMETERS

I . ,

Symbol Hole No.
Depth Liquid Plastic Plasticity 010 0 30 060 Cu Cc

Passing
U.S.C.S Symbol Hole No.

Depth Liquid Plastic Plasticity 010 0 30 0 60 Cu Cc
Passing

U.S.C.S
(ft) Limit Limit Index No. 200 (ft) Limit Limit Index No. 200

I ('Yo) ('Yo)

• CH·26 2.5-4 26 21 5 - - - - - 55 CL-ML • CH·26 20-21.5 - 27 SM+CL- - - - - - -

I
I

;

I PERFORMED IN GENERAL ACCORDANCE WITH ASTM 0 422-63 PERFORMED IN GENERAL ACCORDANCE WITH ASTM 0422-63

\.. ~ '" j

,
""'

;

I GRADATION TEST RESULTS , GRADATION TEST RESULTS
,

_lfiDUO&Jftoo-re -
EAST MARICOPA FLOODWAY .

_IfIDUO&JftOO-re -
EAST MARICOPA FLOODWAY

I
CHANDLER HEIGHTS DETENTION BASIN CHANDLER HEIGHTS DETENTION BASIN

MARICOPA COUNTY, ARIZONA . MARICOPA COUNTY, ARIZONA

r PROJECT NO. DATE " FIGURE - r PROJECT NO. DATE

"'
FIGURE

I \.. ~
( 600198001 01/02 J 8-47 l 600198001 01/02 J 8-48

sieve Cli-26@2.xt. sieve CH-26@20Jds



600198001 01/02

PROJECT NO. DATE

PERFORMED IN GENERAL ACCORDANCE WITH ASTM D 4318-98

, ATTERBERG LIMITS TEST· RESULTS

EAST MARICOPA FLOODWAY

CHANDLER HEIGHTS DETENTION BASIN
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NP - IndIcates non-plastIc

U.S.C.S.
SYMBOL LOCATION DEPTH LL (%) PL (%) PI (%) CLASSIFICATION U.S.C.S.

(FT) (Minus No. 40 (Entire Sample)
Sieve Fraction)

• CH-5 15-16.5 - - - NP ML

• CH-6 7.5-9 - - - NP ML

• CH-6 17.5-19 - - - NP SM

0 CH-7 5-6.5 - - - NP ML

0 CH-7 15-16.5 - - - NP SP

Ll CH-8 10-11.5 - - - NP SM

X CH-8 17.5-19.0 - - - NP SM

+ CH-9 5-6.5 - - - NP ML

ATTERBERG #255..1$

ATTERBERG LIMITS TEST RESULTS

EAST MARICOPA FLOODWAY

CHANDLER HEIGHTS DETENTION BASIN
MARICOPA COUNTY ARIZONA

PROJECT NO. DATE
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NP - IndIcates non-plastic

U.S.C.S.
SYMBOL LOCATION DEPTH LL (%) PL (%) PI (%) CLASSIFICATION U.S.C.S.

(FT) (Minus No. 40 (Entire Sample)
Sieve Fraction)

• CH-1 7.5-9 - - - NP ML

• CH-1 20.0-21.5 - - - NP SM

• CH-2 5-6.5 21 16 5 CL-ML CL

0 CH-2 15-16.5 28 16 12 CL SM

0 CH-3 15-16.5 - - - NP SM

Ll CH-4 7.5-9 42 22 20 CL CL

X CH-4 17.5-19.0 NP SP-SM

+ CH-5 5-6.5 29 19 10 CL CL

ATTERBERG#261.xJs
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ATTERBERG LIMITS TEST RESULTS
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NP - Indicates non-plastic

U.S.C.S.
SYMBOL LOCATION DEPTH LL (%) PL (%) PI (%) CLASSIFICAnON . U.S.C.S.

(FT) (Minus No. 40 (Entire Sample)
Sieve Fraction)

• CH-14 15.0-16.5 - - - NP SW-SM

.. CH-15 7.5-9 25 21 4 CL-ML CL-ML

• CH~15 17.5-19 28 23 5 ML ML

0 CH-16 15-16.5 - - - NP SM+CL

0 CH-16 32.5-34 - - - NP SM+CL

A CH-17 7.5-9 40 23 17 CL CL

X CH-17 22.5-24 29 19 10 CL CL

+ CH-18 10-11.5 - - - NP SM+CL

CH ONLY #260B ATTERBERG.x1s

ATTERBERG LIMITS TEST RESULTS
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NP - Indicates non-plastic

U.S.C.S.
SYMBOL LOCATION DEPTH LL(%) PL (%) PI (%) CLASSIFICAnON U.S.C.S.

(FT) (Minus No. 40 (Entire Sample)
Sieve Fraction)

• CH-9 20-21.5 34 17 17 CL SC

.. CH-10 17.5-19 30 21 9 CL SC

• CH-11 2.5-4.0 24 14 10 CL CL

0 CH-11 15.5-17 - - - NP SW-SM

0 CH-12 15-16.5 - - - NP SM

Ll CH-13 5-6.5 30 28 2 ML ML

X CH-13 15-16.5 25 22 3 ML SM

+ CH-14 2.5-4 36 19 17 CL CL

CH ONLY #Z6OA ATTERBERG.xIs
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NP - Indicates non-plastic

U.S.C.S.
SYMBOL LOCATION DEPTH LL (%) PL (%) PI (%) CLASSIFICAnON U.S.C.S.

(FT) (Minus No. 40 (Entire Sample)
Sieve Fraction)

• CH-23 7$-9 21 16 5 CL-ML CL-ML

• CH-24 17.5-19 - - - NP 8M

+ CH-24 22.5-24 - - - NP 8M.

0 CH-25 12.5-14 21 16 5 CL-ML CL

0 CH-25 20-21.5 - - - NP 8M

Ll CH-26 2.5-4 26 21 5 CL-ML CL

X CH-26 20-21.5 27 18 9 CL SM+CL

ATTERBERG 11259 Bod.

ATTERBERG LIMITS TEST RESULTS
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NP - Indicates non-plastic

U.S.C.S.
SYMBOL LOCATION DEPTH LL (%) PL (%) PI (%) CLASSIFICAnON U.S.C.S.

(FT) (Minus No. 40 (Entire Sample)
Sieve Fraction)

• CH-19 2.5-4 - - - NP 8M

• CH-19 22.5-24 - - - NP 8M

+ CH-20 10-11.5 - - - NP ML

0 CH-20 25-26.5 - - - NP 8P

0 CH-21 7.5-9 - - - NP ML

Ll CH-21 22.5-24 - - - NP 8M

X CH-22 15-16.5 44 18 26 CL CL

+ CH-22 25-26.5 - - - NP 8M

ATTERBERG #259.x~
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CONSOLIDATION TEST RESULTS
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EAST MARICOPA FLOODWAY
CHANDLER HEIGHTS DETENTION BASIN

MARICOPA COUNTY, ARIZONA

EXPANSION INDEX TEST RESULTS
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SAMPLE DEPTH
SOIL DESCRIPTION

MAXIMUM DENSITY OPTIMUM MOISTURE

LOCATION (FT) (PCF) CONTENT(%)

CH-23 0-2 Silty Clay 115.3 12.8

DATE

01/02600198001

EAST MARICOPA FLOODWAY
CHANDLER HEIGHTS DETENTION BASIN

MARICOPA COUNTY, ARIZONA

PROJECT NO.

MAXIMUM DENSITY TEST RESULTS
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SAMPLE DEPTH
SOIL DESCRIPTION

MAXIMUM DENSITY OPTIMUM MOISTURE

LOCATION 1FT) (PCF) CONTENT(%)

CH-25 12-15 Silty Clay 119.7 11.0

PERFORMED IN GENERAL ACCORDANCE WITH ASTM D 698
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r MAXIMUM DENSITY TEST RESULTS
EAST MARICOPA FLOODWAY
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CORROSIVITY TEST RESULTS

WATER-SOI.UBLE
CHLORIDE

SAMPLE DEPTH RESISTIVITY • SULFA"E
SAMPLE LOCATION

(FT)
pH'

(ohm-em) CONTENT IN SOIL ••
CONTENT •••

(%)
(ppm)

CH-11 0-2 7.6 508 0.002!, 160

CH-21 12-15 8.4 1,320 0.000": 10

• PERFORMED IN GENERAL ACCORDANCE WITH ARIZONA TEST METHOD 236b

•• PERFORMED IN GENERAL ACCORDANCE WITH ARIZONA TEST METHOD 733

••• PERFORMED IN GENERAL ACCORDANCE WITH ARIZONA TEST METHOD 722

r CORROSIVITY TEST RESULTS '"
EAST MARICCPA FLOODWAY

CHANDLER HEIGHTS DETENTION BASIN

"-
MARICOPA CCUNTY, ARIZONA

~

( PROJECT NO. DATE

"'
FIGURE

\. 600198001 01/02 ) B-65
CH only CORROSIVITY.xls

r

PERMEABILITY TEST RESULTS

SAMPLE INITIAL FINAL DRY RANGE IN AVERAGESAMPLE
LOCATION

DEPTH MOISTURE MOISTURE DENSITY HEAD PERMEABILITY

(FT) (%) (%) (PCF) (em) (em/sec)

CH-1 20.0-21.5 9.7 20.6 101.1 30.0-40.0 8.5 x 10.5

CH-4 17.5-19.0 2.3 12.5 109.7 2.0-12.0 1.4 x 10.3

CH-7 15.0-16.5 0.1 10.4 111.2 2.6 - 12.4 1.3 x 10-2

CH-8 10.0-11.5 2.8 18.2 103.3 2.0 - 12.4 9.8 x 10-4

CH-8 17.5-19.0 2.8 10.9 104.4 2.0 - 2.7 2.8 x 10.4

CH-11 15.5-17.0 4.4 17.8 102.6 2.5 - 11.4 2.8 x 10.3

CH-12 7.5-9.0 3.4 16.5 96.7 2.0 - 12.3 7.8 x 10.4

CH-14 15.0 -16.5 1.3 16.1 107.7 2.4 - 12.3 1.4 x 10-2

CH-16 20.0-21.5 3.8 N.M. 107.3 2.4-11.9 2.9 x 10.4

PERFORMED IN GENERAL ACCORDANCE WITH ASTM 0 2434-68

PERMEABILITY TEST RESULTS
EAST MARICOPA FLOODWAY

CHANDLER HEIGHTS DETENTION BASIN
MARICOPA COUNTY, ARIZONA

~

( PROJECT NO. DATE "1 (FIGURE

\.. 600198001 01/02 ) B-66
PERMEAB1.xls
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AXIAL STRAIN 0 2 4 6 8 10 12 14' 16 18

NORMAL SF~ESS (KSF)

Soil Sample
Sample Initial Initial oJ;' Final

Confining
Rate of

Sym. Description Depth Moisture Density Degree Strain
Type Location

(ft.) (%) (pcf) Saturation
Stress (ksf)

(%/min)

• Silty Sand SM CH-1 20.0-21.5 9.7% 101.1 83% 1.15 0.9%

• Silty Sand 8M CH-1 20.0-21.5 9.7% 101.1 83% 5.04 1.0%

...
PERFORMED IN GENERAL ACCORDANCE WITH ASTM 02850

'\. ..)

"'"
/

UU TRIAXIAL CO;V1PRESSION RESULTS "'"

-IY1D9°&/(tOO-r8-
EAST MARICOPA FLOODWAY

CHANDLER HEIGHTS DETENTION BASIN
MARICOPA COUNTY, ARIZONA

..)
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* Note: Percolation Rate is reported in Cubic Feet per Hour per Square Foot of percolation area.

12 INCH
- i...:-·---I -MINIMUM

600198001

0.10

0.13

0.09

0.06

0.02

FT3/H0 UR/FT20.08

0.02

0.03

0.04

0.01

0.04

PROJECT NO.:

.-
··IMPERMEABLE

~~---'-.. .MEMBRANE­
/1 INCH INTO

". ····EXISTING SOIL

LOCATION: PT-1 (Near RH-14)

0.40

0.49

0.44

0.36

0.46

SUMMARY OF PERCOLATION TEST
RESULTS

07/19/01

0.36

0.35

0.46

0.40

0.44

DATE:

0:19

0:19

0:20

0:28

0:24

MOE

12:50

12:30

11 :28

12:11

11 :47

12:11

11 :47

12:30

11 :28

11 :00

AVERAGE PERCOLATION RATE FOR LAST THREE READINGS

I:.:
I.
r· >[/
I'.

I':":'.'

r·· ..

1

,,'-
"

PROJECT: Rittenhouse Detention Basin

TECHNICIAN:

January 4,2002
Project No. 600198001

PERCOLATION TEST RESULTS

East Maricopa Floodway
Chandler Heights Detention Basin, Maricopa County, Arizona

APPENDIXC

600198001 initial rpt (ch).doc
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600198001

0.88

PROJECT NO.:

LOCATION: PT-3 (Near RH-16)

. " "• 0, __ ,

/:>"" '>., -'.
"IMPERMEABLE

"---'--,-~-'-c-'-·.<MEMBRANE -
1 INCH INTO
EXISTING SOIL

. " ,~ .
.,' ....

12 INCH

I -MINIMUM

SUMM·ARY OF PERCOLATION rEST
RESULTS

07/19/01DATE:MOE

AVERAGE PERCOLATION RATE FOR LAST THREE READINGS

[
I:::'
::>
F:::

PROJECT: Rittenhouse Detention Basin

TECHNICIAN:

600198001PROJECT .\10.:

MINIMUM

LOCATION: PT·2 (Near RH-15)

<"IMPER V1EABLE
~--'--7-"--,.,.....,.o-......: MEMBRANE - ,

'.. /,,>:<1 INCH INTO ....•
>S:~·::'::':E)(I.STI \j~ ,SO.l~

.... ,.,' ./" .. :" .,' .,,'

12 INCH-

SUMMARY OF PEE~COLATION TEST
RESULTS

07/19/01

-

DATE:MOE

10:48 11:24 0:36 0.90 4.40 3.50 5.83 10:36 11 :17 0:41 0040 1.20 1.17
11:24 11:43 0:19 4.40 5.40 1.00 3.16 11 :17 11 :36 0:19 1.20 1.52 1.01
11:43 12:00 0:17 5040 6.11 0.71 2.51 11 :36 11 :54 0:18 1.52 1.81 0.97
12:00 12:25 0:25 6.11 6.99 0.88 2.11 11 :54 12:19 0:25 1.81 2.20 0.94
12:25 12:45 0:20 6.99 7.54 0.55 1.65 12:19 12:39 0:20 2.20 2.45 0.75

* Note: Percolation Rate is reported in Cubic Feet per Hour per Square Foot ofpercolation area. * Note: Percolation Rate is reported in Cubic Feet per Hour per Square Foot of percolation area,

ROJECT: Rittenhouse Detention Basin

1 ,AVERAGE PERCOLATION RATE FOR LAST THREE READINGS 2.09 FT3/HOURlFT2

1-----------:--------.---------1

I



600198001

0.91

" .
~.,-'- EXISTING

'>/,GRADE

PROJECT NO.:

LOCATION: PT-5 (Near CH-21)

12 INCH

I -MINIMUM

SUMMARY OF PERCOLATION TEST
RESULTS

07/19/01DATE:MOE

17:03

14:54

16:21

15:15

16:44

AVERAGE PERCOLATION RATE FOR LAST THREE READINGS

14:54

14:22

16:44

15:15

* Note: Percolation Rate is reported in Cubic Feet per Hour per Square Foot of percolation area,

16:21

[/
I,

F:>,'
I,
1,/
I" , ",

I,
1

", '"

"I'>,.-

PROJECT: Chandler Heights Detention Basin

TECHNICIAN:

""

600198001

1.73

0.69

1.00

1.85

1.400.56

0.37

0.45

1.31

1.30

0.23

PROJECT NO.:

LOCATION: PTA (Near RH-17)

--"- .'

, <':jMPERvi'EABLE
~~..,--"'·"MEMBRANE ­

,-:'1 INCH INTO
':<:::',:,:EX,tST1 \J<;3 ,?C?J~,
-" , : ."

4.85

4.40

5.22

6.01
5.78

12 INCH

I -MINIMUM

SUMMARY OF PER~COLATION TEST
RESULTS

07/19/01

4.85

4.40

5.22

3.10

5.78

DATE:

0:45

0:27

0:12

0:20

0:24

MOE

11 :39

11 :51

11 :12

12:35

12:15

AVERAGE PERCOLATION RATE FOR LAST THREE READINGS

* Note: Percolation Rate is reported in Cubic Feet per Hour per Square Foot of percolation area.

11 :39

10:27

12:15

11 :51

11 :12

I'

1<
I,
I
/>"
1/

[
I

I

ROJECT: Rittenhouse Detention Basin

TECHNICIAN:

I
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600198001PROJECT NO.:

".'" .<-, / ' .--'

,IMPERMEABLE '
"MEMBRANE ­

,/<1 INCH INTO
'<. '-"EXISTING SOIL

12 INCH

MINIMUM

LOCATION: PT-7 (Near CH-23)

-

SUMMARY OF PERCOLATION TEST
RESULTS

07/19/01DATE:MDE

PROJECT: Chandler Heights Detention Basin

TECHNICIAN:

600198001PROJECT [--JO.:

LOCATION: PT-6 (NearCH-22)

12 INCH

I -MINIMUM

SUMMARY OF PER,COLATION TEST
RESULTS

07/19/01DATE:MDE

Chandler Heights Detention Basin

16:37 16:54 0:17 4.54 4.61 0.07 0.25 17:26 17:44 0:18 4.09 4.12 0.03 0.10

16:54 17:12 0:18 4.61 4.72 0.11 0.37 17:44 18:02 0:18 4.12 4.15 0.03 0.10

17:12 17:30 0:18 4.72 4.82 0.10 0.33 18:02 18:18 0:16 4.15 4.17 0.02 0.08

17:30 17:49 0:19 4.82 4.93 0.11 0.35 18:18 18:35 0:17 4.17 4.21 0.04 0.14
17:49 18:09 0:20 4.93 5.03 0.10 0.30 18:35 18:49 0:14 4.21 4.23 0.02 0.09

* Note: Percolation Rate is reported in Cubic Feet per Hour per Square Foot of percolation area. * Note: Percolation Rate is reported in Cubic Feet per Hour per Square Foot of percolation area.

AVERAGE PERCOLATION RATE FOR LAST THREE READINGS 0.33 FT3/HOURlFT2 AVERAGE PERCOLATION RATE FOR LAST THREE READINGS 0.10 FT3/HOURlFT2

ECHNICIAN:

I



600198001PROJECT NO.:

.'

...."-',-~~. EXISTING
./·GRADE

.,- " .,- -' " "

IMPERMEABLE ..,
MEMBRANE-

.. :1 INCH INTO >
EXISTING SOIL

", ,,'-

MINIMUM

LOCATION: PT-9 (Near CH-25)

12 INCH-

SUMMARY OF PERCOLATION TEST
RESULTS

07/19/01DATE:MOETECHNICIAN:

PROJECT: Chandler Heights Detention Basin

.'....

600198001PROJECT NO.:

""'>'::<":': ", ",
" "", ':.. ' ,.-"

" ' " ".,/<:"" .:':;:',....,.:..:',..
"'. :::».···'·<·:IMPEF·~~i·BL~·:·<
·::'~.·:.:, ... MEMEiRANE ­
<~··<,,/><..··1 INCI-I INTO'
": <:"<EXIST NG SOIL

-,/ " " - . . - ,
,.-" ....

LOCATION: PT-8 (Near CH-24)

12 INCH

I -MINIMUM

SUMMARY OF PEf~COLATION TEST
RESULTS

07/19/01DATE:MOE

Chandler Heights Detention Basin

14:39 16:28 1:49 0.34 0.89 0.55 0.30 19:04 19:17 0:13 9.67 9.70 0.03 0.14
16:28 16:48 0:20 0.89 0.98 0.09 0.27 19:17 19:30 0:13 9.70 9.73 0.03 0.14
16:48 17:07 0:19 0.98 1.09 0.11 0.35 19:30 19:40 0:10 9.73 9.76 0.03 0.18
17:07 17:20 0:13 1.09 1.15 0.06 0.28 19:40 19:53 0:13 9.76 9.78 0.02 0.09
17:20 17:37 0:17 1.15 1.23 0.08 0.28 19:53 20:07 0:14 9.78 9.81 0.03 0.13

* Note: Percolation Rate is reported in Cubic Feet per Hour per Square Foot of Jercolation area. * Note: Percolation Rate is reported in Cubic Feet per Hour per Square Foot of percolation area.

AVERAGE PERCOLATION RATE FOR LAST THREE READINGS 0.30 FT3/HOURlFT2 AVERAGE PERCOLATION RATE FOR LAST THREE READINGS 0.13 FT3/HOURlFT2

TECHNICIAN:

I



* Note: Percolation Rate is reported in CUbic Feet per Hour per Square Foot of Jercolation area.

600198001

0.07

PROJECT NO.:

LOCATION: PT-10 (Near CH-26)

12 INCH

I -MINIMUM

SUMMARY OF PEFlCOLATION TEST
RESULTS

07/19/01DATE:MOE

19:10 19:27 0:17 4.13 4.14 0.01 0.04
19:27 19:36 0:09 4.14 4.16 0.02 0.13
19:36 19:47 0:11 4.16 4.18 0.02 0.11
19:47 20:00 0:13 4.18 4.20 0.02 0.09

AVERAGE PERCOLATION RATE FOR LAST THREE READINGS

PROJECT: Chandler Heights Detention Basin

TECHNICIAN:

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



I. Plant Selection

Recommendations for Chandler Heights Basin

The following report presents the results of analyses conducted on your soil. See
page 4 for sample information and analyses results. The following recommendations are
based upon the current conditions Df the soil. All application recommendations are for
each 1,000 square feet of growing area. Please be sure to read the standard application
notes presented on page 3.

The analyses of this soil indicates the following plant selection requirements:

A. Select only non-acidic loving plants for this soil.
B. Select only those plants that have a slight or greater tolerance to free limestone

for planting at this site.
C. Select only those plants that have a slight or greater tolerance to Salinity for

planting at this site. A review of the plants growing in the immediate area of
the site to be landscaped will provide some additional guidelines as to the proper
plant selection.

Field Office
Visalia. CA
TE!..: 559/734-9473
FAX: 559n34-8435

Apply per 1000 sq. ft.

0.00 lbs.
4.50 lbs.
2.80 lbs.
0.00 Ibs.
1.30 lbs.
0.00 lbs.
0.80 lbs.
.025 lbs.
.000 lbs.

Apply per 1000 sq. ft.

2.00 cu. yds.
0.00 lbs.
25.0 lbs.

Lab #: SP 107342-03

Office &Laboratory
2500 Slagecoach Road
Slockton, CA 95215
TEL: 209/942-0181

Page 1 of 3

Fertilizers
a. Nitrogen (N)
b. Phosphorus (PZ05)
c. Potassium (KzO)
d. Magnesium (Mg)
e. Zinc (Zn)
f. Manganese (Mn)
g. Iron (Fe)
h. Copper (Cu)
1. Boron (B)

Soil amendments
a. Organic (well-composted)
b. Limestone
c. Soil Sulfur

1.

2.

FRUIT GROWERS LABORATORY, INC.

II. Preplant Soil Amendments and Fertilizers

A. Turf and Groundcover

Ninyo & Moore
5035 South 33rd St.
Phoenix, AZ 85040

ANALYTICAL CHEMISTS
August 21, 2001

Corporate Offices & Laboratory
PO Box 272/ 853 Corporation Street
Santa Paula, CA 93061-0272
TEL: 8051659-0910

January 4, 2002
Project No. 600198001

APPENDIXD

AGRONOMIC TESTS RESULTS

600198001 initial rpt (ch).doc

East Maricopa Floodway
Chandler Heights Detention Basin, Maricopa County, Arizona
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Page 2 of 3

The actual post-plant requirements for fertilizers and soil amendments will vary depending
upon the specific site conditions. Periodic post-plant analyses can be used to assure proper
soil conditions and balanced levels of plant nutrition.

When planting specifications do not call for a separate backfill mix then backfill the holes
that are excavated to install containerized plants using the native (site) soil amended
according to the preplant recommendations given on page 1.

Chloride, and the total Soil Salinity(ECe) levels should be rechecked after the above leaching
operation is completed to determine the degree of improvement. TheEe new levels will allow
for the selection of plants having the appropriate salt tolerances.

Page 3 of 3

Limestone, Dolomite & Sulfur

These materials should be broadcast uniformly over the surface soils and then incorporated
to a depth of two to three inches.

Gypsum

Application Notes

The application instructions listed below apply oruy if the material(s) is recommended in
this report on page 1. Materials not included in the recommendations are excluded either
because the analyses data did not indicate a need or the analysis to determine if a need
existed was not requested.

Organic Materials

Nitrolized redwood compost is preferred but other organic mixes may be substituted
depending upon the site requirements. Organic materials should be spread uniformly over
the surface soils and when possible should be incorporated to a depth of two to three
inches.

Nitrogen, Potassium & :Magnesium

These materials are highly water soluble and can be applied uniformly over the surface soils
for water penetration or they can be incorporated with the other materials. Magnesium sources
for plant nutrition include Epsom salts (Magnesium Sulfate), and the double salt of Potasium­
Magnesium Sulfate (Sulfate of Potash-magnesia).

This material should be broadcast uniformly over surface soils for water penetration. For
best results do not incorporate.

Preplant Phosphorous, Zinc, Manganese, Iron & Copper

These materials should be broadcast uniformly over the surface soils and then incorporated
to a depth of two to three inches. Post-plant applications can be surface applied for water
penetration.

LAB No: SP 107342-03

3/4 lb.
1/3 lb.
1/3 lb.

66%
33%
1 1b./cu. yd.
2 o:;;:./cu. yd.
1 O:L'../cu. yd.
1 oz./cu. yd.

Native (site) soil
Nitrogen Fertilized Organic Material
Commercial Fertilizer (8-8-4)
Iron
Zinc
Manganese

l.
2.
3.
4.
5.
6.

Nitrogen
Phosphorus
Potassium

August 21, 2001

B. Tree and Shrub Backfill Mix

V. Irrigation

Make certain that the irrigation water being applied is penetrating:o a depth slightly
oreater than the root zone of the plants being grown. Water with a :iequency needed to
~aintain moist soil at all times - never wet for long periods and neVEr let the soil dry out.

IV. Post-Plant Fertilization - Ibs.llOOO sq. ft.

III. Leaching Requirement

It is recommended that this soil be thoroughly leached to lower the Chloride, and the total Soil
Salinity prior to preplant planting. This leaching operation should be made after the
application of any recommended soil amendments, but prior to applying any of the
recommended preplant fertilizers. The leaching operation should consi;t of three applications
of irrigation water with enough water being applied at each irrigation to thoroughly wet this
soil to a depth of twenty-four inches with the water being applied at ;i rate slow enough to
prevent any runoff. A two to three day waiting' period between applicJtions of water should
occur to allow for internal soil drainage.
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1FRUrr GROWERS LABORATORY.. INCo

ANALYTICAL CIiEMISTS

August 21, 2001

Ninyo & Moore

L~ID . SP Im3~~3

Customer ID: 2-18569
Description : CH-13

LANDSCAPE SOIL ANALYSIS

II

FRUIT GROWERS LABORATORY, INC.

(~~V-A--(.t,.:.:J}~"--

Darrell H. Nelson, President

LANDSCAPE SOIL ANALYSIS

DHN:md

Test Description Result Optimum Range I Graphical Results Presentation I
Satisfactory Possible Moderate Increasing

Others Problem Problem Problem~

Soil Salinity 2.94 mmhos/cm 0.5 - 2.0 I

SAR 3.3 0.1 - 6 ;·~};l~}{.;z1;¥?f~~1

Limestone 1.1 % 0 - 0.1 I

0 1 2 3 4 5 6

Lime Requirement 0.0 Tons/AF --- ~
Very Moderately Optimum Moderately Ve~Low Low High Hi

Moisture 3.1 % 1/2 Satn. % ilil
Loamy Sandy Loam Silt Clay Clay Organic
Sand Loam Loam Loam

Saturation 29.2 % 20 - 60 .' .«~
·z_MftJ

Good jg{[i,:;: .... U1ijlfr~iBII Problem

Soil pH & Limestone levels are 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.

Very
High

Moderately
High

I

Very Moderately Optimum
Low Low

Graphical Rlsults Presentation

I
I

Lab ID . SP 107342-03
Customer ID: 2-18569

Sampled On : July 13, 2001
Sampled By : Ninyo &. Moore
Received On: August 5, 2001
Depth 12-15'
Meth. Irrg. : 8.S. Sprinklers

"... ..•. ".;""."'.•~'fil~..•....,- -'1;~~1~~ §I. ~ ... ..". ,!f.:, .. -~ ,~"'!;} t;rfJ

VariableB

0-3

60 - 80
10 - 20
2 - 5
o 5

See SAR
0.6 - 20 :~~lW.;~i!~~'{$%~'!t~fr~'l);ji;~~;iJu:]

0.7 50 IF:!~:~:!:;~:!;i:~~:i~:;m'~:~~E':i;~:;m':~i;:E;:l:~:E;:~~:k~~~J

1.4 - 50 Ir~~~ht:f,~~~4A",it'

8.0 100 I
O. 2 15 ~!ij!i:ljii:Ui;;!:;';:'j':i/;i;";,, ;;;,i!;;,i,;,; i:;i!;;;'",;;,~!i'::j!::,

0.3 2.1 - ~: , (.. !tiH
0.1 4.0

1.5 - 60

2.0 - 50

10 - 70
12 - 60
81 - 500

0.25 - 1.0

Optimum Range I

Description: CH-13
Project Chandler Heights Basin

August 21, 2001

Ninyo & Moore
5035 South 33rd St.
Phoenix, AZ 85040

Test Description Result

Primary Nutrients
Nitrate-Nitrogen 68.7 PPM
Phosphorus ND PPM
Potassium (Exch) 130 PPM
Potassium (Sol) 0.31 meq/L

Secondary Nutrients
Calcium (Exch) 3900 PPM
Calcium (Sol) 18.2 meq/L
Magnesium (Exch) 240 PPM
Magnesium (Sol) 4.2 meq/L
Sodium (Exch) 130 PPM
Sodium (Sol) 10.9 meq/L
Sulfate 5.5 meq/L

Micro Nutrients
Zinc 0.2 PPM
Manganese 3.2 PPM
Iron 4.4 PPM
Copper 0.6 PPM
Boron 0.77 PPM
CWoride 7.91 meq/L

CEC 22.3 meq/lOOg

% Base Saturation
CEC - Calcium 87.0 %
CEC - Magnesium 9.0 %
CEC - Potassium 1.5 %
CEC - Sodium 2.5 %
CEC - Hydrogen 0.0 %

I
I

I
I

I
I
I
I
I

I
I

I
I
I pH 7.7 5.8 - 8.2

Strongly Moderately
Acidic Acidic

N~ar
Neutral

Moderately
Alkaline

Strongly
Alkaline

I
I

Table continued next page...

SP 107342: Chemical Results Page 6

I Corporate Offices & Laboratory
PO Box 2721 853 Corporation Street
Santa Paula. CA 93061-0272
TEL: 805/659-0910
FAX- q(\~I~?~.A17?

Office &Laboratory
2500 Stag·ecoach Road
Stockton, CA 95215
TEL: 209/942-0181
i=AX· ?(\ll/ClA?·l1d?1

Field Office
Visalia. CA
TEL: 559/734-9473
FAX: 559/734-8435



APPENDIXC

GEOLOGICAL CONSULTANTS, INC
2333 WEST NORTHERN AVENUE, SUITE lA

PHOENIX AZ 85021
(602) 864-1888

SUBS][DENCE AND FISSURES EVALUATION

East Maricopa Floodway: Chandler Heights Basin Design M \\ ()________W~ _
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Chandler Height Basin, East Maricopa Floodway

NOTICE

This report was prepared by the scope of work outlined in Geological Consultants
proposal for geological services dated February 26, 2001 (revised) and as authorized
by Kirkham & Michael on June 27, 2001.

The geologic and soils observations, findings, conclusions and recommendations
presented in this report are based on (l) data from published and unpublished sources
available at the time of this study, (2) photo-geological interpretation, and (3) a
cursory geological field reconnaissance ofthe project site. The services provided by
Geological Consultants to Kirkham Michael Consulting Engineers were performed
according to generally accepted geological principals and standard practices used by
members of the geological profession in this locale at the time of this study.

It must be recognized that subsurface geologic and soil conditions may vary from
place to place and from those interpreted at locations where evaluations are made by
the investigator. No warranty or representation, either expressed or implied, is or
should be construed regarding geological or soil conditions at locations other than
those observed by the investigator.

Ground Subsidence & Earth Fissure Evaluation

Kenneth M, Euge, R.G.

December 21, 2001

l\
Prepared by:

Prepared for:

GROUND SUBSIDENCE &
EARTH FISSURE EVALUATION

MARICOPA COUNTY, ARIZONA

Geological Consultants Inc.
2333 West Northern Avenue, Suite lA

Phoenix,Arizona 85021

Mr. Barry Ling, P.E.
Kirkham Michael Consulting Engineers

9201 North 25th Avenue, Suite 195
Phoenix, Arizona 85021

EAST MARICOPA FLOODWAY
CHANDLER HEIGHTS BASIN DESIGN

GEOLOGICAL CONSULTANTS INC.I
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This report was prepared by the scope of work outlined in Geoiogicli Consultants
proposal for geological services dated February 26,2001 (revised) and as authorized
by Kirkham & Michael on June 27, 2001.

It must be recognized that subsurface geologic and soil conditions may vary from
place to place and from those interpreted at locations where evaluations are made by
the investigator. No warranty or representation, either expressed or implied, is or
should be construed regarding geological or soil conditions at locati )ns other than
those observed by the investigator.

The geologic and soils observations, findings, conclusions and recommendations
presented in this report are based on (1) data from published and unput lished sources
available at the time of this study, (2) photo-geological interpretaton, and (3) a
cursory geological field reconnaissance ofthe project site. The servic~s provided by
Geological Consultants to Kirkham Michael Consulting Engineers were performed
according to generally accepted geological principals and standard practices used by
members of the geological profession in this locale at the time ofthii study.
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Ground Subsidence & Earth Fissure Evaluation

1.0 INTRODUCTION

MARICOPA COUNTY, ARIZONA

Chandler Height Basin, East Maricopa Floodway

GROUND SUBSIDENCE &

EARTH FISSURING EVALUATION

o Recent aerial photography (provided by Kirkham Michael) for geological photo

interpretation to identify suspect earth fissures that may be present within and

adjacent to the study area.

EAST MARICOPA FLOODWAY

CHANDLER HEIGHTS BASIN DESIGN

o Review and summarize available data concerning site geology, ground subsidence,

groundwater withdrawal, and earth fissuring in the vicinity ofthe proposed Chandler

Heights Basin,

1) Conduct an overview fatal-flaw evaluation of ground subsidence and earth fissures

in the project area.

2) Make recommendations to mitigate the known subsidence and earth fissures that

could impact the basin.

The scope of work for the ground subsidence and earth fissure evaluation included the following

activities designed to satisfy the objectives of the study:

This report presents the results of an assessment of ground subsidence and earth fissures (ground

cracks) in the vicinity of the proposed Chandler Heights Basin that is part of the East Maricopa

Floodway Project. The Chandler Heights Basin is located in eastern Maricopa County, Arizona

(Figure 1). The main purpose of this study is to:

1.1 Scope of Work

Ground Subsidence & Earth Fissure EvaluationChandler Height Basin. East Maricopa Floodway
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2

o A geologic reconnaissance of the proposed basin area.

o Preparation of this report documenting study findings and conclusions.

o Compilation and analysis of the data gathered to document subsidence and earth

fissures within the project area.

Chandler Height Basin, East Maricopa Floodway

The closest known earth fissures to the basin are about 1%-miles southeast. None of

these fissures appear to trend toward the project area.

2.0 CONCLUSIONS AND RECOMMENDATION

3

• Ground subsidence could be exacerbated ifwater level decline is reinitiated through

renewed excessive groundwater use.

• No ground subsidence-related earth fissures were observed at the time ofthe geologic

field reconnaissance within the Chandler Heights basin area. Likewise, no earth

fissures were observed outside the basin perimeter that project toward the basin.

• Groundwater level declines on the order of 150 to 300 feet (Schumann, 1986) within

the study area triggered the primary subsidence. Residual ground subsidence, which

is continuing ground subsidence without measured water table decline, is expected

to continue at a diminished rate until the aquifer system in this area achieves

equilibrium.

• The ground subsidence is related to deep consolidation of compressible basin fill

sediments in response to the lowering of the groundwater table due to excessive

pumping for agricultural and domestic uses within the East Salt River Valley

(ESRV). However, since the 1970s, groundwater level measurements show rising

water table conditions have continued probably due to increased recharge inflow to

the aquifer and a reduction in groundwater use. The rise of the groundwater table in

the Chandler Heights Basin area through 1999 ranged from about 80 feet to almost

230 feet.

• The proposed basin is within a known ground subsidence area. The data indicates

ground subsidence and related earth fissuring has been ongoing for more than 50

years.

2.1 Based on our ground subsidence and earth fissure research and the field reconnaissance

conducted at the Chandler Heights Basin site, the following opinions are provided.

Ground Subsidence & Earth Fissure EvaluationChandler Height Basin, East Maricopa FloodwayGround Subsidence & Earth Fissure Evaluation

Geological Consultants Inc. used available research reports and maps from vari ems sources including

the Arizona Geological Survey, the U.S. Geological Survey, and unpublished consultant reports as

part of its geological research data base for this study.
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The amount of subsidence should be expected to increase northward away from the basin

perimeter because the alluvial filled basin is deeper beyond the pediment edge. Ongoing

residual subsidence may cause differential lowering ofthe ground elevation at this site. The

magnitude of this differential subsidence will likely be greater at the north end of the basin

2.3 Residual subsidence is expected to continue in the basin area which wm result in a lowering

of level surface elevation. This phenomenon is expected to continue at a diminishing rate

until the aquifer system in this area achieves equilibrium. However, because the Chandler

Heights Basin is near the basin margin, it is possible that 2 to 4 feet)f differential ground

subsidence could occur during the next 20 to 30 years.

A rough comparison ofelevation data depicted on the 1956 Chandle" Heights topographic

quadrangle with recent survey data obtained by Kirkham Michael (2001) suggest that as

much as 6.6 feet of ground subsidence may have occurred since] 955 in the Chandler

Heights Basin area. The annual rate of subsidence ranged from about 0.10 feet per year to

0.14 feet per year.

Chandler Height Basin, East Maricopa Floodway

5

Ifthe results ofthe monitoring program indicate a change in land slope gradient and loss of

freeboard is occurring due to ground subsidence, safety modifications to retrofit the

embankments and inlet/outlet structures could be designed and implemented. The

modification could include raising the dam crest elevation and resizing inlet/outlet structures.

The subsidence monitoring program should be tied into the Arizona Department of Water

Resources (ADWR) or the Maricopa County networks of benchmarks used to monitor

ground subsidence within the East Salt River Valley. Water level data should be obtained

from wells in the project vicinity andthe data could be integrated into the ADWR index well

data base.

Ongoing ground subsidence within the Chandler Basin could result in a change of slope

gradient and loss of embankment dam freeboard. Although the residual rate of ground

subsidence in the project area is expected to be less that the previously documented active

subsidence rate of about 0,12 feet per year, we recommend either a ground subsidence

monitoring program be implemented to determine ifa change in land slope gradient and loss

of freeboard occurs during the life of the facility or the design freeboard for the basin

embankment structures should be increased by a factor of2.

due to the basin fill sediment as compared to the south half of the basin, which is closer the

bedrock high at the shallow end.

If the recommended ground subsidence monitoring program option is selected in lieu of

design modifications, the program should include periodic monitoring of both ground

subsidence at established benchmarks and groundwater level monitoring of wells in the

Basin vicinity. We recommend the subsidence monitoring of the EMF Chandler Heights

Basin be conducted in accordance with the recommendations for subsidence monitoring

provided in the Program and Policy report prepared for FCDMC as part of the Phase I

Structures Assessment Program (Kimley Hom, 2000) (Appendix A).

Ground Subsidence & Earth Fissure Evaluation

2.5 The proposed Chandler Heights basin is within an area of known earth fissures. There are

several previously mapped earth fissures (Jennings, 1977; Schumann, 1974) located about

1% miles south of the proposed basin in the vicinity ofRound Top (Figure 4).

Chandler Height Basin, East Maricopa FloodwayGround Subsidence & Earth Fissure Evaluation

2.2 The amount oftotal subsidence to date that has occurred in the Chand~erHeights Basin area

is not known, However, ground subsidence, which is documented in nearby areas, may be

extrapolated to the project area with reasonable confidence. Documened ground subsidence

is 3.9 feet for the period 1934 to 1967 (Strange, 1983) near the Town 0 f Queen Creek, which

is about five miles east of the Chandler Heights Basin site. This represents an average

ground subsidence rate ofabout 0.12 feet per year. The hydrogeologiceJ conditions and basin

configuration in the Queen Creek area are similar to that ofthe Chandl:::r Heights Basin area.

Therefore, in our opinion, it is conceivable that both areas could have experienced similar

ground subsidence during the same period.

2.4 The Chandler Heights Basin is located near the southern boundary 0 f the Chandler Basin.

This area is also represents the boundary ofthe regional bowl ofdepres:;ion caused by ground

subsidence. In this area of the subsidence bowl, some differential 5round subsidence is

expected to cause not only a vertical lowering of the ground surface tut also a land surface

tilt toward the north from the margins ofthe subsiding basin. Therefore, differential ground

subsidence across the Chandler Heights Basin site could adversely impact Basin design.
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Residual subsidence is expected to continue in the basin area which will result in the

application of additional tensile stress to the basin sediments. TUs stress could cause

renewed activity on existing dormant fissures and possibly the formation of new earth

fissures,

7

3.1 Location

Chandler Height Basin, East Maricopa FloodwayGround Subsidence & Earth Fissure Evaluation

3.3 Climate and Vegetation

The Roosevelt canal parallels the west boundary of the Chandler Heights basin. A short segment

of Higley Road and the Queen Creek floodway channel bound the eastern property boundary.

Agricultural lands presently surround the entire basin.

Regionally, the project area is situated within and near the south-central margin of the East Salt

River Valley Basin. The basin is bounded on the north and east by the McDowell, Usery, Goldfield,

and Superstition Mountains, on the south by the Santan and Sacaton Mountains, and on the west by

the South Mountains, the Papago Buttes, the Phoenix Mountains, the Union Hills, and the Deem

Hills. Surface runofffrom the site area flows to the south and southwest via Queen Creek Floodway,

which in tum flows southwest to the Gila River. The dominant topographic feature in the vicinity

is the Santan Mountains, which is south of the site and rises to an elevation of over 3,000 feet.

Goldmine Mountain, located southeast of the proposed development rises to an elevation of2,374

feet. Round Top, an inselberg, or prominent isolated bedrock hill, is an extension of the Santan

Mountains to the north. Round Top is about 2 miles south of the Chandler Heights Basin (Figure

4).

3.2 Physical Features

3.0 GEOGRAPHIC SETTING

The proposed Chandler Heights Basin is located in the eastern portions ofMaricopa County (Figure

2), The proposed basin area is south ofthe town ofGilbert, extending across portions of Section 10,

15, and 22 in located in Township 2 South, Range 6 East (Figure 2). The Chandler Heights basin

is accessible via Higley Road at the intersection ofQueen Creek Road.

The climate ofthe area is arid to semiarid. Average annual temperature ranges from about 72° to 74°

Fahrenheit (F) with summer maximums reaching more than 100° F and winter minimums below

freezing (32° F). The precipitation is confined to essentially two seasons during the year, one in the

summer and the other in the winter. Average annual rainfall is about 6 to 8 inches. Although natural

Chandler Height Basin. East Maricopa FloodwayGround Subsidence & Earth Fissure EvaluatIon
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desert vegetation, dominated by creosotebush, mesquite, paloverde, annual grasses, cacti (Adams,

1974), is present in isolated areas, the basins are essentially surrounded by either agricultural or

residential properties.

9

4.0 GEOLOGICAL EVALUATION

Chandler Height Basin, East Maricopa Floodway

The study area is situated near the south-central border ofa broad alluvium-filled valley that

is bounded on the south by the Santan and Sacaton Mountains, on the north and east by the

McDowell, Usery, Goldfield, and Superstition Mountains, and on the west by the South

Mountains, the Papago Buttes, the Phoenix Mountains, the Union Hills, and the Deem Hills.

The alluvial deposits are expected to be a few feet to a few hundreds of feet thick near the

4.1.1 Basin Stratigraphy

Structurally, the region has been uplifted to its present position by episodes of mountain/basin

bounding fault movements (Cooley, 1977). The tectonic episodes and deformation, evident in the

orientation of foliation planes and joint dip set discontinuities exposed in the bedrock terrain, have

provided the mechanics necessary to form deep intermontane basins that were subsequently filled

with sediment. North of the Santan Mountains, a buried bedrock rock surface extends from the

mountain front beneath the basin fill to the buried pediment edge (Figure 3). At the pediment edge,

the bedrock surface drops offsteeply to about 800 to 1000 feet below a ground surface and the basin

fill sediments thicken. The pediment edge probably represents the location of an ancient basin­

bounding fault that separates the Santan Mountain up-thrown bedrock block from the ChandlerBasin

down-thrown graben block. Known earth fissures are present within a zone centered along the

buried pediment edge.

The site is located within the Sonoran Desert region in the north-central portion of the Basin and

Range Physiographic Province near its boundary with the Transition Zone. The Basin and Range

Province is characterized by northwest, north, and northeast trending mountains that rise abruptly

from broad, elongated, deep sediment-filled valleys produced by block faulting and folding. The

mountains and hills south of the proposed Chandler Heights Basin area, the Santan Mountains, are

composed predominately of old, Pre-Cambrian age (570 million years ago (mya» metamorphic

schist and igneous granodiorite bedrock, intruded by younger dikes (Ferguson, 1996). The bedrock

is locally overlain by Quaternary age (younger than 1.6 mya) alluvium. The basin fill in the valley

commonly makes up the principle groundwater aquifer of the region.

4.1 Regional Geologic Setting

Ground Subsidence & Earth Fissure EvaluationChandler Height Basin, East Maricopa F100dwayGround Subsidence & Earth Fissure Evaluation
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mountains due to the presence ofa shallow buried bedrock pediment.. Beyond the pediment

edge (to the north), the basin fill thickens rapidly to several 1,000's of feet reaching to more

than 10,000 feet southeast of Gilbert (ADWR, VII, 1994).

The basin filled strata can be grossly subdivided into three zones: upper sand and gravel unit

that ranges in thickness from nil to more than 300 feet: middle silt and clay unit that ranges

in thickness from less than 100 feet to over 1,800 feet, and a lower Gonglomerate unit that

ranges in thickness from less than 100 feet to over 9,000 feet (AD\\iR VII, 1994).

Interpretation ofground surface contours using the U.S. Geological Survey Chandler Heights

and Higley 7.5-minute topographic quadrangle maps show the project area is located in the

central portion of a large alluvial fan deposit. The apex of the alluv.:al fan originates from

the north side of the Santan Mountains south of the site. That coalesces with alluvial fans

emanating from the western flanks of the Mineral Mountain area to tn.e east. Earth fissures

are present north of the Santan Mountains, north of Round Top that indicates the probable

extension of a buried bedrock high in the area contributing to eartl fissure development

(Figure 4). Ifthe interpretation of the site subsurface stratigraphy is valid, there seems to be

a possibility that earth fissures could develop close to the Chandler Heights basin.

Chandler Height Basin, East Maricopa FloodwayGround Subsidence & Earth Fissure Evaluation
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This portion ofthe East Maricopa Floodway proj ect is within the East Salt River Valley Sub­

Basin (ESRV), one of the seven groundwater sub-basins within the Phoenix Active

Management Area (AMA) as defined by the Arizona Department of Water Resources

(ADWR). Prior to 1923, the groundwater system in the East Salt River Valley was in

equilibrium because the groundwater recharge and outflow were balanced. By 1950, 2.3

million acre-feet per year were needed to meet agricultural demands. As a result,

5.2.1 Groundwater Use in the East Salt River Valley Sub-Basin

5.0 GROUND SUBSIDENCE

5.2 Groundwater

5.1 Overview

Ground subsidence is known to occur in alluvium filled valleys of Arizona where agricultural

activities and urban development have caused substantial over-drafting or removal ofgroundwater

from thick basin aquifers. The magnitude ofsubsidence is directly related to the subsurface geology,

the thickness, and compressibility of the alluvial sediments deposited in the valleys, and the net

groundwater decline. According to Bouwer (1977), ground subsidence rates range from about one­

hundredth to one-half foot per 10-foot drop in groundwater level, depending on the thickness and

compressibility of the formation.

The major human-induced factor contributing to subsidence is the large scale pumping and removal

ofgroundwater. Nearly all of the populated southern Arizona basins from Phoenix to Tucson have

experienced at least a 100+ foot drop in groundwater level, and an area surrounding the town of

Stanfield, Arizona has dropped more than 500 feet. The groundwater level near the study area has

dropped from 100 feet to 300 feet (Schumann 1986). Analysis ofwater level data (ADWR, 2001)

from nearby wells with a reasonable history ofwater level measurements (Figure 5) indicates water

levels dropped from about 200 to 325 feet from the late 1930s through the mid 1970's (Figure 6).

Water levels have increased from as much as 230 in the last 20 to 30 years. The net water level

decline for the project area is unknown, however, it is expected to be about 200 feet in the proposed

Chandler Heights Basin area.

Chandler Height Basin, East Maricopa FloodwayGround Subsidence & Earth Fissure Evaluation
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5.3 Regional Subsidence

Subsidence and earth fissures in urban areas can cause a variety ofproblems. Structures built across

groundwater flow directions were impacted due to the lowering ofthe water table. Currently,

most of the groundwater flows toward three large cones of depress on, which have been

created by the large scale pumping ofgroundwat~r.The cones ofdepression are located near

Scottsdale, Mesa, and Queen Creek (ADWR, VII, 1994).

Chandler Height Basin, East Maricopa Floodway

13

No formal ground subsidence studies have been completed within or directly adjacent to the

East Maricopa Floodway alignment. Schumann (1974) estimated that subsidence for the area

(including both basins) was between 1 to 3 feet as of that year. From 1934 to 1967,3.9 feet

of subsidence had been recorded in the town of Queen Creek and 3.8 feet at Buckhorn.

Additional subsidence has likely occurred since that time over the entire study area.

5.3.1 Study Area Subsidence

The amount of subsidence at the Chandler basin is difficult to estimate since no definitive

subsidence data is available after 1981 in this area. However, the map prepared by

Schumann (1974) indicates that the subsidence for the Chandler basin area should be about

the same for as other areas (near Queen Creek) where more subsidence data are available.

Therefore, the estimated total subsidence for the Chandler Heights Basin area is about 5 to

6 feet through 2001.

An indication ofthe reasonableness ofthis estimate may be established by comparing recent

topographic elevation data obtained by Kirkham Michael (200 1) with topographic elevation

information provided on the United States Geological Survey (USGS) 7~-minute Chandler

Heights Topographic Quadrangle map (USGS, 1956). The comparison ofthe elevation data

assumes the later 2001 elevations were measured at the same locations where the 1956 data

were measured. Also, the 2001 elevation data had to be rectified from the North American

Vertical Datum (NAVD) 88 to the National Geodetic Vertical Datum (NGVD) 29 so the

elevation data could be compared using the same reference datum. The results of the

comparison are summarized in Table 1.

Ground Subsidence & Earth Fissure Evaluation

fissures may be damaged, street cracks, flow in gravity water and sewer lines can be reversed, and

differential subsidence (although rare) can rupture buried utilities (Arizona Geological Survey,

1987). However, design measures can be implemented to mitigate the effects ofground subsidence.

Some of these measures can include additional structural reinforcement, over-sized pipes, surface

drainage controls, and bridging the subsidence feature.

Chandler Height Basin, East Maricopa FloodwayGround Subsidence & Earth Fissure Evaluation

Groundwater pumping estimates prior to 1984 are not readily available for the ESRV, but

are available for the entire Salt River Valley (SRV). In 1915, 15,000 acre-feet of

groundwater were pumped from wells in the SRV. By 1942, the annual volume of

groundwater withdrawn had increased to approximately ont: million acre-feet.

Approximately 2.3 million acre-feet per year were pumped fron the aquifer when

. groundwater withdrawal peaked in the 1950's. By 1992, annual mage in the SRV had

decreased to 1.1 million acre-feet. Approximately 304,900 acre-feet of groundwater were

pumped from the ESRV in 1990 (ADWR, VII, 1994).

Prior to the utilization ofgroundwater resources within the Phoenix area, the, vater table was higher

and hydrogeologic conditions were in equilibrium. Water levels within the aquifer were lowered

when pumping was initiated and the basin fill sediments were dewatered. In t1.e arid southwest, the

water in the aquifer may be removed by pumping faster than it can be naturally replenished causing

a net water table decline. As a result, the weight of the soil column is grad-lally increased as the

buoyant effects and aquifer pressures induced by the water acting on the soil column are decreased.

This condition causes increased loading stresses to consolidate portions of the thick compressible

sediments that result in the lowering (subsidence) of the land surface over a.arge area.

Land subsidence was first documented in Arizona in 1934 following the re)eveling of first-order

survey lines by the Coast and Geodetic Survey (now the National Geocetic Survey (NGS).

Subsequent leveling by the NGS, the U.S. Geological Survey, the Bureau of Reclamation, and the

ADOT has documented substantial ground surface subsidence in south central Arizona including the

Salt River Valley, the Queen Creek - Apache Junction area, and the Eloy - Cesa Grande - Stanfield

area as overdrafting of the aquifer continues.
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5.4 Earth Fissures
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Field evidence indicates fissures propagate upward and are exposed after 0\ erlying sediments are

eroded by surface water runoff from rainfall or irrigation (Pewe, 1982). The surface expressions of

Table 1

Comparison of 1955 vs. 2001 Elevation Survey Data

Chandler Heights Basin, East Maricopa Floodway

Chandler Height Basin, East Maricopa FloodwayGround Subsidence & Earth Fissure Evaluation

the fissures are exaggerated because the initial hairline crack is attacked by water to create wide (10

to 20 feet) and deep (more than 15 feet) erosional gullies that often have vegetation growing in them.

During the early stage of fissuredevelopment at the surface, some erosion fissure gullies may reach

depths of 40- feet or more (Euge, 2001). The fissures are commonly perpendicular to natural

drainage channels. The length of the fissure at the ground surface varies, usually less than one mile

but one fissure near Picacho is more than 9 miles long. These features are easily recognizable on

aerial photographs and in the field except where the land surface is modified by agricultural activities

or urban development.

15

Other indirect investigation techniques, such as gravity surveys, can be used to interpret subsurface

conditions that can influence earth fissure development. Gravity studies can be an important tool

in predicting the location ofpotential earth fissure zones. One common use ofgravity studies is to

indirectly determine the depth to bedrock for an area. This is useful since isolated buried bedrock

highs as well as sudden bedrock drop-offs (faults) or near-vertical stratigraphic changes ofsoil types

over relatively short distances make for favorable conditions for earth fissure development when

combined with ground subsidence. A gravity survey south ofCasa Grande, Arizona confirmed that

earth fissure development in that area occurred directly over areas mapped as having buried bedrock

highs.

The estimated the depth to bedrock (Oppenheimer et aI, 1980) under the Chandler basin is 2,000

to 9,600 feet below ground surface, with the basin fill thickening to the north. The estimated depth

to bedrock beneath the Chandler Heights Basin ranges from about 2,400 feet to 6,400 feet below

ground surface. The closest exposed bedrock to the Chandler Heights Basin is Round Top, which

is about 2 miles south of the project area. The presence of Round Top, off the north flank of the

Santan Mountains may be an indication ofa buried bedrock high that could extend northwest toward

the Chandler Heights Basin. Evidence supporting this interpretation includes the earth fissure north

of Round Top that may indicate a northwest extension ofthe Round Top bedrock high (Figure 4).

The Oppenheimer (1980) depth to bedrock map, although interpreted from regional gravity survey

data, did not indicate the presence ofany major isolated buried bedrock highs in the vicinity of, or

directly beneath the Chandler Heights Basin.

Chandler Height Basin, East Maricopa FloodwayGround Subsidence & Earth Fissure Evaluation

Topo Topo ElevatioL A

Benchmark Location Elevation Elevation 1955 to 2001
Annual Rate

1955 (ft) 2001 (ft) (ft)
(ft/yr)

Santan Rd @ Roosevelt
1317 1312.4 4.6

Canal
0.10

Santan Rd @ Higley Rd 1323 1317.2 5.8 0.13

Rittenhouse Rd @ Higley Rd 1322 1315.4 6.6 0.14

Fissures are initiated underground when tensile stresses exceed the strength of the soils. Tensile

stresses induced by the subsidence continue to increase until the ground break~ to form earth fissures.

The fissures then propagate upwards to intersect the ground surface (Figure 7). Early signs ofearth

fissuring are small en echelon hairline cracks and irregular spaced depressiom. As fissures develop,

they grow in length to several hundreds to thousands of feet and may extenj to bedrock or to the

water table. The fissures often have vegetation growing in them because the ground is commonly

moister along the earth fissure. Other physical features associated with fissures are slump-related

escarpments from one inch to a few inches in height, as well as a drainage pattern associated with

the fissure that does not conform to the areas local drainage pattern.

Fissures occur in unconsolidated sediments, typically near the margins ofalluvial valleys or near the

bedrock pediment edge where ground water levels have dropped from abolt 200 feet to 500 feet

below ground surface (Schumann, 1986).
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5.4.1 Earth Fissures near Chandler Heights Basin

Aerial photography provided by Kirkham Michael could not discern any earth fissures or

earth fissure-like features within or adjacent to the proposed be sin. This was also

substantiated during the field reconnaissance made by Geological Cc nsultants Inc.

Numerous earth fissures are mapped in areas south of the proposed basin. Approximately

1%-miles south ofthe study area are a series ofearth fissures located north ofthe Round Top

Hill (Figure 4). These earth fissures were mapped in the 1970's <Jennings, 1977). No

evidence of the earth fissures located west of Higley Road could be found on our field

reconnaissance. The southwest comer ofHigley Road and Santan Boulevard has since been

residentially developed, obscuring the surface expression ofthese earth fissures. Southeast

of that intersection, an old, mature, inactive (or donnant)earth fissure was observed. None

of these earth fissures appear to directly trend toward the Chaldler Heights basin.

Comparisons made between a 1977 map showing the earth fissure (::ennings, 1977) and a

more recent map ofthe earth fissures (Harris, 1994) indicates that the earth fissures have not

lengthened in 20 years. Maps of these fissures (Jennings, 1977) and (Harris, 1994) do not

show any of the earth fissures trending toward the basin.

Chandler Height Basin, East Maricopa Floodway
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Land Subsidence & Earth Fissure Investigation
Chandler Heights Basin

East Maricopa Floodway Project

Figure 1
Site Vicinity Map

Geological Consultants Inc.
2333 W. Northern Ave., Suite la Phoenix, AZ 85021
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Figure 3
Buried Pediment / Earth Fissure Zone Location Map

Geological Consultants Inc.
2333 W. Northern Ave., Suite la Phoenix, AZ 85021
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East Maricopa Floodway Project

Figure 6
Well Hydrographs

Geological Consultants Inc.
2333 W, Northern Ave., Suite la Phoenix, AZ 85021
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Figure 7. Generalized states of fissure development (from Pewe, 19H).
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1. Lateral stresses induce tension cracking

3. As piping continues, fissure begins to
appear at surface as series of potholes
and small cracks

5. The entire fissure is opened to the surface
and enlargement continues as fissure wans
are widened, extensive slumping and
side-stream gullying occur
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PIPIN~
2. Surface runoff and infiltration enlarge crack

through subsurface piping
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4. As infiltration and erosicn continue, fissure
enlarges and completely opens to surface
as tunnel roof collapses

6. Fissure becomes filled with slump and
runoff debris and is marked by vegetation
lineament and slight surface depression,
it may become reactivated upon renewal
of tensile stress



General Guidelines for Recommended

Subsidence and Earth Fissure Monitoring

from Program and Policy, Structure Assessment Program P lase I

(Modified by Geological Consultants Inc., 2002)

A-I

General Guidelines for Recommended

Subsidence and Earth Fissure Monitoring (Kimley Hom, 2000)

(Modified by Geological Consultants Inc., 2002)

Ground subsidence due to groundwater withdrawal from deep aquifers is known to impact alluvium­

filled basins in central Arizona including the District. The surface manifestations of ground

subsidence include lowering of the ground surface over time and the development ofearth fissures

(or ground cracks) due to induced tensile stresses within the alluvium-filled basins. The initial

Chandler Heights Basin, East Maricopa FloodwayGround Subsidence & Earth Fissure Evaluation

Many embankment flood control dams [and similar structures] under the jurisdiction ofthe District

are located in areas of active ground subsidence and earth fissures. The prognosis for continued

ground subsidence and earth fissure development is excellent for the foreseeable future. Therefore,

the assessment ofexisting and future potential ground subsidence and earth fissures and their impact

on the safety of existing District dams [or similar structures] is a critical element of the dam safety

evaluation process. Guidelines for subsidence and earth fissure evaluations, as part of new design

or repair investigations, have been developed by various agencies including the National Resources

Conservation Service (NCRS) (1985), United.States Bureau of Reclamation (BOR) (1971, 1977,

1981, 1985), Arizona Department of Water Resources (1999), and the Maricopa County Flood

Control District, (1995). Studies by the BOR resulted in the design and implementation of

mitigation measures to deal with subsidence and earth fissures affecting the Central Arizona Project

(CAP) canal. The NCRS, in their National Engineering Manual sets forth criteria for subsidence

evaluation for the design ofearth dam embankments. Likewise, the ADWR Rules and Regulation

for dam safety evaluation require subsidence and earth fissures to be addressed. The results of

intermittent settlement monitoring ofDistrict structures dating back to the mid-1970's, the District

staffprepared an in-house report (Staedicke, 1995) documenting subsidence and settlement effecting

earthen dams. Recommendations for the implementation of a monitoring program were provided

in the report; however, as of this date (2001) no formal program has been initiated.

We recommend the District Subsidence monitoring program outlined by Staedicke (1995) be

adopted. It should also be refined and modified or amended where appropriate for application to

District dams [or similar structures] and to satisfy other regulatory requirements. The following

outline incorporates the salient items of the District program and lessons learn by the BOR, NCRS,

and consultants with professional experience dealing with ground subsidence and earth fissures.

Chandler Heights Basin, East Maricopa Floodway

APPENDIX A

Ground Subsidence & Earth Fissure Evaluation
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activity ofthe subsidence monitoring program will be an evaluation ofknowr subsidence within the

District. This evaluation will be performed to assess current ground subsdence conditions and

characterize the earth fissures present. These results will help formulate the general parameters of

the monitoring program and the specific details for monitoring at each ofthe District's embankment

dams [or similar structures]. Where critical subsidence and each fissure conditions exist that might

jeopardize dam safety, the monitoring program results could help to develop mitigation measures

to reduce potential ground subsidence impacts caused by regional groundwtter withdrawal.

The recommended scope ofactivities to accomplish the subsidence evaluatior is separated into three

tasks. Task 1would be directed to an overview assessment ofthe District usirg available geological

and hydrogeological data and geological interpretation ofavailable aerial photography. Output from

Task 1 would be a preliminary map ofthe District area identifying potential ((nd known subsidence

areas and earth fissures. This information would be used to target sites for di rect field examination

during Task 2 to verify the presence of the features close to District structures. Task 3 includes the

preparation ofcomprehensive settlement/subsidence and earth fissure monitc Iring program tailored

to each embankment dam [or similar] structure. The monitoring prograr 1 would be design to

incorporate trigger mechanisms that would kick in when excessive subsidence, or earth fissure

emergency conditions, are identified.

Ground Subsidence & Earth Fissure Evaluation Ground Subsidence & Earth Fissure Evaluation Chandler Heights Basin, East Maricopa Floodway

(2) Identify and map earth fissures or other related 'suspect' features that

may be present and potentially affect District flood control dams [or

structures].

(1) Verify, or refine, and update the earth fissure and ground subsidence

data compiled during Task 1.

(3) Determine the rate ofearth fissure growth where feasible using Task

2 information and historical aerial photography or other

documentation.

A-3

SubsidencelEarth Fissure Field Reconnaissance

Prepare Preliminary Subsidence and Earth Fissure Monitoring Program

o Compile and analyze the data gathered and prepare a preliminary subsidence/earth

fissure map ofthe District area and target areas for the Task 2 field reconnaissance.

Use available subsidence monitoring data to determine past subsidence and calculate

future potential ground subsidence estimates.

o Prepare summary report documenting the Task I study findings and conclusions.

o Conduct a ground-truth field reconnaissance within a 5-mile radius of flood control

embankment dams [or structures], identified in Task 1, that are in a subsidence area

to:

o Prepare a Task 2 summary report documenting the results of the field

reconnaissance.

o Stake and survey the location of the earth fissures and identify exploration sites.

o Locate, relocate, or reestablish settlement/subsidence monitoring monuments on

crest and downstream toe of embankment dams [or structures]. Establish new

Task 2:

Task 3:

Chandler Heights Basin, East Maricopa Floodway

o Research and compile existing earth fissure and ground subsdence data pertaining

to the District service area.

A-2

Compile Preliminary SubsidencelEarth Fissure Map:

o Assess future potential ground subsidence induced by ground"\ rater withdrawal at the

site and in the site vicinity. Data to complete this assessment will be obtained from

the Arizona Department of Water Resources, U.S. Geological Survey Water

Resources Branch and private sector hydrogeological consul:ants familiar with the

area.

o Acquire aerial photographs from available sources, SUChlS Maricopa County,

Arizona Department ofTransportation, BOR, NCRS, and private sector companies.

Aerial photograph interpretation would be used to identify suspect ground

subsidence areas and earth fissures.

Task 1:
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A-4

o Verify benchmark survey control and survey the elevati')ll of all monitoring

monuments. Using the new survey data, rectify all previously obtained subsidence

monitoring data relative to an established survey datum.

o Locate, relocate, or reestablish monitoring benchmarks in rock tied to an established

survey network such as the National Geodetic Survey. All benchmarks should be

thoroughly documented and witnessed.

o IdeI!tify and find wells near each embankment dam [or structure] that can be used to

monitor changes in groundwater levels. This information w)uld be used to refine

estimates of future potential ground subsidence.

Chandler Heights Basin, East Maricopa Floodway

A-5

The monitoring schedule should be reevaluated on a triennial basis and revised if

deemed necessary.

Table A-I

Recommended Subsidence & Earth Fissure Monitoring Schedule

o Surveying of subsidence benchmark and structure monuments should be conducted

using currently accepted surveying methods and standards of practice. Survey

accuracy standards should be 0.05 feet (or about 2 centimeters).

o Data collected should be recorded in an easily used format such as Microsoft

EXCEL. As a minimum, reporting should be done annually. The report should be

distributed to other interested parties including BurRec, Corps, AGS, ADOT,

ADWR, County highway departments, and local jurisdictions. Additional report

could be necessary where rapidly occurring subsidence is documented or when earth

fissure growth or development is observed,

Ground Subsidence & Earth Fissure Evaluation

References

1 Suggested monitoring schedule following initial (kick-off) subsidence and earth fissure survey.

Staedicke, ], M.;1995; Settlement Monitoring of Earthen Dams Operated by the Flood Control

District ofMaricopa County; unpublished report.

Monitoring Schedulel

Dam Hazard
Ground

Earth Fissures

Classification 1 mile < D ~ 5
Subsidence ~ Y, mile Y, mile < D ~ 1 mile

miles
High Annual Annual Annual Biennial
Significant Biennial Annual Biennial Biennial
Low Triennial Triennial Triennial Pentad
VervLow Pentad Pentad Pentad Pentad

Chandler Heights Basin, East Maricopa Floodway

monuments where deemed necessary. Relocated, reestablished, or new monuments

should be constructed in accordance recognized plans and f;pecifications (NRCS,

BOR, ADOT, District). The number of survey monuments should be determined

considering the future potential subsidence in the dam area, the structure hazard

classification, and other factors that may be deemed critical based on discussion with

District staff

o ~ Based on the results of the new survey and the rectifying of past data, develop a

resurvey schedule suited to each dam [or similar] structure. The surveys should be

rerun at yearly intervals for two or three years to see if any trends exist: The

monitoring intervals could be changed to range from one year to four or five years

depending upon trends established or the calculated estimates of future potential

subsidence. A suggested monitoring schedule is provided in Table A-I.

o Earth fissure monitoring should be conducted concurrently with the subsidence

monitoring program. In areas of known active earth fissures, the monitoring

intervals may need to be more closely spaced especially where an earth fissure is

located within one mile of a District structure. Earth fissure monitoring could be

conducted using (1) direct examination on the ground by geo:'ogists or geotechnical

engineers or (2) low-sun-angle aerial photography. The eartf fissure survey should

also include measurement ofits surface expression (length, width, depth, orientation,

differential displacement, evidence of activity or inactivity).

Ground Subsidence & Earth Fissure Evaluation
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APPENDIXD

SURVEY AND CONTROL

CONSULTANT ENGINEERING, INC
3404 WEST CHERYL DRIVE, SUITE A-255

PO BOX 37167
PHOENIX AZ 85069-7167

(602) 866-5090

East Maricopa Floodway: Chandler Heights Basin Design M ~ !?---- WCAAJ _
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FLOOD CONTROL BASIN SURVEY
METHODS
The horizontal control for these basins was deter­
mined to be referenced to the Maricopa County Geo­
detic Densification and Cadastral Survey (GDACS)
control network, which is based upon the National
Geodetic Survey, North American Datum of 1983.
This was also the datum used for mapping the East
Maricopa Floodway. The vertical control for these
basins was determined to be referenced to the North
American Vertical Datum of 1929. The monuments
used are published on the stated East Maricopa
Floodway Mapping Sheets completed in 1993 by
HNTB.

The mapping for this project was completed through
a combination of Aerial and Terrestrial methods.
Global Positioning System (GPS) surveying equip­
ment was used to establish locations of: boundary
(section) and right of way monuments; aerial panels;
check ground elevations; and to map the current EMF
channel. Conventional terrestrial survey equipment
was used to measure vertical elevations for the aerial
panel control and to collect measurements for the,
more vertical critical, existing paving and bridge
data.

Boundary measurement data and researched record
deeds, plats and maps were analyzed by an Arizona
Registered Land Surveyor to identify boundary and
easement issues affecting the development of each
site. A results of survey and a results of survey con­
trol drawing is being produced for each site to pro­
vide data for current design, current issue resolution,
future land transfers, and future construction survey
control.

MAPS OF SURVEY
The following maps of survey show the boundary
control system used for the Rittenhouse Basin and the
property bounc,ary established for the Rittenhouse
Basin.
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IROIl PIPES SET TO THE NORTH ANa SOUTH ON THE IIIO-SECTION
lINES AS OESCAIBEO ON A IIIKE illER SlJR'4:Y OF THE EAST HAlf OF
SECTION '5 UNDER JOB NUIlBER 4552 fURTHER SUPPORTING
THE 1978 IIlKE IllER "RECORD OF SUR'4:Y DESCREPANClES"
RECOROEO IN II.C.R. BOOK OF IIAPS 201, PAGIE 50 ANa
REfOUND PER WEIR JOB 14552 IlITH REFtRENCE 1I000000ENTS
NOTED BElOW fOR SAID S. 1/4 CORNER.

N 00'5'05" E

W. 1/4 COR. SEC. '5 400 NAIL SET BY COE AND VAN lOO
AS RECORD FOUND LOCATION PRIOR TO COIlStRUCTlON

~N~SEr=TPI'=~' NC4~;I·I~~7.96'
ANa SET CllSElEO 'X" IN COIlC. HEADWAll S 53' 20' 2Z" W 42.78'

26>4.29'

QUEEN CREEK

RESULTS OF' SURVEY-CHANDLER HEIGHTS DETENTION BASIN
SECTIONS 15 AND 22 TOWNSHIP 2 SOUTH, RANGE 6 EAST, GILA AND SALT RIVER MERIDIAN
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NOTE THAT EllISTlNG BERM
IS lIEST OF WORKSPACE UN[

NOO"26'43"£

WORK SPACE lINE

PT.' 7B6

40.00'
F.C-D. fEE OIIIIlERSHIP
PER MCR 113-370213

WORK SPACE UN[

N.W. COR. SEC. 15
'/Z" REBAR NO TAC
IN HANOHOl£

N;E. COR. SEC. 15 {LAT. 33' 15' 47.4253ll" H~
3 BRASS eN' WGSB4 lONG. ",' 43' 14._"
IN HANOHOl£ ElL HT. 1222.105'
STAIlPED TOWN OF GIlBERT SOO'04'08"W
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APPRO'JEO BY CRS

SHEET 2 OF J

DATE 01-08-02

SCAlE I" - 200'

DRAWN BY CRS
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5. 1/4 COR. SEC. 22.
1/2" REBAR 0.3' BElOW ASPHAlT
7' SOUlH OF YEllOW STRIPE

S.W. COR. SEC. 22, 3" MARICOPA COUNTY
HIGHWAY DEPT. BRASS CAP IN HAHllHOlE

5.E. COR. SEC. 22, 3" MARICOPA COUNTY
IIGHWAY DEPT. BRASS eN' IN HAHllHOlE

.............._.::N~oo~':-,I'39="W:.-~" i
426.93' ill

2667.91'

2693.47'

HIGLEY ROAD

RESULTS OF SURVEY
FOR

MARICOPA COUNTY FLOOD CONTROL

5OO'25'05"E

5434.80'

5381.68'

Noo'08'4'"W

GREENFIELD ROAD

W. 1/4 COR. SEC. 22, 3" ARIZONA IIGHWAY DEPT. BRASS eN'
IN HAHllHOlE MAY BE DEStRO'lEll BY CONSlRIICllON IN FUlURE.
POSSIBlE REPlACEMENT MONUMENT TO BE SET BY COE AND YAN Loo.
NO REFERENCE MONUMENTS SET BY C.E.I.

CEI ~CONSULTANT ENGINEERING, INC.
3404 w. CHERYl DRIVE

PHOENIX, ARIZONA
602-868-5090

W. 1/4 COR. SEC. 22
1-1/2" AlUIIlHUII CAP

00,," 01' BElOW PAVEMENT

2e68.79'

289: .23'

SEE :;HEET 3
FOR f)uEEN CREEK
CHAN~EL ALIGNMENT DETAIL

/

5OO'24'49"E

N.E. COR. SEC. 22 Nm S.E. COR. SEC. 15
3· ARIZONA IIGHWAY DEPT. BRASS eN'
llIlH HAHOHOlE RING OESlRO'lEll BY CONSlRIIC·.IOH.
A REPlACEMENT MONUMENT TO BE SET BY COE AND YAN Loo

AT FOUND LOCATION AFTER COMPlElEO CONSlR\·CllON
OF Tm1N OF QUlERT 1IIPR0\e0lEHTs. c.E.I. REF·JlEHCE
POINTS SET 1/2" REBAR N 51' 23' 09" W 58.84'
Nm A 1/2" REBAR S 453' 35' 12" W 66.11'

RESULTS OF SUR'/EY-CHANDLER HEIGHTS DETENTION BASIN
SECTIONS 15 AND 22 TOWNSHIP 2 SOUTH, RANGE 6 EAST, GILA AND SALT RIVER MERIDIAN

--v'

Noo'08'43·W

SURVEY NOTES:
I. BASIS OF IIEARWG~EO BY REFERENCE TO MARlaoPA COUNTY

GEOOE1lC OEHSlflCATION Nm CADASTRAl SUR\£Y (GOACS) POIlTS
2CM1 ANO 2DII1 IS GRID NORlH.-2CM1 LAT. 33' 17' 21.19190" N-lONG. Ill' 41' 10.80290· W-ElL. NT, 1238.982'

2Ol1 LAT. 33' 14' 55.82894· N-LONG. Uf' 44' 17.52705· W-ElL. HT. 1205.384'

2. lHE PURPOSE OF TIIS ORAllIHG IS TO PRO\1OE:
A. A RE1.A1l0llSHP IIETYoUN lHE FOUND SECTIONAl MONUMENTS
B. IOEHllFY POltNllAl ISSUES AFFECTING THE AVNA..AI!U 'MJRK

AREA FOR CONSlRUCTIOH OF THE FUTURE BASIN, $UGH AS lHE
ElOSllHG IIGlEY, QUEEN CREEK. Nm 0c01lll0 ROAD RIGHT OF WAYS,
lHE EAST IIAR1COPA FlOODWAY CHANH£l. RIGHT OF WAY, Nm THE
QUEEN CR£EJ< WASH R.W.C.O. RIGHT OF WAY.

C. EWlENCE TO SUPPORT ElOSTIHG BOUNDARY lINES FOR lHE
PRIVATE PARCEl ADJOINING OR AFFECTING lHE IIAR1COPA COUNTY
FlOOO CONtROl FEE OIIIlERSHIP,

3. TIIS ORAIlING DOES NOT IHOICATE BOUNDARY lINES SHOllIHG tHE
EXltNTS OF tHE flOOD CONtROl CONllGUOUS 0ll\IERSlIP 1N1ER£ST5.
$UGH INTERESTS EXltNO BEYOND tHE UIIITS SHOIIIl. lHE UNES
lABElED .'MJRK SPACE UNE" IHOICATE EXIS1lNG RIGHT OF WAY UHES
FOR lHE CHANNElS Nm ROADWAYS !HCH IIAY AFFECT lHE BASIN
OEVElOPllENT. lHlS 1Na.uDES lHE NORlHWEST AND SOUlHEAST BOUNDARY
UHES FOR lHE R.W.C.D. O\WERSHIP OF lHE QUEEN CRE£K CHANNEL.
lHESE UNES PROVIDE A REFERENCE FOR ANY FUTURE tRANSFER OF
_P Nm TO RJRlHER IOEHllFY ANY P01ENllAl AREAS UHAVNA..AI!U
FOR lHE BASIN IMPROVEMENTs. 1IIS INClUDES lHE FOllOWING:
AIlOlllONAl HIGlEY ROAD, QUEEN CRE£K ROAD AND 0c01lll0 ROAD RIGHT
OF WAY REQUlRElIENTS HEEDED TO MEET CITY Nm COUNTY tRAFfIC
STANDARDS; AIlOlTIONAl RIGHT OF WAY FOR tHE EAST MARICOPA
FlOOOWAY CHANH£L: Nm OF SPECIAl NOlE lHE REQUIRED LEGAl
SOLUllON TO ADDRESS tHE ISSUE OF lHE TWO QUARTER CORNER
MOHUMEHTS BETYtEEH SECllONS 15 Nm 22. lHCH IHOICAlES A 73 FOOT
NORlH SOUlH SHIFT IN lHE 0c01lll0 ROAD AUGNllENT.

N.W. COR. SEC. 22 4. TO ADORESS ISSUES llIlH QUEEN CRE£K CHANNEl. HJGNMENT, SEE SHEET 3 OF 3.
S.W. COR. SEC. 15
3/4· IRON PIPE NO TAG
FlUSH IlIlH PAVEMENT
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W. 1/4 COR. SEC. 15
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CONCLUSION
DUE TO THE MULTIPLE QUEEN CREEK LOCATION LINES AND THE
AMBIGUOUS INTERPRETATION OF" THE CONVEYANCE LEGAL
DESCRIPTIONS, C.E.I. DETERMINED lHAT NO CLEAR OWl'olERSHIP
LINE EXISTS. TO ENABLE lHlS SURVEY TO BE COMPLETED, ALL
THE KNOWN ALIGNMENT LOCATIONS HAVE BEEN SHOWl'ol AND AN
ATTEMPT TO GRAPHICALLY SHOW AND DESCRIBE THIER RELATION­
SHIP WllH EACH OlHER AND THE EXISTING CHANNEL LOCATION IS
BEST ATTEMPTED HEREON. NO BOUNDARY LINES FOR QUEEN CREEK
CHANNEL ARE PRESUMED TO BE INDICATED HEREON.

THE LOCATION FOR THE RIGHT OF WAY LINES FOR QUEEN CREEK WASH
ARE NOT SHOWN ON THIS SURVEY. THE LINES SHOWN ARE BASED UPON
RECORDED CONVEYANCE INSTRUMENTS AS SHOWN, UPON UNRECORDED
ALTA SURVEYS, UNRECORDED BOUNDARY SURVEYS, AND RECORDED
RESULTS OF" SURVEYS. THE RECORDED INSTRUMENTS OF CONVEYANCE
(DKT. 220-PG. 413,1928, DKT. 13005-PG. 880, AND 90-212626) 00
NOT PROVIDE CLEAR DESCRIPTIONS WHICH MATCH THE EXISTING SURVEY
MONUMENTS FOR SECTION CONTROl OR THE EXISTING TOE AND TOP OF
THE CHANNEL THE CONVEYANCE LINES SHOWN ARE A BEST GUESS BY
THIS SURVEYOR AND ARE MOST DEFlNITELY OPEN TO INTERPRETATION.

MIKE WIER, ON HIS JUNE 1978 SURVEY FOR THE WEST HALF OF" SECTION
22, INDICATES LINES APPROXIMATING THE TOP AND TOE OF" THE QUEEN
CREEK CHANNEL THE AMENDED LEGAL DESCRIPTION ON THIS MIKE WIER
SURVEY DOES NOT APPEAR TO HAVE BEEN USED FOR ANY LAND
CONVEYANCE DESCRIPTION. MIKE WIER 010 SET MONUMENTS IN THE FlELD
ALONG THE QUEEN CREEK WASH CHANNEL C.E.!. 010 NOT ATTEMPT TO
LOCATE AND MEASURE THESE MONUMENTS AS PART OF" lHlS SURVEY.

ANOTHER UNRECORDED 1980 SURVEY (REVISED UP TO 1984), BY ADAM,
HAMLYN, ANDERSON FOR THE FlOOD CONTROl DISTRICT SHOWS A
SECOND LOCATION FOR THE QUEEN CREEK CHANNEL THE ANDERSON SURVEY
WAS USED TO PREPARE SOME LEGAL DESCRIPTIONS FOR PARCELS AT THE
SOUlHERLY END OF" THE CHANNEL, AT WHAT IS NOW THE SEDIMENT BASIN.
ANDERSON'S SURVEY WAS FOLLOWED WITH A RECORD OF" SURVEY BY
CONSULTING LAND SURVEYORS IN 1990 RECORDED IN BK. 340, PG. 03
OF" MAPS, MARICOPA COUNTY RECORDS (MCR).

AN UNRECORDED RESULTS OF AN A.LT.A. SURVEY WAS COMPLETED FOR
SHAMROCK FARMS BY WILEY AND ASSOCIATES. WILEy'S 1999 SURVEY JOB
15292 AND 2000 JOB 15325 PROVIDE A THIRD LOCATION FOR THE QUEEN
CREEK WASH. lHE WILEY SURVEY GRAPHICALLY SHOWS A JOG IN lHE QUEEN
CREEK ALIGNMENT AT THE NORlH-SOUTH MID-SECTION LINE. THIS JOG IS NOT
SUPPORTED BY THE DIMENSIONS SHOWN ON THE SURVEY, AND lHE ALIGNMENT
CLOSELY APPROXIMATES THAT SHOWN ON THE ANDERSON SURVEY. IT SHOULD
BE NOTED lHAT THE WILEY A.LT.A. SURVEYS SHOW lHE SOUlHEAST EDGE OF"
THE EXISTING CHANNEL (PRESUMED THE TOP) TO BE 30'-40' SOUTHEAST Of
THE SOUTHEAST CHANNEL RIGHT OF" WAY. THIS PLACES THE SOUTHEAST
RIGHT OF WAY LINE ALONG THE SOUTHEAST TOE OF lHE EXISTING CHANNEL,
AS SHOWl'ol HEREON.

A FOURTH SURVEY RECORDED AND COMPLETED IN 1998 AND 1999 BY
WECKERLY AND ASSOCIATES (BK. 502, PG. 08, MCR MAPS) CLOSELY FOlLOWS
BOTH THE ANDERSON SURVEY AND THE WILEY SURVEY AND IS APPROXIMATELY
l' SOUTHEASTERLY OF BOTH. THE WECKERLY SURVEY SHOWS A SIGNIFlCANT
AMOUNT OF FOUND AND SET MONUMENTS. C.E.!. DID NOT ATTEMPT TO FlND
OR LOCATE ANY OF THESE MONUMENTS.

.TOP BERM

.TOE CHANNEL

Q .TOP CHANNEL

CHANNELCREEK

ANDERSON F.C.D. SURVEY DWG. C7829F-147
AND WILEY A.LT.A. SHAMROCK SURVEY
JOB NO. 5325 AND 5292
THIS LINE DIMENSION ON SHEETS 1 AND 2

LEGEND

ANDERSON F.C.D. SURVEY DWG. C7829F-147,
WILEY A.LT.A. SHAMROCK SURVEY-JOB NO. 5325 AND 5292,
AND WECKERLY MCR MAPS BK. 502- PG. 08 SURVEY (+/- I' S.E.L'Y)
THIS LINE DIMENSION ON SHEETS 1 AND 2

... RElATIVE

CHANNEL POSITION
AS FIELD SURVEYED

ANDERSON AND
WILEY LINE

WIER S!!.R~Y LINE

CONVEYANCE LINE-----

QUEENDETAIL

ANDERSON FCD SURVEY DWG. C7829F-147,

THE CROSS-SECTIONS SHOWl'ol ARE GRAPHICAllY
JPPROXIMATE FOR CHANNEL IllUSTRATION. lHESE
II.lUSTRATIONS ARE INTENDED TO AllOW READER
TO OBTAIN A CLEARER UNDERSTANDING OF" THE
FELATIVE RELATIONSHIP OF THE EXlSTING
~URVEYED CHANNEL, WllH THE POTENTIAL
(WNERSHIP LINES lABELED.

THE CROSS-SECTION DIMENSIONS SHOWN ARE
+/- 2'. CROSS-SECTIONS ARE NOT INTENDED
TO PROVIDE ANY AC1\JAL ELEVATION RELATIONSHIPS.
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ANDERSON F.C.). SURVEY DWG. C7829F-147
AND WILEY A.LT.A. SHAMROCK SURVEY
JOB NO. 5325 AND 5292
lHlS LINE DIMENSION ON SHEETS 1 AND 2

SECTION C-C

SECTION 0-0
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7'

12"

CONVEYANCE DESCRIBED ALIGNMENT
MI;R DEED BK. 220, PG 413
WI :ST HAlF" SEC. 22

I
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10'

MIKE WIER, 1978 SURVEY
JOB NUMBER 4552
SURVEY EAST HALF SEC. 22

CONVEYANCE DESCRIBED ALIGNMENT
MCR 90-212626 AND MCR DK~

13005, PG. 880
EAST HALF SEC. 22

-II-
5'

---------f ----_.---------- -----

CONVEYANCE DESCRIIIED ALIGNMENT
NORlH-SOUTH MCR 90-212626 AN[· MCR DKT.
MID-SECTION 13005, PG. 880
LINES EAST HAlF" SEC. 22
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MAPPING

AERIAL MAPPING, INC
3141 WEST CLARENDON AVENUE

PHOENIX AZ 85017
(602) 263-5728
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TOPOGRAPHIC MAPPING PRO­
CEDURES
The topographic mapping used for these projects was
compiled from stereo aerial photography using con­
ventional first order analytical stereo plotters. We
flew multiple flight lines of black & white stereo im­
agery at each location. Photographs and mapping di­
apositives were printed and the control points identi­
fied. Pass points were marked on each photo. The
field control was densified for mapping purposes by
using a simultaneous large block adjustment of the
control and marked pass points.

We digitized the standard planimetric features, in­
cluding roads, bridges and other structures, buildings
and utilities, in 3d MicroStation DGN files using the
layering codes necessary for the FCDMC GIS sub­
mittals. The ground topography was defined with
digitized 3d breaklines along all sudden changes of
elevation. Closely spaced mass points were measured
to capture the general ground surface changes. The
breaklines and mass points were used to create a
Digital Terrain Model, from which the I' contour in­
fonnation was generated. Elevation labels were
added to the index contours, and spot elevations were
placed where needed.

After the final editing, the complete set of mapping
data was prepared for GIS conversion. We examined
the data set for pseudo nodes, closed polygons and
correct layer tags. The data sets were then converted
to FCDMC CAD delivery file specifications.

We created ortho rectified photo overlays using the
mapping DTM as a rectification guide. The digital
imagery was aligned to the control, and mosaiced
into seamless tone matched sheet windows.

fl!?\\() APPENDIXE - MAPPING
W~ _

MAPPING
The two sheets,n this Appendix show the aerial pho­
tography for the Rittenhouse Basin area and the to­
pographic mapping developed from it.

Photogrammetry was augmented with supplemental
ground survey 1= oints using GPS methods, as reported
in Appendix D - Survey and Control.
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APPENDIXF

LOGAN SIMPSON DESIGN
51 WEST THIRD STREET, SUITE 450

TEMPE AZ 85281
(480) 967-1343

LA~'IDSCAPINGAND EROSION CONTROL
MULTIUSE COORDINATION
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CHANDLER HEIGHTS BASIN - DRAFT REPORT.
Draft Landscaping and Multi-Use Report

I. Existing Physical Characteristics

A. Vegetation, terrain, existing features.

Existing vegetation is primarily composed of sporadic deseltscrub and small undergrowth. The
few trees that do exist on the site are not of high quality and c,pportunities for plant salvage are not
feasible. As part of the proposed drainage improvements, the site will be cleared and grubbed of
all existing vegetation.

The existing terrain of the site is predominately flat. There a~e no identifiable high or low points,
and are few noticeable man-made features. Fencing is located around portions of the site's pe­
rimeter, predominately barbed wire. There is evidence of wildcat dumping, around the site. This
site has few natural features; it has likely been impacted by previous agriculture, off-road activities
and general use. Due to the future use of this site and the associated excavation, the existing ter­
rain will be entirely eliminated by the basin construction.

The site is currently used by off-road enthusiasts, includinE four wheel drive trucks, motocross
bikes and quads. These users have carved out several trails ill and around the site through years of
use. Due to the impending project, this user group will be displaced from the site.

B. Adjacent Land Uses and Prominent Features.

The existing land uses that surround the site include primaJily agriculture and small pockets of
residential development. There are few prominent features in the immediate area that are visible
from the site. The East Maricopa Floodway (EMF) is a feature that is accessible from this site.

c. Views and Viewsheds.

Views of the EMF are visible from the site, otherwise on-sit~ views are very limited by the spar­
city of natural and man-made features. Significant views to eff-site landforms include those look­
ing southward to the San Tan Mountains, northeastly towards the Superstition Mountains, and
northward to Red Mountain and the McDowell Mountains beyond. The vistas to the San Tan
Mountains are the most prominent, and should be considered during development of the basin site
plan. The site will be completed re-graded and excavated below its existing elevation, so views of
the EMF and off-site vistas will be eliminated, except from higher elevations around the perimeter
of the site (i.e., along the EMF, etc.).

D. Site Analysis.
In order to adequately understand the workings of this site, a site analysis was prepared. This
analysis identifies the physical and spatial considerations tha: affect how future users may experi­
ence this site. Existing conditions and future anticipated land uses are both considered. Within
the analysis, major site connections to trails and off-site roadways are identified. The importance
of such information is two fold: (1) so that the existing or rroposed feature is identified; and (2)
so that the spatial affect ofthis feature is noted. For example a major road impacts a site on many
levels, such as causing noise, disrupting views and vistas, providing access, and requiring illumi­
nation. Many of these features act as an activity edge. So, the affect on a site is not only physical,
but experiential.

Besides roadways, the EMF and associated Marathon Trail, existing adjacent land uses are identi­
fied in the site analysis. The quality of views, in and around a site, is an important factor to any
site analysis. By considering the proposed engineering configuration of the basin and its intended
use as a recreation facility, broad patterns have been shown for the preferred location of facilities
and uses. Areas requiring some type of screening are also called out on the site analysis.

II. Existing Surrounding Land UsesjZoningjMulti-Use Opportunities

A. Land Use Planning.

The site is currently undeveloped. Later sections in this report will elaborate on the TOG intended
use of this site as a park facility. Adjacent land uses are predominantly agriculture and residential.
The site is currently zoned as Open Space by the TOG.

B. Recreation/Multi-Use Opportunities.

Mutli-use opportunities are afforded by the proximity and potential connection to the East Mari­
copa Floodway (EMF). The Maricopa County Trail Commission has designated the eastern main­
tenance road of the EMF as it passes by the site as the location for the regionally-based Marathon
Trail. .While this trail will serve a regional purpose, it will also accommodate local community
recreation users and is consistent with the Town alGilbert, 1996-2001 Parks, Open Space and
Trails Plan.

III. Proposed Land Use (by Town of Gilbert)

A. Land Use and Landscaping.

l. Facilities.
The TOG has proposed that the CHB be developed into a community park facility, managed by
the GPRD (Gilbert Parks and Recreation Department). The GRPD has identified various recrea­
tional activities to be incorporated into this project. These activities range from highly active field
sports to more passive, pedestrian orientated activities, such as bird watching. All of the activities
require different support systems and infrastructure, and also have varying degrees of impact to
the site. These facilities have been incorporated into the site plan to the extent possible as shown
in the Conceptual Site Plan.

In addition to athletic and pedestrian facilities, the Conceptual Site Plan provides for the construc­
tion of an Activity Center. This center will be the largest structure on-site and a focal point for
park activities. The center will house office space for on-site park superintendents and staff, in ad­
dition to equipment storage and possibly rental facilities. The structure will also allow for indoor
activities such as table tennis, indoor volleyball/basketball and possibly racquetball. Restrooms
and locker accommodations will also be included in this facility.

2. Parking.
Surface parking is a necessity at most recreation facilities. The careful design and layout of park­
ing lots can insure proper circulation in and around the site by both vehicles and pedestrians.
Parking lots can also enhance the overall design by regulating what visitors can access. It is an­
ticipated that American With Disabilities (ADA) accommodations will be included in the final de­
sign of the parking lots by the GPRD.



5. Interpretive Opportunities.
This proposed recreation facility would provide numerous interpretive opportunities. Because of
these opportunities, visitors will not only have the chance to participate in numerous activities, but
also gain knowledge on a number of possible topics. These interpretive opportunities could in­
clude a vast number of topics, some of which include wetland restoration/creation, wildlife habitat
development, flood control, groundwater re-charge, plant identification and environmental issues
pertaining to central Arizona. The interpretive exchange can be achieved through the use of sign­
age, pamphlets and booklets. Interpretive opportunities are also viable for school children and
self-guided tours. Some of the interpretive opportunities or themes include:

a. Wetland Restoration/Creation. The interpretive opportunities associated
with a functioning wetland numerous. How a wetlands is formed, how it
sustains itself and what role it plays in the environment are a few topics that
could be addressed for this opportunity.

b. Wildlife Habitat Development. The development ofhabitat areas can in­
clude several different types and species. Habitats can range from desert­
dwelling reptiles to bird habitats to aquatic environments. Local bird
watcher clubs and similar groups could playa role in the development,
maintenance and associated costs of developing such habitats. The interpre­
tive opportunities can be achieved through a series of all-weather signs, bro­
chures and pamphlets describing the creatures and habitats that can be
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"Drop-off' accommodations have been incorporated into the Conceptual Site Plan for buses deliv­
ering school children or vehicles dropping off and picking up visitors. Delivery vehicles could
also utilize this feature. Temporary parking could also utilizf this location. To conserve land, em­
ployee parking would be included in the main parking areas, rather than separating the uses as is
common practice. Maintenance vehicle storage could be wthin the proposed Park Maintenance
Yard.

3. Pedestrian Circulation and Amenities.
Pedestrian use is key to the success of any park. CHB visitcrs will be allowed the opportunity to
participate in a variety of active and passive activities or to merely observe other park users. The
Conceptual Site Plan indicates a series of paths and trails that afford pedestrians access to all ac­
tivities and facilities. It is anticipated that the GPRD will install amenities and facilities solely for
pedestrian use; those include benches, tables, drinking fountains, ramadas, trash receptacles, pe­
destrian-oriented signage and security lighting. These featurl~s will be located throughout the park
and will occur at varying frequency. Where two or more major pedestrian paths converge, there
will likely be several amenities, creating a node. Less definable areas will likely include benches
and shade, and occasional receptacles and drinking fountaim. It is expected that security lighting
will occur at regular intervals along all pedestrian ways, as 'veIl as complying with applicable lo­
cal guidelines for such lighting.

4. Plant Material.
The use of plant material in park settings insures a visually p~easing facility. As stated later in this
section, the overall plant list includes predominantly desert-ldapted plants. However, the use of
turf and ornamental species will be an important component of the landscape plan and design.
Even though many ornamental plant materials could be considered high water use plants, these
plants are very affective at accenting entryways onto the si'e or for creating focal points. Plant
material selection will vary depending upon the site location. For example, the area adjacent to
basketball courts will likely be turf with no trees or shrubs. Along a multi-use path, there will
likely be several trees installed to provide shade and increase wildlife observation. In addition to
trees, there will be an understory consisting of shrubs, groundcovers and accent plant materials
along trails and paths, creating a comfortable pedestrian zone.

We anticipate that turf will be installed not only for those attivities that require it, such as soccer
and softball. It could also be provided in large areas for m1re passive activities, such as frisbee
throwing and kite flying. These large turf areas allow for mmy different activities that do not re­
quire facilities or permanent equipment. Large open lawns also allow for the gathering of large
groups for demonstrations or other organized festivals or performances. Low lying areas, wet­
lands or swales will have a very different plant palette. These lowland areas will include plants
that can tolerate periods of inundation, as well as times of m nimal supplemental watering. In ad­
dition to a diverse plant palette, these areas may become hab ,tat development zones for birds, rep­
tiles and other desert wash or wetland species.

The landscaping associated with this facility will be in accordance to TOG standards. These stan­
dards would include the plant material selection, density aId, to some extent, plant placement.
The TOG's acceptable plant material is primarily desert-adaJted trees and shrubs. The landscape
design of this site will include plans for an automatic irrigation system, controlled by an electric or
solar controller. This irrigation system will also be in accordance to local guidelines and regula­
tions. The GPRD will provide maintenance of the landscape and irrigation system.

Town of Gilbert Approved Plant List for Trees:

Common Name:
Brazilian Pepper
Jacaranda
Palo Brea
Desert Mus. Palo Verde
Blue Palo Verde
Native Mesquite
Texas Honey Mesquite
Fan-Tex Ash
Mulga Acacia
Guajillo
Sweet Acacia
Southern Live Oak
Cascalote
Mexican Bird ofParadise
Lysiloma
Texas Mtn. Laurel
Texas Ebony
Mexican Fan Palm
Date Palm
Sissoo Tree
Tipu Tree
Saguaro Cactus

Botanical Name:
Schinus terebinthifolius
Jacaranda mimosifolia
Cercidium praecox
Cercidium Hybrid
Cercidium floridum
Prosopis velutina
Prosopis glandulosa
Fraxinus velutina
Acacia aneura
Acacia berlandieri
Acacia minuta
Quercus virginiana
Caesalpinia cacalaco
Caesalpinia mexicana
Lysiloma thornberi
Sophora secundiflora
Pithecellobium flexicaule
Washingtonia robusta
Phoenix dactylifera
Dalbergia sissoo
Tipuana tipu
Carnegiea gigantea
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6. Civic Involvement.
Such park facilities often allow local clubs and organizations the opportunity to exercise their area
of expertise within its boundaries. Such groups may include garden clubs, rose clubs, radio­
controlled vehicle groups and bird watcher groups. These groups often provide improvements to
the park, such as the planting of rose beds and enhanced birdlabitats, at no actual cost to the com­
munity. The Conceptual Site Plan does not identify areas explicitly for such uses.

plaf)t information

PLANT IDENTIFICATION AND SIGNAGE

7. Security.
We anticipate that GPRD, Park Rangers and Town of Gilbert Police Department will provide the
security of the park. Park Rangers will likely patrol the park during hours of operation, and pro­
vide assistance to visitors. Police Officers will also patrol the park during hours of operation, but
will also have access to the park after hours for general patrolling and to investigate possible dis­
turbances. Park Rangers and Police officers could patrol the park by means of several different
modes of transportation. Those means could include patrolling by foot, bicycle, horseback,
ATV's and standard vehicles or cruisers. During times of basin inundation, water transportation
maybe needed and should be addressed further by the involved departments. Because of this secu­
rity presence, there may be a need for a TOG substation or staging area. In addition, FCD person­
nel will have unobstructed access to the basin and EMF for routine site visits and inspections.

B. Site Access.

This project site will primarily be accessed by motor vehicle by means of Queen Creek Road.
There is also the possibility of a secondary, or maintenance access point along Higley Road or
Ocotillo Road. The primary access, at Queen Creek Road, will be identified by signage, provided
by the TOG, and will be consistent with GPRD park signage. In addition to signage, the entry to

found at the site. Nature-walks along ald through the Queen Creek convey­
ance channel on the Eastern edge of the: basin, can bring visitors into these
created environments and offer educational information at nodes along such
trails. The possibility does exist for the development of a "Nature Center"
within this park site. This facility could provide classroom space for lec­
tures and classes and also provide space for displays and exhibits. School
children may attend field trips to this location, and view presentations and
demonstrations regarding the local wiklife and its habitat.

c. Flood Control/Recharge. The opportunity to educate the public about the
intent and design of this site, and the role it plays in flood control and re­
charge, if the latter is included in the basin function, is a viable interpretive
feature. As with habitat development, this can be achieved through the use
of signage, pamphlets and brochures. Lectures and presentations may also
be provided.

d. Plant Identification. The use of small placards to identify certain plant spe­
cies has been used successfully througlout botanical gardens, as well as in
public parks. These signs would likely include a photo or drawing ofthe
specific plant, common and botanical nlmes and a brief introduction to the
plant and its identifiable characteristics

e. Environmental Issues. This opportunity includes such issues as recycling,
alternate power sources, urban sprawl and similar items. These elements
would likely be issues covered by spomored lectures and presentations on
site, rather than randomly placed informative signs.

erosionle~ge 'control
.6/ / ,I

WETLAND/HABITAT DEVELOPMENT
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the site will be lighted by means of overhead and accent lighting. The use ofplant material, grad­
ing and possibly water features will aid in the identification and accentuation of this access point.

Bicyclists, equestrians, rollerbladers and pedestrians can also access this facility; these visitors can
enter the facility at various pedestrian entries around the site, including from the EMF. These en­
tries will probably have park signage, identifying the park h,)urs, rules and regulations. In addi­
tion, it is expected that lighting and landscaping will be incluc\ed at the pedestrian locations. Other
site amenities that may also be incorporated include seating, trash receptacles and drinking foun­
tains.

Maintenance vehicle access to the site will be separate from the primary entry. Maintenance ac­
cess will be signed to allow only authorized vehicles to proce,.~d. These entries will likely be mini­
mally address and include only security lighting and miniml1 landscaping or features. Security
fencing will be a part of this location.

We anticipate the pedestrian trails within the site will incluc'.e security lighting and frequent rest
stops that will include seating, shade and a drinking water source. These trails are anticipated to
be at least 10' wide and comprised of a hard surface materal which meets ADA requirements.
Grades and side slopes will be in accordance to ADA standards and requirements of TOG. It is
expected that these trails will also be constructed as to accommodate use by emergency vehicles
and general maintenance equipment. Pedestrian-oriented signage will probably be installed along
these paths and will be in the form of post and pedestal-mounted signs and kiosks at path intersec­
tions.

There may be times when access to the site will not be allowed, for example; after operational
hours, during times of basin inundation and when extensive maintenance is being conducted.
During these instances, access to the site will be controlled by a combination of gates, fences and
signage installed by the TOG. The role of park rangers anc police officers, in regards to safety
and controlled access to the site, has been described above.

c. Landform/Grading.

Overall grading of the site will be designed to encourage pmitive drainage into the EMF through
the provided outlet facilities. Accent grading and berming by the GPRD may impede the overall
drainage of the site; the GRPD's consulting engineer will address any issues related to the hydrau­
lics of the site after installation of the recreation features. Tl.e proposed park facility will include
several athletic courts and fields having specific drainage requirements to allow for their proper
function. It is assumed that the GPRD will investigate whfther these grading drainage require­
ments will reduce the effectiveness of the overall drainage patterns established for the basin during
its final design.

Within this project, there are proposed features and/or facilities that will be damaged or otherwise
destroyed should they become inundated during storage of fbws. These facilities include the ac­
tivity center, BMX track, skate park, restrooms and concessions area, equestrian center, mainte­
nance yard and a possible caretakers residence. As a result, hese features will be located on a 20­
acre platform, set at or above the highest possible water level that may be attained in the basin. As
a result, these structures and facilities will not be exposed to inundation. Some proposed elements
can be flooded for periods of time and can be designed to insure minimal damage or maintenance
as a result of inundation. These elements include basketbaE courts, athletic fields (soccer, foot­
ball, softball), volleyball courts and pedestrian use areas, such as paths, trails and rest areas.

It is known that some level of maintenance and general cleanup operations will be required after
any significant storage of storm flows in the basin. Maintenance may include the removal of de­
bris carried by floodwater, including uprooted vegetation, sediments and man-made refuse. Addi­
tionally, certain facilities may require repairs after basin activity, such as rust proofing, insulation
of electrical equipment, painting and possible re-grading of softball/baseball infields. Pedestrian
paths and trails will also likely require cleaning and removal of debris after such events. Through
the use of area-specific grading, and the creation of swales adjacent to high use areas, a faster
"dry-time" can be achieved as water recedes and zones begin to dry.

The use of grading and landforms to create both wetland (where possible) and habitat areas are
recommended. Grading solutions can aid in the creation of wetland areas conveying rainfall run­
off to pre-determined locations, and subsequently allowing for certain amounts of water to remain
in these locations. This may create a self-sustaining wetland. Habitat development can also be en­
hanced by the manipulation of grades and landforms. These modifications can create nesting is­
lands within wetland areas or the channels that may occur on this site. In addition, landforms can
be designed so as to make human access a challenge, thus allowing for a habitat-dedicated zone or
area that will not be infringed upon by visitors.

D. conceptual/Illustrative Site Plan
The Conceptual Site Plan includes several elements and features identified as being integral to the
success of this park by the TOG. Some of those features include athletic courts, BMX and skate­
board facility, equestrian facility, soccer complex, softball fields, activity center, dog-park, park­
ing, amphitheatre and access roads. Other activities and elements will be incorporated into the
plan, where possible, as the design process continues. Some activities have not been shown on the
Conceptual Site Plan: they include space for local "soaring" clubs, archery club space and play­
ground areas. The plan is conceptual and subject to refinement as the final design for the basin is
completed.

.
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IV. Proposed Chandler Heights Basin Features (by Flood Control District
of Maricopa County)

A. Basin Grading.

Excavation for the basin will begin at the right-of-way limits. Slopes along the perimeter of the
basin will generally be a constant 4: 1 slope ratio, although some slight variations in the slopes can
be expected at minor locations. Twenty (20) acres of land (rot all in a single location) will be re­
tained at approximately the existing ground elevation so that a "dry" area for built facilities and
parking can be provided during times ofbasin inundation. These recreation facilities would be de­
signed and built by the TOG meet all municipal codes, regulations and standards. No "aesthetic
grading" will be undertaken by FCD for these facilities. The floor of the CHB will be gently
sloped to the outlet structures that discharge into the EMF t) create positive drainage within the
basin. The basin bottom grade will be so slight as to appear fat.

B. Drainage Features.

Due to the use of the site as a flood control basin, there will he certain infrastructure features con­
structed as part of the project. The proposed features include an approximately 1,000' long con­
crete side-weir along the Queen Creek conveyance channel at the east edge of the basin. The side­
weir is proposed to have a 20' concrete top width. As part )f the side weir, there will be a con­
crete stair-stepped energy dissipater. In addition, two outlets, with concrete headwalls will be pro­
vided to drain the basin into the EMF.

Even though these elements as planned are utilitarian, both in function and appearance, there ex­
ists an opportunity to influence their overall appearance, and In some cases, how the element is in­
tegrated into the landscape. Some examples ofhow the appearance or location of a device may be
manipulated are as follows:

• 1. Side-weir and apron. The main purpose o:~ this device is to set a predetermined
elevation at which flows in the conveyance channel will spill over into the basin via the
side-weir, thus alleviating some demands on the channel. The side-weir is approxi­
mately 1,000' in length, and will have an access/maintenance road atop it, with a width
of about 20'. The weir steps into the basin and terminates into riprap, that will function
as an erosion control device by spreading the water out, and reducing the velocity of
the incoming flows. This structure can be constructed of several different materials,
including concrete, gabions, geo-blocks and simikr pre-fabricated devices. The overall
shape and location of the weir will conform to standards set by the basin engineer;
however, the appearance may be modified to prodlce a more aesthetically pleasing fea­
ture.

• 2. Riprap areas. These areas will be located at primary and secondary inlets to the
basin to prevent soil erosion caused by actively fowing runoff. Installation of rip-rap
will be as per FCD standards, although the general shape and possibly the size of the
cobbles can be influenced to create interesting elements, as well as maintaining its in­
tended purpose.

• 3. Flood gates. The planned outlets from the basin, which would allow for lim-
ited re-flow back into the EMF, would be achieved via floodgates installed near the
southern edge of the site, adjacent to the EMF. These gates are purely utilitarian in de­
sign and function. It is recommend that no aeshetic treatments be installed on this
equipment.

•

C. Landscaping.

The perimeter of the site, including areas along trails/paths and at vehicular access points to the
site, will be landscaped in accordance with the approved TOG plant palette and within the parame­
ters ofthe FCD's Aesthetic Guidelines. The plants will be primarily desert adapted, low water use
trees, with additional use of shrubs, groundcovers and accent material. The plant selection will be
coordinated with the GPRD representatives. The ground plane will be seeded with native plant
species, and turf will be installed in certain locations. The plantings will be watered via an auto­
matic, underground drip system.

D. Erosion Control/Protection.

Soil erosion can occur at two distinct phases of development and operation of the CHB. The ini­
tial period is during the construction phase. Because more than 5 acres will be disturbed by the
basin construction, the work is regulated by the National Pollutant Discharge Elimination System
(NPDES) regulations. The Maricopa County Drainage Design Manual (Volume III) identifies the
steps necessary to be in compliance with the NPDES regulations and to reduce erosion from con­
struction sites (i.e., preparation of a Stormwater Pollution Prevention Plan (SWPPP), use of Best
Management Practices (BMP) and completion of Notice of Intent (NOI) and Notice of Termina­
tion (NOT) forms). The FCD drainage improvements will be designed and installed based on the
procedures contained in Design Manual.

The second phase where erosion can occur at the site is during the operations phase. When the ba­
sin is filled or filling during stonn events, sediment will be carried into the basin from off-site
flows or spillage into the basin can cause localized erosion near the side-weir. During periods of
inundation, water can also begin to erode the basin banks due to wave action. Suspended materi­
als in the water can then be transported into the EMF during the draining process through the pipe
outlet or when water spills back over the EMF side weir. While little can be done to eliminate the
sediment import from off-site water, erosion created in the basin has been addressed. The stepped
spillway associated with the side-weir has been designed to spread the flows entering the basin to
reduce potential erosion ofbasin soils.

Rainfall and associated sheet-flow are common causes of slope erosion. Because the proposed
recreation facility is within a flood control basin, the entire perimeter is comprised ofman-made
side slopes. The erosion damage located on such side slopes usually includes rivulet and gully
formation, all resulting in destabilized slopes and a loss of soil and surface treatment material,
such as decomposed granite or seed. Mitigation of such erosion includes the installation of vege­
tation on the slopes, illlplementation of swales, terraces and channels to move the runoff perpen­
dicular to the slopes, and eventually down the slope in a controlled manor at a pre-determined lo­
cation.

E. Section 404.

An Individual Permit will be used to authorize construction of the Chandler Heights Basin. After
discussions with FCD staff, it was determined that because of the hydraulic interrelationship of the
Rittenhouse and Chandler Heights Basins and the need to construct drainage features within the
EMF (which may be jurisdictional to the Corps of Engineers) during the Rittenhouse Basin activi­
ties, both basins will be permitted under a single permit. Alternatives analysis will be prepared by
the consultant for use by the FCD staff. FeD will prepare the permit application. Compensatory
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mitigation required to offset lost habitat values will be addressed during the permitting phase. No
costs have been assumed in the Engineers Estimate prepared -:Or the project because of the uncer­
tainty of the mitigation requirements.

-----------------------------------,
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1.0 Introduction

The location of the proposed Chandler Heights Basin is Townslip 2 South, Range 6

East, including parts of sections 10, 15, and 22. The west side of the ~Jasin is bound by the

Roosevelt Canal and the southeast side of the basin is bound by the Queen Creek channel,

both of which constitute the East Maricopa Floodway.

The purpose of this report is to document the subsurface re6arge potential of the

Chandler Heights Basin project proposed by the Maricopa County Food Control District.

Excess water is to be collected from major flood events into the be,sin, where it will be

recharged into the soils and aquifer below. Ideally, an investigation such as this involves

field work that may include the drilling of soil borings and perhap:; surface geophysical

surveys to develop a consistent evaluation of the soil characteristics. However, this study

was dependent on existing information, including driller's reports, shallow percolation tests,

Arizona Department of Water Resources (ADWR) well databases, and previous hydrologic

investigations. The difficulty in relying on such sources is their inconsistencies and the

limitation to others interpretation of raw field data, as well as the lack of site-specific field

data. To make the most of the available information, the interpretations presented in this

report are greatly simplified and must be treated as preliminary.

HydroSystems. Inc.
Tempe, Arizona
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The subsurface geologic features that can most hinder a recharge project are shallow

restricting layers above the water table. In the Salt River Valley, restricting layers are

primarily fine-grained silt or clay layers and caliche. Stream channel deposits are generally

coarse-grained and permeable, except locally where overbank deposits with intermixed silt

and Clay are more prevalent. In general, deposits outside of the flood plain are coarse­

grained, highly permeable stream channel deposits covered with a thin veneer of finer­

grained deposits (Ken D. Schmidt and Associates, 1995).

The study area for this report encompasses the proposed Chandler Heights Basin and

the area approximately one square mile beyond the basin borders. Well information was

obtained for this area using the Arizona Department of Water Resources (ADWR)

groundwater site inventory (GWSI) and 55 files databases (ADWR, 2000a) and driller's logs

(Appendix A and B). A well location map is provided in Figure 1.

2.1 Geology

Three major subsurface alluvial units have been described in ADWR groundwater

modeling studies of the Salt River Valley (Corkhill et al., 1993). The deposits of the Upper

Alluvial Unit (UAD) are generally coarse-grained, unconsolidated, and average

approximately 200 feet in thickness in the study area (Ken D. Schmidt and Associates, 1995).

They include the alluvial fan deposits of Queen Creek and farther west, stream channel

deposits of the ancestral Salt River. Deposits of the UAU are primarily above the water

table. The Middle Alluvial Unit (MAD) is the next underlying unit with finer grained

deposits than theUAU. These fine-grained deposits of the MAU typically act as a confining

bed between groundwater in the Upper and Lower Units. However, in the area of the

proposed Chandler Heights Basin, some of the MAU is coarser grained and not considered to

be a confining bed (Ken D. Schmidt and Associates, 1995). The thickness of the MAU

ranges from approximately lOO feet to more than 600 feet beneath the study area, thinning to

the south. Most of the production wells in the area are screened entirely or primarily within

2.0 Background Hydrogeologic Conditions

HydroSystems. Inc.
Tempe, Arizona

1

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
II



• • I

2.2 Groundwater Levels

the MAU. The Lower Alluvial Unit (LAU), present beneath the MAU, consists of coarse­

grained deposits that are often consolidated, but can be highly productive.

Historical water level data from the study area indicate a steady rise in water levels

since the 1970s and 1980s, with at least one well indicating recovelY to predevelopment

levels. Groundwater level hydrographs of select wells ·are shown in Fit.llre 3. Figure 3.A. is

a hydrograph of a well located at D-02-06 22BDD, just southeast of the Queen Creek channel

boundary of the Chandler Heights Basin. This well, which is screened in the MAU and

LAU, shows an average water level rise of almost 6 feet per year since November 1982.

Figure 3.B. is a hydrograph of a well located at D-02-06 9ADD, approximately three quarters

of a mile northwest of the Roosevelt Canal that borders Chandler Heights Basin. This well,

which is screened in the MAD, shows a water level decline of 170 feet.Tom 1948 until 1975,

HydroSystems, Inc.
Tempe, Arizona
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and then a steady recovery to the pre-development 1948 water level by 1997. Several wells

in the study area were also measured for water levels in November 1991. In comparing these

1991 water levels with the winter of 1997-1998 water levels, there was an average water

level rise of 47.5 feet over the 6-year period, or nearly 8 feet of rise per year.

Groundwater data have been examined to understand the ambient groundwater

quality beneath the proposed Chandler Heights Basin area. It is not anticipated that there will

be any adverse chemical reactions to recharging floodwaters in the basin since the source

water will be composed of precipitation water that is already naturally recharging the area.

However, physically adding larger volumes of this water to the subsurface may increase the

migration of existing chemical constituents from the soil to the groundwater; therefore, it is

important to know the condition of the groundwater quality prior to artificial recharge.

2.3 Groundwater Quality

In January 1995, water samples were collected from seven private domestic wells and

three stock wells in the vicinity of the proposed Chandler Heights Basin (Ken D. Schmidt

and Associates, 1995). These samples were collected from wells with known screened

intervals. Figure 4 shows the well locations, screened interval, and chemical concentrations

ofselected inorganic constituents from this sampling.

Total dissolved solids (TDS) concentrations in these samples ranged from

approximately 400 to 3,000 mglL. The lowest and highest TDS concentrations were found in

wells south of the proposed Chandler Heights Basin. There appears to be little correlation

between the screened interval or well depth and TDS concentration, but the wells having the

highest TDS concentrations tended to have shallower perforations «500 feet). Chloride is a

predominant ion in these groundwater samples and trends in chloride concentrations were

similar to those for TDS. The occurrence of high TDS and chloride concentrations appears

to coincide with areas that have been irrigated with Salt River Water (Ken D. Schmidt and

Associates, 1995). This increase in TDS may be attributed to the leaching of salts from the

soil during irrigation.

HydroSystems, Inc.
Tempe, Arizona
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The rate of seepage from a recharge basin will not be impacted by groundwater if the

water table is below the basin bottom (Bouwer, 1978). The ADWR year 2000 databases

were accessed for the latest groundwater level information. In the winter of 1997-1998

several wells in the area were measured for groundwater level, as shown in Figure 2. A

couple of wells in the area indicated significant differences in water level at the same

location and time. For instance, two wells located at D-02-06 21 CAA have water levels

differing by over 100 feet. Such differences may be explained by dif£~rent screen intervals,

but may also be explained by one well pumping and the other not. To minimize water level

differences caused by differences in screen interval and pumping, the data presented in

Figure 2 represent non-pumping wells that are primarily screened or Jenetrating the MAU

and only minor portions, if any, of the UAU. Under these constraints, the depth to water

ranges from 92 feet below ground surface (bgs) on the west side of Cl.andler Heights Basin

to depths greater than 220 feet bgs on the east side.. The actual water levels beneath the basin

area are probably from depths of 130 to 160 feet bgs or elevations of 1,180 to 1,150 feet

above mean sea level (amsl). Based on these water levels, the general direct~on of
',.

groundwater flow is west to east across the study area. These water level data do not indicate

the presence of a perched water table within the study area.
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Three well samples near the southern tip of the proposed Chandler Heights Basin

exceeded the maximum contaminant level (MCL) of 45 mglL for nitrcte concentrations (Ken

D. Schmidt and Associates, 1995). All arsenic concentrations measured were below the
current MCL of 0.05 mglL.

Based on the groundwater quality conditions near the prop03ed Chandler Heights

Basin, it is likely that additional recharge with floodwaters could help to dilute some of the

groundwater having high TDS concentrations. Alternatively, some o~~ the irrigated soils in

the area are probably concentrated with salts that could bemobi1i~;ed by the additional

recharge and contribute to the dissolved solids load of the groundwater.

3.0 Soil Characteristics

3.1 Soil Borings and Percolation Testing

HydroSystems, Inc.
Tempe, Arizona
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Soils located in and around the area of the proposed Chandler Heights Basin have

been evaluated for their recharge potential. Data for characterizing the upper 25 feet of soils

were obtained from soil boring logs and percolation testing performed by Ninyo and Moore

(2001). A broader evaluation of the soil properties down to 500 feet was completed using

driller weII logs acquired from ADWR.

Ninyo and Moore (2001) performed shallow soil borings and percolation tests in the

area of the proposed Chandler Heights Basin in July of 2001. Six soil borings were

completed with an 8-inch diameter hoIIow-stem auger to depths ranging from 19 to 26.5 feet.

The locations of the soil borings are provided in Figure 1.

The predominant material identified in most of the soil boring samples, especiaIIy in

the upper 15 feet, was day. Layers dominated by sand and gravel were identified below 15

feet in four of the six soil borings (Table 1). This is more relevant than the upper 15 feet

because the Chandler Heights Basin will be excavated to depths near 15 to 20 feet from the

current land surface.

Percolation tests were perfonned adjacent to the shaIIow soil borings according to

standard method C-I09 of the City of Chandler. The tests were perfonned at or near the

proposed elevation of the bottom of the Chandler Heights Basin, at 15 to 20 feet below the

current land surface. The diameters of the percolation test holes were at least 12 inches and

the sides of the test hole were cased with an impermeable membrane to a depth of one inch

below the bottom of the hole. Each test hole was prewetted for 24 hours, or until a stabilized

percolation rate had been achieved, maintaining a free water surface during the entire

prewetting period.

HydroSystems, Inc.
Tempe, Arizona
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*Interface between sand and gravel units.

Table 1. Shallow Soil Boring and Percolation Test Results

3.2 Drillers' Well Logs

The results of the percolation test varied from a maximum of 21.8 feet per day to a

minimum of 1.7 feet per day. Table 1 lists the percolation test results along with soil

characteristics determined from drilling the shallow soil borings.

HydroSystems, Inc.
Tempe, Arizona

8

northern tip of the basin and near the surface in the southern part of the basin, south of

Ocotillo Road. There also appears to be a thicker sectiop of coarser soils to the southeast of

the proposed basin location.

It is important to emphasize that these interpretations of the soil, using drillers' well

logs, are based on large simplifications of suspect data. Therefore, the interpretations made

here should only be viewed as preliminary, until additional site-specific field data can be

acquired.

HydroSystems, Inc.
Tempe, Arizona
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The map in Figure 1 shows the location of all the wells havin~~ drillers' logs available

for this investigation. Only the upper 500 feet of each log was evaluated because the focus of

this study is the unsaturated soils, above the water table. In additicJil, because the drillers'

logs are so varied according to time, quality, and who logged them, interpretations had to be

greatly simplified in order to make them more consistent. Each reported soil type was

classified as either coarse, if it was dominated by sands and gra, -els, or fines, if it was

dominated by silt and clay. Thin layers of coarse or fine materials were sometimes omitted if

the remaining portion of the log was dominated by another contrasting soil type.

The results of this effort are shown in a three-dimensional diagram, identified as

Figure 5. Based on the coloring of the diagram, it is apparent that the surface and deeper

soils in the area of the proposed Chandler Heights Basin are dominated by fines. However,

the unsaturated zone soils do indicate lenses of coarser material :lear the surface at the

Test Hole Name CH21 CH22 CH23 CH24 CH25 CH26
Percolation Test Depth

±20 ±20 ±lS ±20 ±:O ±IS(feet bgs)
Drilling Penetration Rate

at Test Depth 34 89 91 37 85 84
(blows/foot)

Dominant Soil Type
Sand Clay Clay Sand Gravel SandiGravel*at Test Depth

fufiltration Rate
21.8 7.9 2.4 7.2 3.1 1.7(feet/day)
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4.0 Estimation of Recharge Capability

The measured short-term infiltration rates from the percolaton testing have been

assigned to soil types by relating the test results to the borehole soil samples from similar

depths and locations (Table 1). The slowest infiltration rates for each soil type were chosen

as representative values because over the long-term, slower infiltrati)n rates are generally

more realistic (Martin and Swieczkowski, 1999). Using these methods, the following short­

term infiltration rates were assigned: clays and other fines = 2.4 feet/day; sand = 7.2 feet/day;

and gravel = 3.1 feet/day.

Applying short-term infiltration rates from percolation testing and long-term

infiltration rates from other facilities to the soils information shown in .,4'igure 5 suggests that

infiltration rates within the Chandler Heights Basin,. north of Ocotillo Road, will range from

less than 1 foot/day up to approximately 2 feet/day. Infiltration rates within the basin, south

of Ocotillo Road~ will likely be slightly higher, ranging from 2 to 4 feet/day. These

estimations suggest possible recharge rates of up to 370 acre-feet/day in the northern part of

the basin and approximately 90 to 180 acre-feet/day in the southern part of the basin.

Long-term measured infiltration rates have been evaluated for a number of recharge

sites in Arizona and related to their previously estimated recharge rates (Martin and

Swieczkowski, 1999). The result is that estimated infiltration rates d,~termined from short­

term testing vary significantly from actual long-term infiltration rates. Much of the variation

is caused by site-specific factors that cannot be measured during shor:-term tests, including

site variability, facility use and maintenance practices, and subsurface l~onditions. All of the

long-term measured infiltration rates in near-by recharge facilities suggest that the infiltration

rates obtained from percolation testing in the Chandler Heights Basin area are overestimates.

For instance, the GRUSP site, located in coarse riverbed materials, has one of the highest

average long-term infiltration rates of 3.4 feet/day, but more typical long-term infiltration

rates of less than a foot per day are found at the Mesa NWWR (0.3:eet/day), Gilbert (0.3

feet/day), Sweetwater (0.8 feet/day), and Vidler MBT Ranch (0.7 feet/ecay) recharge facilities

(Martin and Swieczkowski, 1999).

HydroSystems, .Inc.
Tempe, Arizona
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Clogging is generally a long-term problem in artificial recharge with basins.

Deposition of fine-grained materials (biological and detrital) is likely to clog the upper soils

over time and reduce infiltration rates. Clogging can reduce infiltration rates to only a

fraction (sometimes less than one-tenth) of the original infiltration rate (Bouwer, 1978).

A sedimentation basin is proposed in the design of this project, which will help reduce

clogging problems. Another way that clogging is prevented is by periodically drying the

basin so that the clogging layer can dry, crack, curl up, and the organic materials can

decompose. However, maintenance issues such as this may not necessarily apply to the

Chandler Heights Basin, being a proposed multi-use facility. Landscaping and recreational

use of the site are likely to affect the surface soils in other ways, including the occurrence of

some natural compaction.

HydroSystems, Inc.
Tempe, Arizona
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5.0 Conclusions

• The recharge estimates provided in this report are only preliminary and further site­

specific field investigations are recommended for a more accurate assessment of the

recharge conditions of the site.

Hydrogeologic conditions in the area of the proposed Chandler Heights Basin appear

to be favorable for periodic recharge of excess storm water. The following points summarize

the findings of this investigation.

Recommendations based on the findings of this report are listed belo w:

HydroSystems, Inc.
Tempe, Arizona
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Groundwater levels are sufficiently deep at 130 to 160 feet bgs to not impede
recharge rates.

Areas with greater concentrations of fine-grained surface soils r'light offer good

locations for sedimentation basins, which leaves the coarser grained ;;oils for recharge
areas.

•

• Groundwater quality beneath the Chandler Heights Basin is quite variable from well

to well, but some wells show a small indication that shallower groundwater may be

higher in TDS and chloride. It is unclear whether additional~echarge from the

Chandler Heights Basin will dilute existing groundwater quality or increase the

dissolved solids by leaching salts from the soil along the way.

• Unsaturated soils in the northern half of the Chandler Heights Basin are dominated by

fine-grained materials including silt and clay. Unsaturated soils in the southern half of

the basin show higher amounts ofcoarse-grained materials such as sand and gravel.

• Preliminary estimates of short-term infiltration rates, sugge)ted by discrete

percolation tests within the basin area, are as high as 2 to 5 feet/day. Longer-term

infiltration rates, indicated by other Arizona recharge facilities are generally lower,

suggesting rates of less than one foot/day in fine-grained soils up to 4 feet/day in
coarser soils.

•
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•CH 26 Soil Boring Identification
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•27CDD Well Identification
T.D.510 Total Depth (feet)

Sources:
Ninyo & Moore, 2001

ADWR,2000b
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Well & Soil Boring Location Map
Figure I
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27CDD21 Well Identification

1160/165 Water Level Elevation I Depth to Water
(feet Above Mean sea level) (feet Below Surface)

290 - 6821 Perforated Interval
(feet) or Total Depth (T.D.)

MAD 1 Alluvial Unit
(MAU = Middle, UAU = Upper)

Contour of
Water Level Elevation

(feet Above Mean Sea Level)

Direction of---I......... Groundwater Flow

Source:
ADWR,2000a

H·· n~YdrOSystems Inc.
• .4Ii GARY G. SMALL M.S., P.G., C.E.I
, . 1220 S, PARK LANE. SUITE 5 TEMPE, AZ. 85281~-J'T£"PHO",' 490-"'-9050 'AX, 490-517-9049

Groundwater Elevations for
Winter 1997 - 1998 Figure 2
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Well and Identification

Perforated Interval (feet) or Total Depth
(T.D.) or Open Bottom (O,B.)
Total Dissolved Solids (mglL)
Chloride (mg/L)
Nitrate (mg/L)
Arsenic (mg/L)

Source:
Modified from Schmidt and

Associates, 1995
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n~YdrOSystems Inc.
... GARY G. SMALL M.S., P.G., C.LI
,.. . 1220 S. PARK LANE. SUITE 5 TElAPE. AZ, 85281~J.T£lEPHOH[' '"0-"7-9050 FAX, '80-517-50"

Concentration of Selected Inorganic
Chemical Constituents in

Groundwater
Figure 4
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Explanation

Fine - grained Soils

Coarse - grained Soils

Groundwater Table

Proposed
Chandler Heights

Basin

Fence Diagram of Chandler Heights Basin Area
Based on Drillers Logs of Existing Wells

Figure 5

Source: ADWR, 2000b
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Appendix A

GWSI
General Well Information

T2S, R6E, Sections 9-11,14-16,21-23, and 26-28

LocallD Regulatory Latitude Longitude Well Site Water Well
Number Oecimal Oecimal Altitude Use Use Oepth

0-02-06 09ABB1 33.277222 111.745278 1290 U U 195
0-02-06 09ABB2 33.276944 111.745278 1290 U U
0-02-06 09ABB3 33.276944 111.745 1290 W H
0-02-06 09AOO 33.270556 111.7375 1300 W I 762
0-02-06 09CCC 33.263333 111.754167 1284 U U 255
0-02-06 090CC1 33.263333 111.745556 1292 Z U 350
0-02-06 090CC2 33.263333 111.745833 1294 U U 800
0-02-06 0900A 33.266667 111.7375 1290 W I 600
0-02-06 10ACO 33.271944 111.725278 1310 W H 595
0-02-06 10BBA 33.277222 111.733889 1300 904
0-02-06 100CC 33.264167 111.7275 1312 U U
0-02-06 100C01 33.263611 111.725833 1315 W I
0-02-06 100C02 620531 33.263889 111.725556 1315 W I 2730
0-02-0611 BAB1 33.277222 111.714444 1317 U U 600
0-02-06 11 BAB2 33.277222 111.714722 1321 U U 900
0-02-06 11 BCC1 33.270833 111.719444 1318 Z U 301
0-02-06 11 BCC2 620529 33.270278 111.719722 1318 W I,P 1015
0-02-06 11 OA01 33.267778 111.702778 1332 U U 650
0-02-06 11 OA02 618554 33.267778 111.7025 1332 U U
0-02-06 11000 618553 33.263611 111.702778 1333 U U 400
0-02-0614A001 33.256111 111.702778 1336 Z U 354
0-02-0614A002 612273 33.256389 111.702778 1336 W I 1710
0-02-06 14BOO 33.256667 111.7125 1325 420
0-02-06 140M 33.255833 111.702778 1337 W I 606
0-02-06 1400A 612274 33.251389 111.7025 1335 W I 1303
0-02-06 15B001 620533 33.256389 111.728889 1312 W I 1000
0-02-06 15B002 33.256111 111.729167 1312 W H
0-02-0616AAA 33.261944 111.738056 1304 U U
0-02-06 16MO 33.259722 111.7375 1304 W P 610
0-02-06 16ACC 33.256667 111.745 1298 U U
0-02-06 16BM1 086951 33.2625 111.746944 1291 W C 800
0-02-06 16BM2 33.261667 111.746944 1292 W N
0-02-06 160M 33.254722 111.738333 1306 Z U
0-02-06 160AB 620534 33.255 111.740833 1302 U U 750
0-02-06 21 BBB 33.247778 111.754167 1288 W H
0-02-0621CM1 610424 33.240833 111.746111 1296 U U 790
0-02-0621CM2 800253 33.240556 111.7475 1296 W H 585
0-02-06 210CA 33.235556 111.741944 1300 W P 610
0-02-06 22BM 623411 33.248611 111.73 1310 W I 781
0-02-06 22BC01 33.241667 111.734722 1310 W I 900
0-02-06 22BC02 33.241667 111.733333 1312 * * 1252
0-02-06 22BOO 609478 33.241667 111.728611 1313 W I 1400
0-02-06 22CBA 33.240833 111.734167 1310 U U 1970
0-02-06 22CCC 33.234444 111.735833 0* * 2060
0-02-06 22COA1 33.238333 111.728611 1317 Z U 400
0-02-06 22COA2 609477 33.235556 111.728889 1317 U U 730
0-02-06 23000 647066 33.233889 111.702778 1342 W I 1138
0-02-06 26COO 647146 33.219167 111.711111 1360 U U 1197
0-02-06 26000 33.219444 111.702778 1372 U U 717
0-02-06 27C001 33.219444 111.728611 1325 U U 350
0-02-06 27C002 647145 33.219444 111.728611 1325 U U 682
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GWSI
General Well Information

T2S, R6E, Sections 9-11,14-16,21-23, and 26-28

Local 10 Regulatory :Latitude Longitude Well·· . Site Water ..• Well ..
Number Decimal··· Decimal Altitude Us'~

..

Use Depth
0-02-06 27C003 33.219722 111.728611 1325 U U 500
0-02-06 270BC 33.223889 111.7275 1320 575
0-02-06 28AAA1 33.233333 111.738333 1310 U U 606
0-02-0628AAA2 622207 33.233333 111.737778 1309 U U
0-02-06 28A001 33.226944 111.738333 1305 Z U 600
0-02-06 28A002 620540 33.226944 111.7375 1305 W I 1675
0-02-06 28BBB 33.233056 111.753611 1290 Z U 606

Page 2

GWSI
Water Level Information

T2S, R6E, Sections 9-11, 14-16, 21-23, and 26-28

Local 10 Water Level· Date Water Level Depth Water Level Elevation
0-02-06 09AOO 25-Mar-48 130 1170
0-02-0609AOO 13-Jan-72 282 1018
0-02-06 09AOO 29-0ec-75 301.5 999
0-02-06 09AOO 29-Nov-82 254 1046
0-02-06 09AOO 05-0ec-84 216.5 1084
0-02-06 09AOO 12-0ec-97 130.4 1170
0-02-06 09CCC 07-0ct-39 90.5 1194
0-02-06 09CCC 09-Feb-45 106.38 1178
0-02-06 09CCC 24-Aug-46 112.18 1172
0-02-06 090CC1 01-0ct-39 96 1196
0-02-06090CC1 19-Nov-82
0-02-06 090CC2 21-Nov-84 174.3 1120
0-02-06 090CC2 12-0ec-97 108.5 1186
0-02-06 0900A 17-Apr-48 130 1160
0-02-06 100CC 01-Jan-40 110 1202
0-02-0611 BAB1 17-Apr-30 87 1230
0-02-06 11 BAB1 13-Aug-31 87.75 1229
0-02-0611 BAB1 23-Feb-34 81.4 1236
0-02-0611 BAB1 01-Apr-36 86.5 1231
0-02-0611 BAB1 01-0ec-48 142 1175
0-02-06 11 BAB2 15-Apr-65 354.6 966
0-02-06 11 BAB2 23-Jul-65 386 935
0-02-06 11 BAB2 20-Sep-65 394.7 926
0-02-06·11 BAB2 20-Jan-66 363.2 958
0-02-06 11 BAB2 20-Apr-66 363.4 958
0-02-06 11 BAB2 20-May-66 374.1 947
0-02-06 11 BAB2 20-Jun-66 384.5 937
0-02-06 11 BAB2 18-Aug-66 389.9 931
0-02-06 11 BAB2 21-Sep-66 358.2 963
0-02-06 11 BAB2 21-0ct-66 325.36 996
0-02-06 11 BAB2 22-Nov-66 297.53 1023
0-02-06 11 BAB2 21-0ec-66 294.8 1026
0-02-06 11 BAB2 20-Jan-67 296.16 1025
0-02-06 11 BAB2 21-Feb-67 327.2 994
0-02-06 11 BAB2 20-Mar-67 372.67 948
0-02-06 11 BAB2 23-Mar-67 376.55 944
0-02-06 11 BAB2 21-Apr-67 368.77 952
0-02-06 11 BAB2 23-May-67 374.9 946
0-02-06 11 BAB2 23-Jun-67 380.07 941
0-02-06 11 BAB2 25-Jul-67 377.59 943
0-02-06 11 BAB2 28-Aug-67 . 379.8 941
0-02-06 11 BAB2 26-Sep-67 369.12 952
0-02-06 11 BAB2 25-0ct-67 332.62 988
0-02-06 11 BAB2 27-Nov-67 311.63 1009
0-02-06 11 BAB2 26-0ec-67 281.3 1040
0-02-06 11 BAB2 26-Jan-68 282.05 1039
0-02-06 11 BAB2 26-Mar-68 305.55 1015
0-02-06 11 BAB2 25-Apr-68 330.54 990
0-02-06 11 BAB2 28-May-68 355.28 966
0-02-06 11 BAB2 28-Jun-68 377.45 944
0-02-06 11 BAB2 26-Jul-68 385.5 936
0-02-06 11 BAB2 26-Aug-68 384.45 937
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GWSI
Water Level Information

T2S, R6E, Sections 9-11, 14-16, 21-23, and 26-28

Local 10 Water Level Date Water Level Depth Water Level Elevation
0-02-06 11 BAB2 25-Sep-68 377.5 944

0-02-06 11 BAB2 25-0ct-68 331 990

0-02-06 11 BAB2 27-Nov-68 292.98 1028
0-02-06 11 BAB2 26-0ec-68 282.9 1038
0-02-06 11 BAB2 29-Jan-69 264.65 1056

0-02-06 11 BAB2 26-Feb-69 281.08 1040

0-02-06 11 BAB2 25-Mar-69 337.45 984
0-02-06 11 BAB2 28-Apr-69 365.08 956

0-02-06 11 BAB2 26-May-69 369.9 951

0-02-06 11 BAB2 26-Jun-69 375.95 945

0-02-06 11 BAB2 25-Jul-69 370.92 950

0-02-06 11BAB2 26-Aug-69 381.25 940

0-02-06 11 BAB2 26-Sep-69 363.52 957

0-02-06 11 BAB2 24-0ct-69 345.99 975

0-02-06 11 BAB2 26-Nov-69 298.4 1023

0-02-06 11 BAB2 24-0ec-69 299.86 1021

0-02-06 11 BAB2 26-Jan-70 298.9 1022

0-02-06 11 BAB2 25-Feb-70 337.7 983

0-02-06 11 BAB2 27-Mar-70 349.2 972

0-02-06 11 BAB2 24-Apr-70 367.88 953

0-02-06 11 BAB2 22-May-70 381.3 940

0-02-06 11 BAB2 23-Jun-70 384.13 937

0-02-06 11 BAB2 22-Jul-70 389.05 932

0-02-06 11 BAB2 25-Aug-70 389.25 932

0-02-06 11 BAB2 25-Sep-70 361.35 960

0-02-06 11 BAB2 26-0ct-70 331 990

0-02-06 11 BAB2 23-Nov-70 306.9 1014

0-02-06 11 BAB2 21-0ec-70 302.49 1019

0-02-06 11 BAB2 22-Jan-71 308.4 1013

0-02-06 11 BAB2 23-Feb-71 331.15 990

0-02-06 11 BAB2 23-Mar-71 363.1 958

0-02-06 11 BAB2 23-Apr-71 365.47 956

0-02-06 11 BAB2 24-May-71 380.43 941

0-02-06 11 BAB2 29-Jun-71 389.21 932

0-02-06 11 BAB2 26-Jul-71 385.9 935

0-02-06 11 BAB2 03-Sep-71 390 931

0-02-06 11 BAB2 29-Sep-71 350.05 971

0-02-0611 BAB2 15-0ct-71 330.9 990

0-02-06 11 BAB2 16-Nov-71 319.3 1002

0-02-06 11 BAB2 23-0ec-71 308.4 1013

0-02-06 11 BAB2 20-Jan-72 312.5 1009

0-02-06 11 BAB2 16-Feb-72 326.1 995

0-02-06 11 BAB2 15-Mar-72 363.8 957

0-02-06 11 BAB2 17-Apr-72 362.4 959

0-02-06 11 BAB2 15-May-72 374 947

0-02-06 11 BAB2 12-Jun-72 373 948

0-02-06 11 BAB2 13-Jul-72 377.7 943

0-02-06 11 BAB2 18-Aug-72 374.3 947

0-02-06 11 BAB2 20-Sep-72 361.8 959

0-02-06 11 BAB2 30-0ct-72 335.6 985

0-02-06 11 BAB2 17-Nov-72 309.5 1012

0-02-06 11 BAB2 23-Jan-73 285.2 1036

Page 2

GWSI
Water Level Information

T2S, R6E, Sections 9-11, 14-16, 21-23, and 26-28

. Local 10 Water Level Date Water Level Depth Water Level Elevation
0-02-06 11 BAB2 27-Feb-73 290.6 1030
0-02-06 11 BAB2 20-Mar-73 268.3 1053
0-02-06 11 BAB2 20-Apr-73 309.1 1012
0-02-06 11 BAB2 14-May-73 322.5 999
0-02-06 11 BAB2 21-Jun-73 344.7 976
0-02-06 11 BAB2 18-Jul-73 360.8 960
0-02-06 11 BAB2 21-Aug-73 371.7 949
0-02-06 11 BAB2 19-5ep-73 404.9 916
0-02-06 11 BAB2 23-0ct-73 340 981
0-02-06 11 BAB2 20-Nov-73 317.4 1004
0-02-06 11 BAB2 15-0ec-73 306 1015
0-02-06 11 BAB2 17-Jan-74 284.9 1036
0-02-06 11 BAB2 23-0ec-74 305.3 1016
0-02-06 11 BAB2 07-Jan-76 332.2 989
0-02-06 11 BAB2 29-0ec-76 308.2 1013
0-02-06 11 BAB2 27-0ec-77 297.2 1024
0-02-06 11 BAB2 26-Jan-78 278.3 1043
0-02-06 11 BAB2 24-Jan-79 260.4 1061
0-02-06 11 BAB2 - 23-Jan-80 265.4 1056
0-02-06 11 BAB2 25-Jan-81 287.1 1034
0-02-06 11 BAB2 13-Jan-82 242.2 1079
0-02-06 11 BAB2 05-0ec-84 214.7 1106
0-02-06 11 BCC2 02-0ec-82 277 1041
0-02-06 11 BCC2 20-Nov-84 274.6 1043
0-02-06 11 BCC2 14-Jun-89 409.1 909
0-02-06 11 BCC2 18-0ec-89 280.1 1038
0-02-06 11 BCC2 13-Nov-91 262.9 1055
0-02-06 11 BCC2 15-Aug-94 338.1 980
0-02-06 11 BCC2 11-0ec-97 200.7 1117
0-02-06 11 OA01 07-Nov-91 258.6 1073
0-02-06 11 OA01 08-Jan-98 222 1110
0-02-06 11 OA02 07-Nov-91 260.3 1072
0-02-06 11 OA02 08-Jan-98 226.4 1106
0-02-06 11 DOD 13-Jan-72 323.5 1010
0-02-06 11 DOD 07-Jan-76 356.5 977
0-02-06 11 DOD 29-Nov-82 293.9 1039
0-02-06 11 DOD 05-0ec-84 277.2 1056
0-02-06 11 DOD 05-Apr-88 344.2 989
0-02-06 11 DOD 29-Nov-88 260.6 1072
0-02-06 11 DOD 08-Jun-95 322 1011
0-02-06 14A001 01-Jan-27 80 1256
0-02-06 140M 01-Nov-39 118.82 1218
0-02-06 1400A 01-Feb-64 295 1040
0-02-06 1400A 01-0ec-82 308.8 1026
0-02-06 1400A 05-0ec-84 283.3 1052
0-02-06 15B001 18-0ec-97 156.9 1155
0-02-06 15B002 12-0ec-97 156.1 1156
0-02-06 16AAA 16-0ct-39 101.73 1202
0-02-06 16AAA 02-Nov-39 101.03 1203
0-02-06 16AAA 20-0ec-39 100.07 1204
0-02-06 16ACC 16-0ct-39 96.1 1202
0-02-06 16ACC 02-Nov-39 95.93 1202
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GWSI
Water Level Information

T2S, R6E, Sections 9-11, 14-16, 21-23, and 26-28

Local 10 Water Level Oate Water Level Oepth Water !_evel Elevation
0-02-06 16ACC 21-0ec-39 96 1202
0-02-06 16ACC 15-Jan-40 95.86 1202
0-02-06 16ACC 22-Feb-40 95.94 1202
0-02-06 16ACC 03-Apr-40 97.53 1200
0-02-06 160M 16-0ct-39 100.5 1206
0-02-06 160M 02-Nov-39 100.5 1206
0-02-06 160M 21-0ec-39 100.75 1205
0-02-06 160M 25-Mar-76
0-02-06 160AB 02-0ec-82 201.3 1101
0-02-06 160AB 16-Jun-89 475.6 826
0-02-06 160AB 06-0ec-89 217.8 1084
0-02-06 160AB 18-0ec-89 174 1128
0-02-06 160AB 03-Jan-91 168.1 1134
0-02-06 160AB 13-Nov-91 173.3 1129
0-02-06 160AB 17-Nov-92 161.2 1141
0-02-06 160AB 30-Nov-93 149.86 1152
0-02-06 160AB 17-Nov-94 146.8 1155
0-02-06 160AB 13-Nov-95 141.3 1161
0-02-06 160AB 26-Nov-96 139.9 1162
0-02-06 160AB 15-0ec-97 126.4 1176
0-02-06 160AB 17-Nov-98 127.3 1175
0-02-06 160AB 02-Nov-99 '
0-02-06 21 CM1 01-Jan-51 124 1172
0-02-06 21 CM1 02-0ec-82 209.1 1087
0-02-06 21 CM1 15-0ec-97 92.3 1204
0-02-06 21 CM2 05-0ec-89 251.3 1045
0-02-06 21 CM2 03-Jan-91 238.4 1058
0-02-06 21 CM2 08-Nov-91 254 1042
0-02-06 21 CM2 16-Nov-92 227.4 1069
0-02-06 21 CM2 19-Nov-93 212.1 1084
0-02-06 21 CM2 11-Nov-94 228 1068
0-02-06 21 CM2 13-Nov-95 224.6 1071
0-02-06 21 CM2 26-Nov-96 218.2 1078
0-02-06 21 CM2 15-0ec-97 194.2 1102
0-02-06 21 CM2 17-Nov-98 193.6 1102
0-02-06 21 CM2 02-Nov-99 191.7 1104
0-02-06 21 OCA 06-Apr-71 190 1110
0-02-06 22BC01 20-0ct-53 249 1061
0-02-06 22BOO 01-Mar-71 384 929
0-02-06 22BOO 15-Nov-82 291.1 1022
0-02-06 22BOO 04-0ec-84 274.1 1039
0-02-06 22BOO 05-0ec-89 266.2 1047
0-02-06 22BOO 03-Jan-91 252.4 1061
0-02-06 22BOO 13-Nov-91 265.1 1048
0-02-06 22BOO 16-Nov-92 241.7 1071
0-02-06 22BOO 19-Nov-93 224.9 1088
0-02-06 22BOO 11-Nov-94 241.1 1072
0-02-06 22BOO 13-Nov-95 233.3 1080
0-02-06 22BOO 26-Nov-96 228.1 1085
0-02-06 22BOO 15-0ec-97 199.4 1114
0-02-06 22BOO 17-Nov-98 194.4 1119
0-02-06 22BOO 02-Nov-99 191.6 1121
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GWSI
Water Level Information

T2S, R6E, Sections 9-11, 14-16, 21-23, and 26-28

Local 10 Water Level Oate Water Level Oepth Water Level Elevation
0-02-06 22COA2 02-0ec-82 . '254.5 1063
0-02-06 22COA2 04-0ec-84 227.1 1090
0-02-06 23000 09-Jan-98 284.7 1057
0-02-06 26COO 07-0ct-84 637.8 722
0-02-06 26COO 03-0ec-84 369.1 991
0-02-06 26COO 14-Nov-91 227.2 1133
0-02-06 26COO 09-Jan-98 198.6 1161
0-02-06 26000 07-Jan-49 151.1 1221
0-02-06 26000 30-0ec-71 350.1 1022
0-02-06 26000 29-Jan-73 322.5 1050
0-02-06 26000 09-Jan-74 343 1029
0-02-06 26000 26-0ec-74 362 1010
0-02-06 26000 06-Jan-76 210 1162
0-02-06 26000 03-Jan-77 290.6 1081
0-02-06 26000 05-Jan-78 304.1 1068
0-02-06 26000 11-Jan-79 255.7 1116
0-02-06 26000 27-Jan-80 215.5 1157
0-02-06 26000 04-Feb-81 207.8 1164
0-02-06 26000 19-May-81 208.5 1164
0-02-06 26000 13-Jan-82 203.7 1168
0-02-06 26000 01-0ec-82 203.1 1169
0-02-06 26000 07-0ec-83 197.4 1175
0-02-06 26000 03-0ec-84 197.3 1175
0-02-0626000 27-Jun-85 197.9 1174
0-02-06 26000 13-0ec-85 196.2 1176
0-02-06 26000 27-May-86 194.1 1178
0-02-06 26000 01-0ec-86 193 1179
0-02-06 26000 04-Jun-87 193.5 1179
0-02-06 26000 14-0ec-87 192.5 1180
0-02-06 26000 10-Jun-88 192.7 1179
0-02-06 26000 12-0ec-88 191.7 1180
0-02-06 26000 05-0ec-89 190.3 1182
0-02-06 26000 03-Jan-91 186.5 1186
0-02-06 26000 14-Nov-91 187.6 1184
0-02-06 26000 17-Nov-92 185.2 1187
0-02-06 26000 19-Nov-93 182.6 1189
0-02-06 26000 01-0ec-94 180 1192
0-02-06 26000 13-Nov-95 178.7 1193
0-02-06 26000 26-Nov-96 174.7 1197
0-02-06 26000 15-0ec-97 171.1 1201
0-02-06 26000 17-Nov-98 170.8 1201
0-02-06 26000 01-Nov-99 168 1204
0-02-0627C001 10-0ct-39 93.6 1231
0-02-06 27C001 18-0ec-39 88.5 1237

0-02-06 27C001 23-Apr-43 108.83 1216
0~02-06 27C001 03-0ec-48 137.7 1187
0-02-06 27C001 08-Feb-85 155.6 1169

0-02-06 27C001 14-Nov-91 148.6 1176

0-02-06 27C001 09-Jan-98 129.5 1196

0-02-06 27C002 08-Feb-85 269.6 1055

0-02-06 27C002 14-Nov-91 257.5 1068

0-02-06 27COD2 09-Jan-98 165 1160
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GWSI
Water Level Information

T2S, R6E, Sections 9-11, 14-16, 21-23, and 26-28

Local 10 Water Level Date Water Level Depth Water Level Elevation
0-02-06 27C003 06-Jan-76 349.2 976
0-02-06 28AAA1 01-Feb-53 133 1177
0-02-06 28AAA1 18-Feb-55 132.84 1177
0-02-06 28AAA1 09-Jan-59 130.63 1179
0-02-06 28AAA1 17-Feb-60 129.81 1180
0-02-06 28AAA1 22-Jan-63 128.15 1182
0-02-06 28AAA1 09-Jan-64 245.72 1064
0-02~06 28AAA1 09-Feb-65 232.95 1077
0-02-06 28AAA2 18-Jan-67 323.2 986
0-02-06 28AAA2 09~Feb-70 329.3 980
0-02-06 28AAA2 22-Jan-71 316.9 992
0-02-06 28AAA2 30-0ec-71 203.7 1105
0-02-06 28AAA2 29-Jan-73 180.6 1128
0-02-0628AAA2 09-Jan-74 173 1136
0-02-06 28AAA2 06-Jan-76 243.6 1065
0-02-06 28AAA2 30-Jan-77 229.4 1080
0-02-06 28AAA2 20-Feb-85 182.7 1126
0-02-06 28AAA2 14-Nov-91 160.1 1149
0-02-06 28AAA2 12-0ec-97 115.7 1193
0-02-0628A001 13-0ec-63 241.1 1064
0-02-06 28A002 13-Nov-91 420.6 884
0-02-06 28A002 15-Aug-94 321.8 983
0-02-06 28A002 12-0ec-97 281.7 1023
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from 'io from'-- to. _

Nu....... cot< par foot-l: per 12 inches

REPORT OF WELL DRILLER

SE V-

lA.d D.p_"-.t
&rov.d W.t., Oi"Wo.
Stat. 01 ;"ito...

ill. from'-__ft. to It.

It; from'- ft. too- ft,; from -Jft. to"- ft.

Rge 6 E Sec: 9

. It..·"" 785

__--tine. ffCtII..... It. to'----_ft:

3. Driller.r-.-;.? ~-------- ~:_;_;_-----'-----
H_ Add ..

Legal SubdiTision,-_...S!:_~ 51-: V-
10 .en ... l>crlTislo.

4: LocctioA of Well: Twp 2 S

.~ .... ~.. a..., AA>i ih..... AppJ.. 5-164 (D-2-6)9dcc ~-:-J'ermit II - s:.155

. REPORT OF WEL.L DRILLE~CRITICAL AREA
"port '" W" 0riII0<I1a~ Ante " _ulred to t.. _d. Ind lileel wItlo til. St.to Land eo..............., upo. compl.no••1flo. conriructlon 01 wei. ...a
,..,...at to s.ctIoo 10. CI.ophr r, H-. till No.2, S,h....... Lotio/.iu.., Sizlh S".eiol Soulo•• ".... •

12. P.rforated from 250
.S'

H. If sc.... was illStolled: ungtilL-. ft. Diamehlr.'___--Jill. Typ@'-- _

11. Motltod of sealing at reduction points:a..- _

13. Sin of cuts,,-__5:::.L,./B:...;x;;...;;:6;..-..=I.,:./.=Z'-- --IHum&er of cuts perfoot lOper 12 inch e s

DESCRIPTION OF WELl.

It is:--~,--~~-..,--_yards'"----_::_-----fromtile nearest irrigation well.
II Ie.. tioo. ~ ..u. cl"U'8dlo.

r P f IRRrGA.TION". urpose 0 use_--=:=~~= _

6. Place of lISe: Twp---R9L.:-.-.-Seeticm(s), -------:---:~-,------Acre"s... _
lA9I1 Sul>djyi.lon

7. If w.1I is part of Irrigation District, Association, or Company, omit 6 and giTe name of p~ject;... _

ROOSEVELT 'WATER CO:lSER,VmON msrRICT LANDS

8. .Total depth of hole.'_~B.::.O~O ___:ft. 9. Type of COsing_H..-..a...r-"'d~r'_'e...,d"__"'s""te=.:e"-'1'_ _

t. On.r. ROOSEVELT lolATERu.~~1jSERVATImr DISTRICT --------lRi1.l·~~715ey:c..,~AnIJ ...;;:'>;;"t;oiIlnil.i'....__~__
........ Add....

10. Dia_fer alld length of :asing' 20 &! fl'll"',-O,,-__It. to 800 ft; __---lill. fram...__-,ft. to' ft;

2. l.assN or Operafor.:..-__'":7'" -;-;-;- _

No_ Add,...

15. Method of drillitsg Drilled California TYl1c Cable Tool
cfrllod. ..... drIwo.. "-'I, oIc.

17. Depth to water._~1""'6""'O'_;:;:_;;__:__;-_:_:__;__--ft.
IIf flowing ....a, 10 riot.)

16. Dahl completed April 16, 1953.
MootI. "'_

18. Desc:rib. points frocn riidl depth meosurements we.. IlIGde'----JG~rLln:1.J!l.Iln.IJ.d....S:I.JJI.l:Irl:;ft.Cauc:.te:..... _

k,.,_-in. 1'0"''--_-''0 _

DESCRIPTION OF WEU

!.AND DEP....RnoIENT
WATER DIVISION

STATE OF AR140NA

1'1,..) '.',2. Lessee or Operator.:..- :-:- ----~;O:"7JTI'--------

No_ ' •.,

Addrou .,

3. Driller. RosCoe Moss Company (Dr:1JJer J E. Cunningham)
No_

4360 Worth Street., Los Angeles, Cal1forni~a:.J,'- _

. Adclreu Mar1c~pa, Co~ty, Arizona,
~. location of well: Twp 2 South Itge 6 East Section.-9.-.- -Sl;::%~JA~~

10..,," aubdiwislon

S. Tot.' d.j,tl, 01 LoIe 762 A.

" Typo 01 Clsl., Hard Red. Steel

7. DUom....·aad Iu9ih '"cosi~.. fro.. Q to 762 ---:Ja.w-
.. MotI>od 0I ...1i"9 at r.d~ poiats....._N.Il.Qo!Jjt,...:Re~duu.ue;o]e;tld4. _...:.... --:- >. _

,••.,f";'-r m... 140 to?48 from to

'0. $"_ 01 cot< 1/2' X ltt
None.II. II ..,.... we' ladalleel: lAagilo... ft. Diom...__--'i..... Typo'- _

12. M.tlood 01 coadnIdiM Drilled California Type Cabl e TooJ •
) drillocl. d",. tlmo.. I>otod, i.ttod.....

13. Doh COIIIpImd March 25', 1948
, M_o~ .•._....!.!."!__ .

'4. Dtopf/o ~ .ato. 130 ft.
II flowi"9 ..II, 10 at.to.

Ground Surface,15. DtoocriLo poiat m... ..icIo doptlo _ ......... _do. .... ,how"""" ........ If ....iIoblo...,..;:::..::;.==-=-==-=:.=.:"-=-"-- _

I
I
I
I
I
I
I
I
I
I
I

DO NOT wmn: IN THIS SPACE
OFFICE RECORD

locoIntl fa· 5- 5:3. bye..,
---' ~.~- :f~
.-..-----:~=--=--.s2..--bhy.-..:..e.,..v:::z;=-----

FiIoNo (D-:::l-,) =r de<=.
e.-.nr acod (N.~) "y.- _
e.-.nlor (Ioal.) "Y"--- _
e-...lotoacod hy

~~.~<,e..... _
$plicant Secretary

. Higley 1zo~

-.-._-'-- (Post Of~fi:-ce-A-d-dre-ss-)-------

'-----------------------_..:.....:.....:Se5ea.leYel eleyation'-_.::1:::::2~9:::2c!.•..2.5~--_
(II l.ailabl.1

Fee of $3.QO must be paid with filing of :Ipplication... - . .. . . .

19. Metflod of floy regulation .if Rowing wel...1 - -'- _

REPORT OF PUMP INSTALUTIOH AND TEST

20. Tested nil c:apac:ity -::-.--=2~5"'!_3:.=1:...---~Metllocl of IlleGSUrement... -:--:':".1lW~e...l.:!J.:r _
,0I1oaa par lIIboorto ••Ir, orifIco. _I." .tc.

21. Depta inlllltdiately prior to c:apaclty test, from land surface to static wafer 1eYe....1 1=::.6:;::2=-.. ft•

22. NOII-fJawiag .welI: Drawdcnm 162 ft. lDeasured aftet."-----;--:-:--:-:-:-"hf.LBl...._hourr of continuous operation,
a'ti~ PUIJIP is still operatiag. (at'-'4)

• ',-:- ·IL;"'·
23. FIowillg"lreU: S&ut·ia pmsu..l- ft. above tIM land surface, Ol:-_-IP'Junds per square inch at the land surface., .....

~cr.". _

..ere..........1""";:../)'--__

DO NOT WlITE IN THIS SMCE

OFFICE RECORD

"'att .i 7-9-49 byld
fI/o<I 7-12-L9 by Id

ReNo (D-2-6)9 add

e.-'.'."uod (N_I _ by

e.-.Ior, cld (losl.1 _. by

e.- rofotoa...... by

DISCH~GE DATANot Tested.

T..,'-- ·R"9,., $+dioo'--_--

Z5. Honot-tNflat '"~2'D'~~
lSooOtWSWoI

17. W.ad~ --------~:__-;__-_;:_----=::--;:':::;:=- _
gal PO' mi.. or _ ft. par _ or __'I illChoa.

I" Motlood 01 diacJo..,. _ ..._ftf' -i"6~tLlll,,"'42__:___=--_:_-:----:~__------------
weir. omaca. cum" ...hr••tc.

ft.

,'. JJI.c.- ~
20, hrpooo 01_ ~d"=Y'?

21 .._-- J .. ,-~~;e....'_.ltRoo9l--1~,"--_""_~ ,...- .. -: •.., A y ...

Is.. %21
n. hrpoao of ..-- -:- _

I

I
I

I

I

I

I
I



I
I
I

'-I

LAND DEPARTMENT
WATER DIVISION

STATE: OF ARIZONA

REPORT OF WELL DRltLER
a.pcxt' of Wei Driller Is ,*!ulrM to ... _d. 'N r.J.d ""'" tit. St Lo"" Co"""iulollO'" .....ui,..., by SoctiOft 7. ClI.pi., 12, Sonol. 8il1 No. 3, So......
teomh letlJl.two, fint Sp.cloI SoIIiM, 1'H5. A ......... ropcxt 11 ... lIl.d. for ..do ..II ."d liIod wilhi. 30 d.ys .ft.r compl.tion of the w.n.

1. OwMr· -..J:JJl.:lio.:!l:..:se:..l'V:.-I.R~e:.:r..J!m~a...n.l._ ~~---.------- _
N....

.• - I
iliig1ey" . ! ri70nA

LAND OEFARTMENT
WATER DIVISION

STATE OF' ARIZONA

REPORT OF WELL DRU.T.ER

This report should be prepared by t.iIe driller in all detail and filed with the State Land Commissioner

- following completion of the well.

N........r arts ""r f" ....'-- _

to from--.---fo, from'-_--'_to _

0.:

ft.

DESCRIPTION OF WELL

.' .
6: Total deptll of hollc.e --=S"'9""S"-- ft.

& DRTI:J:ER

17. Deaaibe point froID wblch depth lDealunmenu were made, and &in aea·levd dention if avaUable..-....oo_... _
Ground. 1 ev e1

18...11 fJowinc wel;J, .~te lDethod o!.pow. ~(Il1ationL.--..,.....,NLIoOI._------- __-_--oo--_--_-._.-_.

2. Leaaee or Openw,--------------:.v_=-----------··--------

4. Location at well: Twp 2 Sont-bRp 6 Fast &etiOlLn_-...lJ..\oQ,__

D. l!cthod of Maline .t redlletlon poiniU..L..,.. -:- -,- • ••••__....._ •••••_•••---

'....

Ii. Intention to Drill FOe No..--Il.(.2"...c;6l.,j)l-JlI,.IO.J-;aaccdC1- .1'Permit Noo. ._._

1& Method of eoDStnlctio"L.- .t::D~r~1:=1~1:.::e:.::d~__:_=~:::::-:::=:_-.:::=_<:::::::-:*UIooI, ..... *1__JouooI• .u..------..--oo..oo-.----oo---
SeP 28.1973u. Date IItuted ----";;....:,:IIo::-•...,tIa~...:..;:;;..:;..~Ilu-:-----;y:::_:::-
Oct 18.1973

16. Date eompletea.d ---..:..:;Ih=...~·..:.;.;..;..~Dt7;:::-O---y;:_=-

16. Depth of water....:..__-:::--=-"~. 200
u ISo_lac ..11. eo al&l&"

'1. Tn>e of eu~ 8/1 2.50 Yell "1 i 0t to 5Jj6 t Caslng---1. .__..__.__.__

8. Diameter and leneth of cuinc.2.5.Qin. fro-..!L-to--.5flP----in. 1'rom Io.••__~ In. from to _
• I •

10. Perforated frola:m'-__.~too___...., fl'Olll'-__..tA... :.fro'lIImL.----"to'--.~from. ...to._~._._. __

12. 11 lIeZ'KD wu Iutal1ed: La>ct",lo ~ft. Dia'mll"-__-'I....n Type..:.--..--.-----_.--_._--...-.--..-.
11. Size of evt:a.'....:.. Nnmher of 'enu per fooL- '--_._._._.__._..__

-------~----,---.-_.,..~~u;::::-__:_---.---.-.--._.---­T.·····..·~
ill ~ B. Drilling-PO .. BOX· .. 828 QUEeN CREEK ,AZ . 85._24_2,;.. _......

RONALD J . LINES1. OWNE:ER:...- .-,;;=~_.;:::::=;;;;..;--------------- ..---.-.PO BOX 172:. liIGLEY 1,Z
------------------.-.........u::::.

)

)

Eo Tot.I ..."", of We SOD It.

6. Typu'_" Stove-pipe casing

7. DloIMhr ..d Ioagth of ~sl.g .p.O '., from to

.. Metlood of -tiav at rodtlClioe po/d'--' .. _

,. Parloroted from 5S0 ... gr.l8 ~' "-

10. Size of em it'! 7. 4~"

I" MetflocI of or....,. __' -,...---,,,- ..,.....-.,. _
••ir, oriflCll, curn.f "'.1', .tc.

17. W..d.....,... -:-_.,..-_~---_:__:_:_:_-------------_

,at. ""r ...... or .... ft. /N' lOCo 01' ........, It'.....

12. M.tIoocIof .......ctiM'-_...D....r...1..J......J ...e....d:"- --:-=-7""':__""':"::-7""'~':_:_:~_:_-------------
cIriIIM, dPg. driYa., borocf. ioHod. ete.

13. om COfItpleted'--_~(A~".pt:.r==1:=1'--_---'1:::.9=4.:=S'__~,..;.'. , _
•.MOIItIo y_

1"- Do..... to ......'---,,-loloLl!SoJ;·Suc. ......;It.
If fIowiag ..n. 10 ...

II. o-u...poW.... wIdcIt do -.o...h cl...Id gin MH.", .....lion If • '.iIa","'.. T.lJOUp~,J.,ou.f..;·:.Lc...a:.;s::L1J-nl.L{,;g,..j_· _
~ ;' J

j

DISCHARGE DATA

1'- Ifflowio, .......... -""'" of ...Nt..Hoa'-- oo _

It. Dr.""""

3. Driller~ ..:JL._...JC..........l..C,J,l...lj.~ti::..lk~ _:::-------------- _
N....

P 0 ~ny 736 Mesa, ·6rizor..l:al.- _
Address

4. Location of veil: Twp ~ S Rge ("," Section-..f- --.a.:::.JA .':"',;. lA-'-'_:_*
One mile 'West Ie thre'e miles south or lG-.cre ....bdiwuion

DESCRIPTION OF WELL :igley, }r1!'ona

2. Lessee or Operator.:-..- ---:-:-- . _
N....

II. If __ .os tast.lIod: l.oll9fh'-_---'ft. Diom'--__...l'., Ty... . _

Add....

20. Purpooo of ...,...__...:- Tt.;rt:.rz::1J..gg;.saL.It;..JiuoJJTl:l- .. _

. 21. PI-. of _: Twp ......"'lIA_---...SectiolI..,.,:-..--- -:_-;-~;:"":"::__-----Jl"cN ... _
(s.. 22J 1.ogol ...bcIiYisi....

22. p-p-of ••• ,-- , -.,;. _

,..

I
I
I
I
I
I

I
I

I
I
I

No.. of Project

Is.. Oth.r S"td.J

---Twp1'o --"~g.----,.,.Se..ctio:n:....'----------":'••_:'_:""'::"":'7""'----.....£'lClCl:rl...... _t:..,oI....bcIMJlOIl

22. If ... Is part of IrrlgatioII .,.... of Irrigetloe DIstrict, AAodotio•._ •Comp..,. ocaIt 2.1 o..d gin .._ of project.
DO NOT WRITE IN THIS SPACE

OFFICE RECORD

19. REllAlUCS:..· . _

---------_.-..•._-_...-...-._------
(We1I Loc to Appear 01/ Reverse Side).. .........

av.~·n· ..

•• ," 1._ .'

DO NOT WlJTE IN THIS SPACS

OFFICE RECORD

Rocoi-' 4-19-49 J,y,..:l:.:;.d.__
Fil.d c;..;7-119 hy._llo'od4.-__

MIa 1\10 (D-<2-6)9 dda
~--et (N_J "y'- I
e..,.;..r--et lSoIi-J by, _

c:.o...m-acoL.. hy'- I

24. Iaod 01 ......'-:_-.,;.•..;.. ...:-00
,..:..-,...-.;.;.,--:--,--,- _

oledrIc, lllfurol gos, .tc.

............

25. Hono,.... N!Iotg of 1IlOfot.'-- _

EQUIPMeIT DATA

2.1. ICiecI of poP""P..,.------:.,..--~--:---:--..,....--­
--. coairiEugol. etc. .

I
I

I

I
I



I ..

e
l
7

LOG.Oli' WELL

l"llOW TO
DUCltlrTlON OP' ..OA.....TICN ......n:JU...LI neTI (nu)

~

0 18 Silt - iJ "1,-
18 60 Sand & Gravel 1 \
60 240 Silty clay & sand streaks .3

240 245 QUick sand,~ :first water '/
245 290 Silty sand I

>
290 295 Gravel J \

..-/

295 .450 Silty sand &'clay streaks Z- i I7

450 459 Cemented sand 'L I Ij

459 485 Clay - ! I:> . -
485 :530 C1.ay with cemented sand streaks ;, I I
530 555 C1.ay with cemented sand streaks 31'S I

,,-

555 595 C1.ay 3 I II

595 . 602 Sand & gravel I 1 /
I

602 605 C1.ay .3
I .J!
I

-./

·1 -
:

. ..

..
..

..

-

Chand1.er AzA'W-65224'

2-73 Date 24 J"1~.25 .

Indieat.l depth at which water wu fint eacouutend, and the depth and thiclcness of water beatinl' bed.. I! ,.,.ter i.
:sian, indicate depth at which encountered, and depth to which it rose in well.

I MnbT~ tIsat th1a well wu driJ1ed by me (or UDder 1D7 IlI])Cnbion). and that eaeh and all of the atatements
1lenfa~ an tnM 'Cll die 1Ieat of J117 lmowleclce and belie!. -

Drlller~,__.
N....

FL MOORE DRILLING co
814 East Oakland

l"llO" TO
OCSCIllrTlON 0" P'O......T10N W...n:J1IAL(neT) ( ..En)

n ~ ,~~_ ~~4' I I.
I, r;o ~andV' c~av ~.
Ic;o r;~ r- ::;"'T'ln T."~~F! nT' ~, ,,'r I :3

I.r: , .,r: ~"'_M'r ~,~,. , ~,..a_~ \., _.. ~~ ." "3 I
J

,?~ ,t;'t;' ~",,..,n •. ",..,,"'.., +....",... "T' f" ""r / !
....... J,r'~ it:r: ~~ ... ~.,......., ....'r 5:--- / 1165 22~ Sand I ('

221 226 Sand"" cla'r :, ~ .~
.l

226 260 Sand ~ gravel cmented layers Z. ...~ 1
v \

260 272 Gravel cemented 1.a.'rers .~J
(
~

272 343 Sandy clay cmented ~."......~. \
,../ I_.-:::-

3h3 '- b'll • Sc:::..nd.y C).::7"" ~=lV~~ Cli!C71t6-':1. 2':'~"'ep'S 3> ~ 1
I

441 452 Bandv clav 3 \ 1 //~
I I,,~? I.~n . co. ., '" ., - -~ ..._~~~ ~~ -1-:- /1

469 430 Sandy clay 3 13
480 1

502 ! ISand trace of c1l\,r

.1
i

~"., /:"1 co, .. .,. _. . :> I

w w 1
"'01, I.n'7 ....."......, Z. ,J

? .-
607 62h Sand ~~ '!'ravel , t

624 ~65 Sand trnce ot: cl?.~r I )
665 677 Clay .!: sand layers '2- "I

I

677 694 c' "v,·"; t:h ",,"<IV"" z.. ( 2-

694 710 Sand 1:: aravel J I
7'1"1 7"A (0 . ,- .,. - '> r. -w I :s728 7hO r",,"v +.,.",.'" "f' '""",."', 3 I
740 785 :red clav 3 J
785 830 Sand gravel ~ clay 2.- Z.

8,0 B;~ ~,...,rhr ~, ."r 3- j

835 860 3·
;

Clav trace of aravel !

860 A71. ·.......~"'4 ,--1'!'i""
'<. { .3-'

f\71. RRn. ". .;. ., . ., 2- i- -..
~~80·_· .... -- ·90V -- .. Sa..>'ld:r cla;-~ i1"!rr~ _: .::.le :3

..

LOG OP WELL

Indieat.l depth at which water 'lI'Q first encountered, and the depth and thicJclf:S3 otwater beatinr beds. I! water is a.rt~

:sian, indic.ate depth at which encountered, and depth to which it rose in well.
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ZipCity ( Slate
Date 11./"3/9 ~

Street

From To Description of formation material
(feet) (feet)

Q Co SANDV 70p 'SOIL ';
(,.. ~7 c::: L. A J {

SA "./f")V -7L ?lV
~

"87 170 r ;;>

170 Z,"o C C-A .../ lU/ L 1..... /.--n."" {();:::- ~ 0 ~ v ~-,y V2c:JcJ::::. G0-
t E

-...

,

I hereby certify that this well was drilled by me (or under my supervision), and that each and all statements
herein contained are true to the best of my knowledge and belief.

DrUler Name: M. A "ftC 13 t:.A fA!.

:Box;. <l1>S K

LOG OF WELL (p_ z...-c:)1/b~
Indica~e depu: at ;'hi,ch water was firs,t encountered, and the depth and thickness of water bearing beds, If
water IS artesIan, mdicate depth at WhICh encounterd, and depth to which it rose in well,

.1

~ I
I \3

'? I

Z-
"~7

;.
';7

?

·'Y.' ..,
;/

"$

;J

~
'.
•'?

,!
;;.

.,
-,

,., I., !
,., I;>

) i
.--J

DauJ::::. ?(f - 1ft ('

DDCltIP'TICH 0 .. P'CRWA.nOH WATDUAL

LOG OF WELL

PROW
l ..aT)

I hereby c:ertlfy that I have read the foregoing statements, and that each and all of the Items therein contained are
true to the best of my knowledge·and bel1ef. :---;

'I> 0:", ......,.- &o (.,t·k / ..L;v1-< L'r'77
; 4:l:!:'!!!1'" Op,n,or or DrtUu

Indicate depth at which water was first encountered, and the depth and thlc:kD.e::.s of water bearing beds. If water is art
sian, 1ndlcate depth at w!lIcb encountered, and depth to whIc:!l It rose in well
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/7 -.3 t.
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/ ~0
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/t, i, ~::'-:~.§ .... ,C/~? ...:-..~ =~'c..{e.'ll
, i;;-0 ':O-~.7 ~'>-;",--,:.?-f==~ :.~/,. '=4'... . '-.--.. __ '1:'
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LOG OF WELL

Ift<!icala <l.pt!, .t .hlcA ••tor ••• lint ._"•..G••ad tJ,. <l.ptlt .ad tIlie1Mu of ••to, 1.....:"9 Hd.. If ••tot is .""... illdiuh d.pth .t ..~lclo
.........te,..j••lId <l.pt!, to ~lclo it toM t•••n.

Zip

Address

CHAtnDLRR, ARIZONA

17140 E. M~WS RD.

City State

Date SmPTE~mER 10. 19Ro ·

Driller F.L. MOOnm DRILLING CO,
Name

.. : ~.~.. ~
, <

~ .. ~.' :.i

LOG OF I,ffiLL

l:-t

'0/ l"·
'. •••• '!.
~1,~. ","..

.!

From To
Description(feet) (feed of formation material

,
0 5 TOP SOIL I \

!

5 3° SIL'I'Y CI,A Y :3> I
10 '35 p-rave1 I I

~-I ;

15 pe CLAY "> I -
Po I AR GRAVF.1J . I I
~p I 1~5 CLAY -; \

1'35 .. 140' rBAVEL \ \ ; .
./1

140 I 1hO CLAY '3 ~
C.,

I ./

l~O I 1f;5 SAND, GRA \I1i!L Atm FIRST T;lATER t)
1h5

..
4P5 3.- -.CLAY AND .GRAVEL" STBillAKS :£

4~5 525i CL~Y 31
525 I 530 SAND I J

530 574 CLIY A~TD GRAVEL STREAKS 3/
574 577 SBlNTONITE 31 -z.. -
57?

. 5q5 CLAY >1-.. ."
..

JSRI) 'j°0 GRA1m!; Arm SAND I

c;on foo GRAY~L .. j J

. / ......

p.-An TO \·U. T7' ON pmIER TO TEST PU~1P. FH!AL ~rOOTnrp AI,m SET trp

WATF.R TA~!VS WAS ON AUr.UqT ?~. 10~Q.

.
\

.

I hereby certify that ·t! is .well was drilled by me (or under my supervision). and that
each and all of the statements herein contained are true to the best of my knowledge and
belief.

~Indicate depth at which ,~ater was first encountered. and the depth and thickness of Watel
be~rin~ beds. If water is artesian. indicate depth at which encountered, and depth tn

,,,hlCh lt rose in well. " ( /). /
D-~-<t1 (0 4,a (.,

'!' .~

.' .

(

436Q JiQrtb Street", Los Aneeles I Cali!
AddtoM

Cote March 5', 1948....."

...- y

" "-loy -*fy tIoot tIok -a w.. dri1Ie4loy .. (or _""or ., .......,woa}• ..., tIoot ..eIl "".:1 of tile .......... loeni. co...i.ocI .ro Ina. to tM
Mat of ....,boowlM.,. oM bollof. . .

DriIIo<: Roscoe l-:oss Company
N-.

\
'\

From To o.>etiptio. of f........tlo......hn;a.'
(f..t) (f..tl

0 11 Silt ':5 \

11 70 CIa., and caliche 3> ! ';I

70 145' Cemented clay and 2ravel 3.1
145' 15"7 Gravel 2" / I
15'7 170 Sandy clay :; I 7,..-

1'70 1q~ Clav and e:ravel 1" 'Z.-}
,o~ ?14 Rl'ln~v ,.1l'lV '3/_ 'L

s. 1 / /214 210 Caliche and e1av ) ,

230 304 Clay and gravel 2" Z. i

304 340 Sandy clay ;, \ " -
~40 41lj' ~,

!
ClaY and cl'l11che ~

4Ilj' 5'03 Sandy clay ? !

C;O~ 514 CIa., and In'avel to 1 11 -z...f 1
,
,

"'"
''U4 1)'26 Hard elav ';' !

c;'?~ c;4o Cl~v .. ",1"1 - ?II Z

c;4o c;''70
...

'R'::l'l"rl "t-1l'lV >

'\'70 606 S~1,.lrv ,.1l'lV ;,(
./
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HYDROGEOLOGIC CARD

ISJH! AS ON KASTn CIJUlj Pbydographlc
I . Province: ,B,ts/NI&#~ rz::-;;-,
~~~ IE1 F"l-na-

s
-.-- --.....;;;=:..:.:::=--~~~~::...---~~: ...~"""==:lCl.L...__

( )
.L;;-J _",,_u: -----------I-THr-""i_~.....JI Subo..i,,: 0

T t D (C) (I) ( :3 -,,------

~te" UpruatOl1. arraaa clwmal. dome,. l') (ll) (I) (L) :
" (t) flae:. h1.11e:op. Abu:......-.

(1') (8) (T) ---..
off.bor•• pedt-nt. b11lat4a. (11) (V)

turA". i::it1:.t-uaT flat . 270
----:.::c'='rI"'c"'.--- rT"'I
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LitholOI\I: L : J AqiiUU

O
·foraat1ou. 'Iroup ~

l
r::::;::,j=~t-=:J::---':--------- a-L-e Od.1..: Aquifer: eo •

t.e"sth of ~ - '-_ I ...1c........•
Ji d well ope.. to: ft! I~pth to --" It

tnserveh " r .... 0"£ I : ! ,S ~4 Sl =--=.: •c'Z'..necl: It --:;-....- ...-

PePth to :~:~=====--:r=r=~r~=::;------.....-----==~~:a:z:=:j:'~
cOUlOl1C1ctecl rock' ft L! ! : J
Depth e:o -------- . I IS Source of data· ..0
~;:1n:l: ft I ! ! !' ISo • ------.------=

U . 1. urea of clae.: "'0
..ecru!: [ i ] •_____________--! I tntUtrat10a
Coefficient 7o..J-7. ch&recterllt1cI: nO
!2!!!: ~. ap4/fe: : i a::r eoeU1c1eat
Cocffic1eae: ' n " ; \1~' Storese: [J~: - ../f 2 1 -------- Fe i :".

...... t:~: _____-Is1'8/£e:: RIBber of slololl1,,' CArde: _D
~ 7'

,...65"

I
I

I
I

I
I
I
I

I
I

I

I
I

I
I

I
I

I
I

- . .: .. :~" ....

.....
.'.

. ': ..



.~-

Oc.aca.PTJON 01' 'OIltMA.T:ON WA.TZklAL
TO

ereCT)

LOCi (Ht' WBLJ.~

G- L-{; )

c2
5:;

Ind.caLe dppLh aL which waLer w.u IinL encounLered, and Lh .. c1.."U...nd Lhickn""" ot water b«arin~~... It water ia art<­
"ian, indicaLe! d"pLh "I which ,,"counlC!nd, and del'U1 to which it rn"e in well.

I -

\ -----

I

1"3

l

J

1 i

)1

3

Fine sand streaks of gra.ve~ 1
Surface silt and. sand Z

Clay nth streaks of sand

Clav broken sandV' clay

Clay

Sandy Clay

Clav-Brown

Sandy Clay

Clay nth .streaks of sand and grave~;d

Cl.ay :5 I

.,

1280 -J.

1~O

1425

1:375

1500

~"O" TO I(raT) (!'UTI

0 100

100 :300

300 428

428 700

700 780

- ..------f------+----'------.-----:---------''---
I·

I-

I
I
I

I
I
1

I
1

I

I
I
I
I
I

I

I hereby certIly that I have read the foregoing statements, and that each and all of the lter.1I thereIn contained are
true to the best of my knowledge lUIIl belle!. -

Cameron & Clayton

18923

Date'

.,

/*



/b -e.
LOG OF WELL

D.fe'-- _

4~60 Worth 6t Ies Ange'es,CgljtQ~la.
'A.I.......

• - ••! •

l.dIc.ota <lolrila .t ,,;,1cIo w.t... w.. fInt .ace....,..,. 'N ll.e cI.ptft ••cl1IIlGbe.. eI w.... u.n.', l.edo. II w,te. It ut.II,.. lee/icota eI•.pill ,t wl,icO
.......10<..1. oocl eI.ptft ta w1skll It ro.. ill w.U, ._

I ...,.10., -nfy til.. tllla well W<lt tIrllI..t by _ (orllll<lor .., "'perrlslool..... IMt Ndo .ocI •• eI tfto ...t.-otaloorel. cool.'............. tile
I.eot .1 "" bewlecI,..... I.ellef,. _ - -. .

Drill.. Rosc'ae "HOSB Coml2soy
H.-

..

Fro.. To
D.scriptio. oIlo""otlo..... toNl(fHtl (I..tl

0- 4 Sandy 811 t ? 1,
~

i4' 18 Sandy clav i

18 ' 2, Sand nnd e:rRve1 I i
23 47 Sandy clay -S I

1
! !Y]47 'i, SRnd Rnn l:"T'Rvp.1 i
I I.-

S:;, 72 Coarse sand and atks of olAV I !

_72 83 Red c~ay 3 \
I

8,' 94 Sandy clav -"> I
I

107 1
ig4 Coarse sand and -oea rzravel I

107 llg C1echi'e in clav 3> I
119 ' 1,0 Coarse sand and some rzrave1 I , I
no' l~l Clav and stk~ nf clechie 3 I
l'il. 1~7 Sand and ll'ravel .;. I \
157 169 T1Rht coarse sand and olay -'; . - \
169 177 Clechle 1n clay :!>

177 182 Cemented e:ravel and atka of brown rock Z
208 j- ,Sand and e:ravel loose ~ water I £1182 -..-

'- 208 258 Sandy clay and stka cement 1n clechle '3 I
- ?"'~ - ?~~ Cl "'"v "nn ,., p;'"1 p .. TIn "1'.,, ,.,-/' ... 'S J

286 ~12 StickY clav 'lnd stka nt' It'ravel ---3· !
:312 322 Tlp.ht sand and clay "2--- ;

,22' 32q Brown clav and atks :J, i .-1,
,2Q -,32 Solid cemented p.:ral1el -z... . 7

, .I
~~2 .3TI Sandy silt :>
337 340 Solid cement ''3 ,

) ,i
~40 ,46 Sandy Sandv end l!ravel ~"

-'. ::s~46 .,1;4 Sandv clav ,

"'i'i4 ,62- G~a~el 1n clav tll!h1: 'C.-- ,

362 ~63 Loose _gravel 1" , ,,

367 Sandy clay '3 \363 ' - ,
367 379 Sandy clav 3-
,7Q 402 Clechie'in clav and atk8 of shale "3- ,

402 407 Sand and· -gravel 3/4 good water. I.

...

'"

Zip

wat:er
to

"\

Address

Jllne

City

. P.O. Box 1042 Cbandler, Az.

D.:lte·__~~--L.~--IL.;Ll~ _

Clay

LOG OF WELL (0 - ~- bJ Ih bcb
water was first encountere~, and the depth and thickness of
is artesian, indicate depth at which encountered, and depth

-,

be7 I 627 --

627 o4~ Sand & Gravel 1 \ --..,

\ :,L

b4'-)

"
65:' sticky red clay ~: ~ )

655 ! 67~ Coarse sand & p;ravel I ) )

.

_l

-.
From To

Description of formation material(feet) (feet)

G 27 Sandy to"Csoil I \
2'( 4~ Sand & Gravel I I I

)

i r4e 143 Sandy clay ;, s.
14, 295 Muddv sand & p:ravel (1st t·;ate]" loG' ) 7--' I
29S 340 .3 I I

--,Gravellv clay ,
"1

I 1
-·34U 4';}~ Sandy clay (thin p-ravel strat~'s) .3

495 5UO Red clay ;, I J
1

5uu 535 Gravelly clay "">;:, I I
535 555 St.icky red clay ::, j.J. -
:,~~ o(Jr ~J:q' Sand I ' J

,

Indicate depth at which
. bearing beds. If water
which it rose in well.

I
I-
I

I hereby certify that 1:' is well was drilled by me (or under my supervision), and thatI each and all of the statements herein contained are true to the bes:: of my knowledge and
belief. _.

- Dri ller I...e:..:,.:::o:.;,.o.........N'-1.r,o,"'...e....l _
::~ame

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



(.,

P. O. Box 19S1, Phoenix, Arho11&

(b -.::-- G )"'::-'i c.,-.....c(

LOG OF WELL

.f. ,.!.::- ." . .t (

.1ndJcate depth .t whlch water was tint encountered, and the depth and thickness a! water bearing~ It water i.:s artesiOIl,
lntUcate depth at whlch encountered, and depth to which it rose mwell.

I berebT certIf,. that I have read the tarea:o!ng statements, and that each and all of the items therein contained are true
to the best of %D)" knowled&e and be11d.: .\.' , + .:". ( 'w' ! • \ . -,. j. ! " .- _

Robilon & lluon Drillil1g COIl!Peny

::"ROW TO
DESCRIPTION OF P'ORWAnOH WATERIAl.(l'aT) (J'En)

1'\ ~I'\ "., ~ -..~- ""2-. I-'

ro 52 Smd and Clav "2- I ~
52 124 Olav 3- j
124 156 Water a:t 124 feet 1.t alLIld and Gravel I "\

"

156 210 ~mtl and r.raTel 1 l- I
210 265 ~ ... A I I

.268 Olav '3 ../ .:265
I

I..
'3 , -268 :179 Sand.., Cl&" I.- ..

I!t.,Cl .OJle ~_."" "'--'" '- I
SIlS ~,n ".......... "'.o. '3 . - [

I'.
2- i410 .•18 Sand stone

418 ~ C1&y "3- i
,ro ~6 2- !SaM stone i
~6 4rSO Cla':' ~ I

2-
,

'60 405 ~... " ~1;"..... ,

466 ...ClF: ......... "" _.~ '?

'95. .~ . 508 . ~and ~1:one z.... ! /).... ,
}608 F:,F: .., ...... ...

-625· 6~ ~la"" ~

5-'Z 660 Sand ~1:one 7-

650 652 Cla-v 3-
:. 552 F:AA . ·a..." ~+___ z:

560 ',\;. , ..510 Sand Stoll. z. J :
;

. 670 . f:'. 672 "C l·r·~1. .
Clav . 7r. ,...

572' ..
615 .;

Sand stone ? ,
'.~

.. .- .- '. '675'" . ·f ". ,. i'l alav _ 'Ffard 3615
..

\.'''' ~..
?>676 'no 'Ffard ~'av :

no 725 Calichie ~lmd !<i+.....o "Z ,
125 . 7Z2 -: -t .• " Gray Sand Stone ~onl!:1omera1;e '-

,

732 , 150 .. I •. ".~ ,. Cal'ichie
.-, ,

."
'.

'""'760 ."R~ .. ... " 1 ,U1.._ .~_,..; ~ :?- .. ... ..
1766 161 Sand

767 790 Blue Shale 5

(

I
' .,

/

I

D.scriplio. 0' .........tlo.o ...hrlol
To

[1••t'

47 Sandy Clay :>
2:2 wa= ~ ura Vtl. 1

72 Coarse'sarxi atks ot' ela..... <..-

from
(r••t'

o

2

130 151 Clay, atka ot'tca11che ">: ';-; -_:>-

U~·,-'-~~-..- Tight ~oarae ;a1;(1 and clay "Z..

·1'1",~l~:=07 -::;uId'~......~ .> -- 1 I
,. ~~I Coarse san .• some cnoave

. 94 ~97 Coarse snnd, pea gravel \

532 3 ~7 Sandy silt .- O· -:s \

322 2-::lO • Brown cIa", atka or shale rock "3 1,'
;;~ -;";?, '" -~. " '., -

...32 l'7. Ora.,. sanda tone I
~... T, .... _. ~ _..,

!+:~~ -C-oar.se aaJ:ld._1n·ca~iche, tight z..
',',,,, "''''H'-''' _~...'ft_ «:

,..~.,; : ). -........- .... woO... .... .", 't'. "\
4GI 4lc Hard red clay and gravel atka

n~ !+~~ ~a11che in c~a"'11 ~ tkll or anale J \

'': "c:.' ,. c.·--.- _•• - .".<::.
~ 447 Good' gravel i water I

LOG OF WELL

h.dleah d.ptlo .t ....leI. ••t fVt+ ._....rocI...ci "'" d.ptfI ..., thldn... n ••.., bMri"9 I-U. If ....., 10 ..,'Mlu•. la4lcote cl.ptlo .t .......
._....,ed••ed ".p1Il ~~ It ..... Ia ...U.

.J~" .~N ..........., .....·... Vtl ... lr.
55':1 ~,'lb Brown rock. atka or cIa.....

709 '7 '-0"'· _. -...... .

~ 502 Clay in atka. caliche '3

2~: 5,?~ BroY/n clay, 8!'ks shale rock

~~.~~ ~101~9--. L _~t(.~9- F......!.~z, S t~c:.....~r~M~t~Ci~ olIntt.o itot-.......... coat.loM __ .. tt.o6 I~...by corllfy ~ - '1"1~~ "EftnlP"\ 0 gd00:]
be t;;"" bowled,.. ~Iet. Hard red cIa.... brOim rock B:J~:CO .' SS COUPAl~~

'7~+1992 '. 7~721939 ~:~1~f:7;n~Y .'- ..... ~.b4~'.
COU'S6 sand 1n cla7 not gooo.l) itat;Cn""'A

72; 17~5 Stka or gray rock, hard :~os Angeles, Cal~.
725 ....1 Gray sandstone, sort .YcIt..

731 750 .. Red clay, stka. o:.hale rock, hard. June 25, 19h8.

I·

I.
I.

I

I

I
I

I·.

I

I
I

I
I

I
I

1



REPORT OF WELL DRrLLER
,.,.0.. TO

CUQlI:r,..T10N 0,. I"O"WATION .."'TEJU.u..II'XETI l,.a:rrl

tk 3 '\c ~-

( ~ rALL,. 3>
,

.;-
( ~ '"?~ i.J I,J I..J. t. LvV."k) t4zYJ- s

[.-}
U f. )"s L~ / 1 /

c;c -? 0 /Ja~i-~'7 ). i

~ 0 5....,-!.J ;- !
,70

~ 0 ~> A.~,~ S: ! ..

16"- 1o 0 .1" 0' / 1 i

( 0 {} J' f) /W·.dz..,/ "3 i
. ;.-11 ..~ ~ It I 0- 1. 211 '~.-u,;.. 'IM ...I -,.,11"

~ J. e ?ofo iGG. "3 I
')..t;"<:> '21.() ~.~ A j~' lic.}. '2 )

1. 4 7 ILl / )
'J. lL "
2'17 3/Z c,.....AAI· a-zI~~jh. 4, 7 ~\

/~ /' I
,

1-l;1 '3ltIJ .~

,
"'> I '1 q"Jg .~ '3 !

lr/l5 A;..t-} I I4JS
.L Itk :3

; -~
Ltlf '7 '1~~ A. ;

:-"J

L!$".r 4'10 ~'
,

3

u 90 505 fI/;'" .url~ ~1.••i.;Jv;~Iz,,"" 3 i

;?O~ 5""20 e8.~ ~ ;

_/ I ~
;);10 ~.).~ I

,
t;"" :t , J'-~. 0 d .... 3- I

~ I
.'

~&f) ~5..,.

S'f 5"' ~ '3
,

5" 5lf
'!7Ci!f Of) ~ Jirv-{j, A....-I a;;-~t. :Ji

/ j

,:~ ,,1.-/ci;.... J iI~

t. urJJ.I c::t 1I ;Z 0

LOG OP WELL

Indicau depth at which water wu lint encotnlured, &lid the. depth ~nd' thickness 01 water be.uini' be<:ls. Il ....ter io ute­
aian, illdic.ate depth at which encounured, and depth to ....hlch It rose In well.

LANO DEPARTMENT
WATER DIVISION

STATE OF ARIZONA

._-_.._---
._--- ._--_._---.-

._-_.._-_..-----_.._-._--

-----_._.__..•._-_._--

.~

'hell I ,'t"9_a. DRTITER 'D end Q.

~

4. Location· at wdl: 'hrp-2~tion'___.2I'___

6. Tot&! depth ot hole.-...E-U -..xft,

.~.

7. Type of cuinr;,_~j.........t ....e_.e~LL.- _

9. Method ot aealin&, at reduction poinh... _

13. Method of colUltroction.-.1lr..J:.I.?..,J..l.l::C":;.>..d.....:...-__ . • .. _
tItII....... 4n.............~, cte.

8. DiameUr and len&th ot caainl:..$.Jn. from....CL~----In. from__h_.--. _. ..in. trom __.l0 _ .

11. Size of evuta ---- N1UlIber ot cut.. per foc.l.-..__.._ ._._. _•..•_

U. Il aaeen wu iutalled: Lenrth'--_~fLDiam, in. bPe-.__.. .. .. _ .

6. Intention to Drill FUe NO'A-- ----IPennlt No..•. ._._..__.. ...._ ..._..

10. PetiOlated tro'IIII11 "toll..-__.. flOllL---to,__--. trom tl__... lrom•.__•..•.•...to...•.•....._ .....

This report .ballld be prepared by the dr1ller in all detail and Wad with the State Land Commissioner

follo1ll1ng completion of the well.

DESCRIPTION OF WELL

2. !AuM OJ' Operator, --::_::--:------.------------.---.-

;:
1. OWNER ( 0 rT:-l.-j"7---<.f"7J<:--,_..,.£-..,·Q~'J'--.__-;_=:---------.--------.-..-.-.-..--.
___C>:z.-.::.6"-'~.wO~3'--~S'-'I"'-)-'-y.....o"-'-i--"V..JI...:;>.·':t.:Lr-~.fui.1l.r....-£J. ..c.!-1.:.C.Ll..~_..-..J--?.d..l:-':/..---:

18. If !1owinl: 'Well. atate method of fiow recuJatiot''-- _

1~ Dau .tamd t:J ~J'..;,.L._..:7__t_l.s..tr"..Q,-__;::_:_
-"1'"' JoCa... n., y_

16. Dau COJJlpletecL......lc~n e 6_.,...J.!l-f:S"wO-..L-_--::::-:-
-.. Iloo, y_

16. IHpth of ,"ur-.:J.a.a . .__...fL
It n-Iac wdI.........

1'1. Deacrlbe point from which depth meuU1"Qlenu wen snade. and aive H&-Ievel e1evati'ln if available.._ _._. .__._

I

I

I

I

I

I

I
I
I
I
I
I
I
I
I

Ill. REMARKS=-G~L~.Q.c..k....r_ DO NOT WRITE IN TIDS SPACE

-£CCl.O"l S K5 Ltp-.i.o ,C';6.~ OlFICE RECORDI
I
I
I

WD Po.. ...
1t'CY....u ..

RaetiYed _. by_.-=__

FIJed (..'2--¥-l~ ._~ bY.C?~_

Fil. No.O_C2.:.J.,) _~.l..C.fl~__.__..__. _
.-------.---••••- ••--••-.-.- "- ...............J _,, ....

(Well Loc to ApJM&r 011 ae- Side)



..~ .. -- - - - -,.-- .. _..•-._- --~ -.'

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

...

LOG OF WELL
Indlcate depth at which water was tim encountered, and the depth and thIclcn.ess at water beariIlg beds. II water is II 1,

indicate depth at which encountered, and depth tQ which it rose in well

FRo.. I TO
CESCR.IP'T10N l~rr P'ORWATJOH WAT'D'lAJ.

(J'1Xl') Ina)

(" If 'l'f'll"\ !';n11 I \ 1-.

4' 12' Clav ;, )
12' 52' Sand I \ I

~?' t.IH ~",n~ "'I"lil .,.,."'~.., I I
!- ~

ba' 128' Sandv clav '"'::> I

I

12~' lli2 , H",,.il "Ol!>!t"h.". ;"'a"1
_.~ I,

152" 158" Sand and In"avel J,
. . '158' . ·212' . Clav' "3> I

2'32' . . Cemented' simd -Z-
I

212' • 1•

!
..

232' US' Stickv claY' ;,
!

2.L.St ?l:t", ~j:..\t~ ..nl"l - \ {

J -: •• ....,. .
2'51; , ~M~' C1AV '3 !

'348' . 168;"\: Cemented sand Z. ---1..... :> I )
368' 376' Clav'" :

376' .384" Sandv clav 3
.. . ·,8.L. f : . .\ :·"ill•. '. 3• 1

·Bard clav..
.... .L.12· ..j. :"1.60" , ., Cemented sand -z.

.. :. .A.60' .., . " "~80' Clav 3 -
_ ':0·480'" .... _492' Cemented sand 2.-

"

. , ~

.492' 500' Clav 3 I,

;

500' ~20' Stickv clav 3- ,
,

'i20' ';Uf Sand and cnoavel
,

)r
"...

l52.L.' 62..&.' Stickv clav ""3- I

624' 6.A.O' Cemented sand z..
-640' .' : 668' ;-<::la" . ,)

, 668' 688'···· Sticky clay 'S

688' 692' - ·Sand and ~avel I

692' 708' Cemented sand t-
o' • ~ ~ .. .. .

'7n~, '7'?la " ,.., ".". 3>

.,?A' '7R1t C""m""nted sand 2.-
". -.

.. , .. .

..
I herebT cert1tJ' that this well 'WaS drllled by me (or undu m:T ~=\. aDd that each and all at the mtemenls

herem contained ue true to the belt at J%I7 lalowleqe a:cd belle!. -

Dtmer:__V_a_'t.;,·;;g::.:bn__K....;;o..;;.s;;;1~eY'~ ~11_

_______~C~~andler, Arizona
....--

Da.te.e ..;;.J_11;,..;;;1~1-::;.5L., ....;:1;:.:9~5:..::1:.-. _

".

/
(

I
.....

(;) - :: - 6) :. z: )c...

ROOSEVELT~ CONSERVATION DISTRICT

WELL NO. 16 1/2 - :3/4 f.

o - 10 So11 BUt J
10 - ~ Sand
:so "!" 40 Clay ~ \\
40 05' . Sand &: Gravel I
55 .. 75 Caliehe C~q ~

75 - S8 Band &: Gravel I \
a8 - 120 C~q '7

120 - ~o Oementod Gra.vol 2-. \

230 246 Bard C~a;r ~ '1',

24:6 - 252 Fine Sand I
252 - 215 Hard Clay & Gravel Z,\/ "7
275 - 290 C~t,Jd Gravel ?.- '/

~o - ~26 Olay &: Grave~ 'Z- .\
~26 - M4 Wate1' Gl'avel .. 3". I .
M4 - 415 Ra,rd Clay & Gravel 2.-
U:S -., 465 <: omented Gl'avel z-
465 .;. 475 lIn.rd Ols;y '7 \
475 - '505 aement or Sandstone rz....
505" - OSO So.nd~tone 1.- \

550 - 6'70 Bard Olq '7 )
~.,O ·r~. 'S90 Sundatone 1-

.5g0 - 002 . Bard CJ.q' ;-

DrUl~c1J .T~U&:7 28. 1042 to FebruaI'7 lB. ~942
~2' o~ 20- 10 Ga.. Ca.siIlg. .'
P61"J:oratod.1l4' 'to SOOt lO HOles POl' 12·
~j.azutw or P61".f~Q.t1ons -l/z- .
Length 'oJ: Pe1'toratiolUI _ 5" .

. Depth at which watBr 1"1r8t :tound _ 120'
standing Level bet01'e perforating "!" 95 t

:;1tand1ng w:'tl!ll ath1' Por.fol'at1Dg ...- 95'

•



','t••

.~-------

" :

.fll~~ lIf ell.'lln~ ent·· ...•..., .•.•...••. •... '::::::.:In;
1"'11 III l:lrl&"': .::..uUl:__....,..,.-----!~

W ..I a.dAptor or comollt uaod?__--------------~~~~~~

_.. "_ .... ~.._....

----_._ _--_ -_.._ _.__ _---_..__._-_ _._ --_.-.-.._..--- - -_.- -'

'. :L:. '.; ..

---------------_._----_.

.:

.,
. i

!.
I

I'

t
~ .
i.
t·

: :
~ .. '

..

.' j.
I

i
I
h
h'

I .-
:

J

I
'l

- .-:>

_~dJ tIlSoh 8r'~ l?::Lc." kt"''J_e _

Dat,,-~-4it~.Y ,''' ') .,'-------

LOG OIt' WELL
rndica14 depth at which .......UI' 1r&.I tint encolmtered, and th
a1an, indicate depth at which &DeOUn14red, and depth to which".:opth !"nd thlclcnou ot waUl' l»ulnc~.. I! water Is arte, ~ ", ....elL.

-

I'lIOW TO
Innl "UTI

~IPTIOH 01' I'O'UCATIOH w...n"l~

0 20 surf'ace sand -
( ~I

20 60

,
Gravel and sand I I f

~,., 11111 .c::.. .A I j
, nf'l 7,0("\ ~-.,..'"" " ..... "'''' ... ~.~ ... '" ..~
320

...~~ ~"'-aks 1- i
380 Clay and gravel

Qr oJ 2:" !

V
,
i

380 600 Sand and e:ravel with
j

clav streaks
i

·f !

c-nrl ',irln "'''" ....~ ..........
"

:;--- :

1000 1350 Clay and gravel"' 1- i

1350 1400 sand with
\

~

claY and s:ravel ?- J
. -'

- '" .. _. .. . --
. -

;

- - . - .. ...' .. -

I 1IRebr ectItt that th1a well

I·;·:·::·:·.::\{ '....

"
-.: ..,:".,:

-".:-:

I
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.:: ':~~:': ":.
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:

I
I
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.. i ::~ :... _0

I~""
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ZipState

IIOS/10J ,

12.0:50 £" , ;;?rccs R 0

CHPrNOUER
City

Date
---~c.....;..::T--''-'=- _

Address

, .

.,'

. La; OF WElL.' (tJ~ 2.. -C) 2- 2-- d j C
Ind~cate depth at wtllch water I<6S first encC1.lIltered, and the depth.and thickness of Y.ater l:earinrJ !:c-ds.
If water is artesian,. indicate depth at wtllch encountered, and depth to which it rose in -..ell.'

Frcm I To
IJescription of for:rration rraterial(feet) (feet)

I ILfo 120 SANt] .tf. 'Gt?,t;VEL SMALL RCCKS . ,. / I
'3

.-.<,1'1.0 Ilfo rAN COLCJ~£.() SAND'! CLAY J "7
". 'j ......I !fa 180 SA.ND ~ GRAV£L /' I1180 .. "3/0 SANDY- CLAY. .. 3.. )

310 /.foD CLAY' W;n-l fI<ACE:.5 0': GK'AVEL ~ I,.,
'"(00 S5b CL.AY 'Win; S4NO AND C,RAV£L. 3 I ~

..
I ./

S'5Q S70 SOrT BAI.LE.D -c.CLAY
./

570 (..70 SAND AND CLAY -z. IC70 810 SOFT" CLAY AND 81J,LLED CLAY -~ I.-'

. " .

.
.;

.. ., .

,. ..

..' ......
'.

.. .

I hereby certify that this 'M311 W3.S drilled by ere (or under my supervision), and that each and all staterrents
herein contained are true to the !:est of my knowledge and relief •

.~

':0::::

"-'."'.

.........
,0' .

...::;.:.~ .:0

.~ ..:... ,~~~:

.: .. :~~.::~: ..~..
.. '0.:::...~.

' .
.....)

. - .... ~~~~:~:

--- ---'i·~: .:..: ; ·~:~;t

- 4

l

\ .

}
/
I
I

....
.,.

TO DESCIUPTIOH OF FORMATION MATEIUAL .IfMtl

55 -"0
"~...A

55 226 ./

226 Z70 Ola:Y '3 ...

&md IZ70 2$0

376 Samt C~~ mxt Ora:vel z...2$0

·C~ aDi '0ri:V01 ........ z..:;76 ltB2

4S2 ~ Gravel I
sex; SI6 ~c:La:r "3>..

8and:r Clay '3576 590

590 595 H:u'd CJn:r 3
595 '730 ~.Cla.T S

FROM
If"'1

_II drilled '- (or _.J__ - SlIperrisionl alld tIIat eaa and an of ttwrl statements henia COlI-'_a...,. ......._... ",.. __, #. ..
taiMd an tnIe to the &est of ., bowiecIge OM belief.. rmn.t:~tIJlZa~"'." ....:. . ..

J.'16l.H•. Coum.~ Club Dr,., !baa, .Ariz..
...........

Date ~{~ J2•..1~,.....
.................. °

0

LOG OF.WELL·
Indicate depth at which water 'WUS first encounte~, a~d the ~epth lind th~kness af water-bearing beds. If wc~r is artesian, indi~
cate depth at which encountered, and depth to whICh It ruse lit we • .

\.
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I
I
I
I
I

I

I
I

I

I
I

I
I
I
I
I
I
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)
/

I
I

I
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\

.. r ..

...... r
....... '. I . 2',

I

~

3

'3

3-
~
/'

..,
.>
,.., .
..>
--z..-

z-
,z"

\.

Date

DUCRIPTlOH C" f"O"WATIOH WA~. .

. :

.:.\.;. .: ·0 '.. .

.... - '* .. ;.: •••_ ~ ....0'

i.: •.•~:~•. :. '•••

~ .. .. ••• -: ...... oJ •••_ 0 •

olay sand..... . .. ,

20· soU sand

TO
(I'IXT)

60 •• •
,.-. .• SO''':' •.~., .... , •

,
..•.....,b,a_•..._,:;;•.: ·I'JOU....~md &.. C"I":l:l....l

80 100 •• • Bome ela.v

60

!'ROW
(,.Ern

400 450 ' • •

200 I ••, '220

:l7O . .....400 .. ..... '-'" .!'.._:.. ':. • '. .., .. :

'280 ... , '., '..! .:.-, :300"" '. '.' •... . ...

140 :200"--""':: 11-..· ·•·•· : .

• .1:' .•~ .~~:. . _ .

'240 280 eand 8. na....l

; ; ·::·'i..·IJ":' J••• ••••••••••••_................... ., ..

-m 120 I~hv

LOG OF WELL

.. ,"'..• " /ll/ ,~ '-'" .. ' J ~, '.1 ~ ,;/ - • ", ;:(,r- 7-
:. ~.~J .. •... ··v....' " ~.:- dA- ... P /... - //1. r'. .

740... ,~n.·.·:'·.•I.~· ....·822.... · ..... aaIllL&. p-a'h1". '" I ..... . +-.. ",
i~· - -.: .. ~ r' .' • . • ••

... . .. ·..·100 ---.-. '-'" ·120..·- ·..·.. · • ••

"'. / ~ L '77d'/.A ~ 6&"7 /'~ .. ./-?! N r:. . c0z. ';;I-

·r 'i:·:.</.. ···' ., ·:·~·#liy;.i :;f<';'~~:; '/' ~",£1.:. ; R/~ ~ ·¥.-f,;/30 '''-P7;

··-1·/t?tf·."...... r,-·;:C:~--I~·=..!";'- .....}'. Y~X..2~I~ ,-1';:-", /./.. -~ J/:'''
.'~•• ~.A..I-A..7I'-..rf;~J..d.·~~ If 'Z"7.- 'A/~I f" /,A .J ~./',.. //hr?1'
. (/ I

-" :220 'L .,••' ...." "240

~". ; 20 ..

~'dJ~'~ depth~'~;;hJc~~ter was first encountered. ~d'U;~ ~;Pth aIld thickness of water bearing beds. If water Is ute­
alan. IndJcate depth at wh.lch encountered. and deptll to wbl~ it rt\Se In welL

,.., '··'··O··.J··

'''~

~ I
:i 72JJ' l l.,,;~" · ..·140 .., ........ · cal1ch. - clq ... _. '3 r"

.....'.......' .

.. ~ .: ......

, ,

> I,;

I':"

~ If

'2..'

Da't..e'-- . _

" ....... '0 . '0

- .• ";l_ .~.'.

" I. "' ..:. ':

":., ....':....\ ';

:.. :"" ~. '.'- ..:"

LOG OF WELL

..... " .. ,'';''...........,. \;J1..;I,...:':

I hereby c:ert1fy that I ,have read the foregoing statements, lUld that each and all of the items therein c:ontalned are
aue .to the best of my knowledge and bellef. . _.... . . ,

IncUcate depth at which water was first encountered. and the depth and thickness of water bear\ng beds. It water Is Ute·
sJan., 1nd1cate depth at wh.lch encountered.. ~d .depth to which Jt rose In welL....

,.RON TO
.clDlCJltl,."ON O~ I"'ORWATICH ),CATERLAL(l'aT) (I'ttT)

_..
'" _. . .. -

..

Land to be 1rrl2at.ed.
..... .. 'SE 4 m: 4 SW 4 480 acres

............. .. -.....
';2S

.. . ,

lol• .,." .. --r _ •.~ 1',.om vAlls on see 24- R5E

4-2-51.
-, .. "D' '...=,""S- S ~ \., d. -Sr<) ted D. '1/""1 '? 4 :~\Il -4 - '"5·.S~ I

6-:<,- It'o
. .

s~ n J .. ( 7)2 /I Pi r:-
/tJo '/ f?o S4 Ylei -/QY4vt"f

" .....
f 'i ()

..
."2.s tJ ,

I I I

.. .. ~:1f:>~'"
...

3l /'0 (' I a. "(
::1.

~7~: . j B..s- 0.,. to
I

I '.
fO!

.1" j····~ ..2 ~~(. !4SS- Clet .c-/ tJJ/ s...-.../ Sf~~t'irs

..r ~:":'4~~: · i/o rio C' fa L'''/ I q'~~·.u e._ / ..
. -

~" n. .7-tJ () (" I~ ~ j, ... '"- .... ..

,7£.5" /J7J C fa. ~
90-0' .&f!.6':S". '.$ a:11 d..' . D.,.., .,IIf! ,./. •. :1.. 7 .-;/. wi J 7-:1 ~9'L.. ....: ....... .. .. .' ',' 'iI .. .. :. ,i' r-F' . If/A ."" . ..r. ".;:./. /...~ ..... "·8;·r.,

r: (\1""'<- ",' tJ , e .D ..
,i".;

:>~~~"':S..:.. · ') (j.;2e, " C'/tl' y ~l
..

I

c.z. ',.. f7 f/,. /
• " 'loj,'o' It>

'. - - I
~' , I Ifr{) 5<1."') cf ..( , .. n Y P

.,. ·:loYO:' '. 'n .0" 0 .. _... .. ('la' l./ .:./ ";;;-;n yo O!. I'
... - ..,

,. 1'./1'0 ,()..: If"~ ~ .. .. '/ ,r;] ( v~ r If Ho "\' j ) I..' "Ci'..... t/y!. ~,

:;•.:. .• \.~ ';!:.,. .. " ..U
(I 0 M-?~ .. r 1-1 P" r "V1 '2 ( ,"1 M .:? f1t" r..

~. :. . .. ou .
.. : !:,: ......; I • · , .. .. :Dc?lJ't'L -_....1/ 3 ;>-1'

...
~

.' ..~r , • . " :",:'!: .. ,- if;,; ',"",-.J .v S",eT I () 9 7 I o -P p,'p~:

" J.!l""" " .. ".,', I),.;) / L '/L I( .-£J.o!.. ... -P 1" '
\. .. .:7...-6 U 0 -I /)/'1 l<1 n C y r-s
,,' -:2 'LA ~

,~ v rr;' II. W
I

.l,- ., .11••:- I' ;26 ('"TS~-. Or:? .....75;:
< v· I.. ... . ....

.3.rc , p-P '?)1" 0;;'" H k r,'p."
'j l v', .' .. ~.

, . , ..
Pi p~ ~",;;2' :z. D" t~", .-r ~h-o/' ((" ',J ,

. ... .... ...... iI

' .....• " ....': .... .. ..
.. "'_'

.',- ..
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I
I
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.._:.~.. ~ :.
, .
_ ... 40

CCSCRJI'T10H 0"- FO"WATlOH NATI:"IAl.

..
: .. /.. '...

Top Soil

Data.. ..:.-;~ _

;:.:~~....:.:... ' .:••..;::.:. • ••:_•••i.•. : •. •': : ....

4

TO
(,UT)

o

LOG O.b' WELL

JORO..
(n:n)

I hereb7 certl17 that thia well wu clrIllecl b7 me (01" under 1II7 supenialon), and that eado and ell ot the atatementa
herein eoD~ aN tnle to the but ot lD7 lmowl~ aM belief.

..' Drllle~Z~ ~/?~
_ l (/

.-bi-f.C· -::/4? ::f~
~

••.• ::~ ..... ,.:~. : •.• .! !~~\~ i .. ·.J.. _': . ~ I. ~ ,;

Indic.au depth at ....hieh wat.er was f~t encOtUltered, and the depth. and thic:1a>ess of water !>earln&, beds. If ......tu i. a~
.ian, indic.ate depth at whic:h enc:ountered, and depth te which it rose in well

4 50 Hard clay "'-./

liD 6L.
r I,Sand I

64' 144 Clav :"7

144 148 Sand & gravel }

148 176 ClAy ;, I
176 1M 'Sand Gravel I I
180 1.SL. Stickev Clay ? !
184 1~ landy Clay 3- I ~
lQ2 212 Hard C]av '> I ./, -a ,~

2!2 216 Stickv C!&v :> I /~:l~.) 4.<~
236 252 Sandv clay "S I _';f ~cg~~

252 256 StickY '1,ay ? ! - ~{'"\ ~~... t::-
256

".

264 Cement~': 5aIid ! ~\ f.~~ r;;->F'IZ-

264
..

298 C]av' "·3 \1 ~l>:'O~Y

298· ',: \. '.303 Sandy Clay ? i· -.....:...!'II"'~

303 '\\\3:38· CJAy ~
\ ... . .. 1 .!'J .

.. . ':l':l8 . "U.O Sand & lmivel I "~/ \J -"•
/~

' .
3LO .~aL.. CJAv with cemented streaks 3'

... _...... .-w;._ ..
..~ :"'92'

., .. .. ........" : .• _, v'_....~..-: .. ' .", ... ., .- ., _J.
., Sandy clav '3. .

392 '. . U4
. St'icky clay

:;<'
/

.'.
408 •414 Sandy' clay with cemented :streaklS :7

46a 500 CJay . ,.. ' . '3
... -

.. . - " ... ......
- , ." --:..... .. .. .- - (Pertorated. !rom 490 1 up to 155 1 , S'holos per toot.

' .. ":.1. , .. ......
.: Water level 148' .) " .'.

.......... ; .Driller, VaUJdin Ho'5iey, ..
. "

" .~: .. .; : ... .
...... .. . ~. .' - ..,

.
.,

•• J" .• v . "

.. . .
• J.

. ,_. . ... t ••:":- ......... ". ..... - .... ..
.... . , ...... )' .

• ".: ... ": 0' .. . ....

Ir--'

L .•

: .....:..:

.. :.;;::/
.':.- "'

.'

'.•••••• 0_

.. ~._..-

';'..' ::.::.

_..._...~_ ..- - --.-.

') I

Dat"'e'-- .. _

....

,I.:,

~ :;.'..

. .u...

DEaCJtlPTION 0'" I'OIUCATlOH .....T&:l'l1Al.

'° 0 ... I.

,.

.'

. ~'.

...............

.' .

TO
(,Err)

_•••• ::'.:.J •••.: _; ~ :

P'ROW
(PttT)

88 145 aand &: boulders :1

611 . ., 668 gruel

698 ' ."~". I. '''-;;-17 '.J. " clq'" 8011. boulders ;.

'" 1 ...._ : ..:...:.,; .. ' ...... ~.;~ •

;'.~~ .. ~~ .. ~ '~'"

I: .

;,. L,! ~:t.:: _ _~:.44 :._._._ - ..- -_._.•: __...•.._ ~~ ..

'0' •• '.: ••••

If .:::.i ... h .. ".

"...... ~. 0" _':: •

.. .. ~ .

r: :;..: ;;··°;.0 00 ':. :::"-:. '0 :0" ..
·i

LOG OF WELL..-...
IncUcate dept.b:~t ;:~.~ur'was f\rat encountered, and 'th~ de~ and th1ck:n f
sian, 1nd1cate depth at whlch encountered, and depth to whlcj1it rose in welL e:ss 0 water bear1ng ~. It Wliter 18 arte-. . .. .

J'/ ·,'Ii ••...•• ,;, ...... !.. :.,;;;..... ". ·!total 'depth"7111 •• , .' ..••

.• ' J....• ,.

•0' 1.1.. :.. .• 0; '. •••• : ....... _ ' .. ~ ~ ..

:. l"Ju J:.J u~ •• :

:,:0 ~ .. ' .: ..... ;.. ,

I hereby cerU!y that I have read the foregoing statements; and that each and all of the items ·th~_·- tained
true to.the .best 4f my inowledge and be1let. .•... . ..• ...=> con lU'e

• " '. ~, I •

1.:\' ·:.~:"·:.;·~i{::.-::.::-:.,,:-:~::-~,~i-:':-;-'L-:,j: -:-.:~I.. ~:;;.::L:-'~H--...:-:.:::::.:.:.-.t.":.::..::.=.:::...:..-:.:.-:..:::...::..::..=:-'=:------------'-------
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I ······.' .

I
I
1
I
I
I
I
I
I'
I:
I
I
I
I

LOG OP WELL

Indic:ate depth at whid! ....at.r W&.l fint encountered, and the depth and thid""e55 of water burin&" hod... It water i5 uu·
&ian, indicate depth at which encountered, and depth to which it rose in well.

",0'" TO I CUCAlnlOH 0" ,.OftN4TIOH .....TEftlAl.
1n.ET1 "'UTI

(:) ~ I ~f' Sa' J I '\I

l.t. 32... (')~5141 :. b-'/ ..5rA"S. Q...~'e. i -r r!. I::> v '"2- \ /7
~1.. ?/ (}./~ v V7 $7Jn. f.!..,,~.,•..i . ~ J
'7/ /S..3 ~.,.,J -I- Bt'J UorS I .) \

/53 ~or (t /'J v tJ7 Srxs. ~e.1 '3 ) "7
..J (}.or ~/7 Ii ~ )J"..-< / 1
r: I? ~4-O (?I~v J.n Srl)S. 12~ ./ 3 I
.:JJ,l.l:J c3?S" BIl/J~ J~ c./~v 2- I
r,J'J.s- .lj.., ? ~ Id Y rJ1 Sr!<'.! (J:r.l.h' I "3 I ...,

1.;.,7 ~..t9 130 JJ~ 01- ~n/cJ I I 7r

J.p.'! (! /",., W7 SrX'5. e-, I -
<5'"~,+- 0

l.f"24- 07J~ C1~. C~e"""nj "'u .. I -z.. \
-

<"':~? t.ob C/~ - trl..:s7";~.s.· e6~. ? I. -.
to/-' bl/ SJ9:J .I ()- .f

I

I I
t:lf ~{.S- (lk'", r./i, -;Or-koS. (!.i:JN':.'i • :3 )

I '.- .

..

..

. -.-

-

LOG OF HELL

Indicate depth at which water was first encountered. and the depth and thickness of water
bearing beds. If water is artesian. indicate depth at which encountered, and depth to
which it rose in well •

From To
Description(feet) (feet) of formation material

0 55 - Sand I I 540 - 580 Gravel embedded clay ~

55 70 Gravel I I 580 - 605 Sandy clay '2
! ..-'

70 140 Sand I \
140 150 'Ivater Sand \ I
150 155 Sandy Clay 7, I
155 170 Sand & Gravel I

r

170 185 Sand I )
185 205 Clay 7)
205 I 215 Gravel - (\-Jater) I

215 230 Conglomerate -z:..
230 245 Sand i

245 ! 250 Clay ? I
250 260 ... Sand ! I ~

260 280 Clay 51 '7
280 300 Clay 3> I
300 310 Gravel (I'later) ! I
310 330 Clay '';l, I--'

330 380 sandy Clay ~ !
I

,
380 390 Gravel \
390 410 Clay 3 .~

410 450 Gravel embedded clay "3\
4~0 475 7 \

..,
Sandy Clay

4711 ,10 Gravel embedded clay 3- \

510 530 Gravel embedded clay ;,
~~o 540 Gravel te Sand (i'later) I

I hereby certify that t~ is well was drilled by me (or under my supervision). and that
each and all of the statements herein contained are true to the best of my kntzwldge and
belief. .v 1.1 C7

Driller~~ L Jo.~

(

N~

')-7 - (J) ..e-!S~o:.......::Y~--,-Lf~~~7~ _
~~C .~_~~Address

S'~e£n:~
. l.~y Sj€te

Date 1.2-:> 6 ~ &'te,



Zip

Address

CJlI1,vJ/~JItj /J z..
City , State

Date /2 - t,j,-If! "

(y-Z-())

LOG OF '-lELL

I hereby certify that t;·~s well was drilled by me (or under my supervision), and that
each and all of the statements herein contained are true to the best of my knowledge and
belief. /) /I .

Driller DrrJ/ I fie G-~~'-;: &J ''n:.-

Name

From To
Description of formation material(feet) (feet)

() 7 .~ fJ,<:,o / I I
·7 78 SIf.;/e tY7 ..s7"~. s;;,yj 'fJ)-~ I -:z, I
?x ~)j til f)" ) :L"".-r

I
( I

88 J>t.o .'"J~ ./., l.TJ s.,;rr_ s~NfI -/.. 12.-.) V't!. / 3 I
, ?~() .:181.- Si),yJ 'I- ~,.eJ I I
U2.. f.L ~() si~)~ l/1 S~ s~kL i- ~v-e,/ s I :;;
lLi,f) I 1J'l~ .-:;l..,/,.. "? 1
1LJ~ 'I.. 7..s- .c>Mi ~ fl 1 I

s~¥j
,

4.-9.5 532- sA::/,... tJ1 S~..r• 3 I
SJ~ sYD (1~• 'Z. I
...sYo to:L S~/c:=., "3 /
t.o~ I t./o .s ,.,,,;), f I
I. /0 8.J.e S.(,/~ W1 Srl>."S. ~~ .3 f

/

~

.

Indicate depth at ~hich water was first encountered, and the depth and thickness of water
bearing beds. If water is artesian, indicate depth at ~hich encountered, and depth to
~hich it rose in well.

.'~

n.ta 1/20/ 1970

ftco-:L.';;: ;;?::~

CO -.2..-0) 27 Ale.

~ White Drilling co.
x.-

P.O. Box 558 Casa Grande, Ar1zona
~

LOG Oll" WELL
I?dicat.e .depth at whieh ~ater ...... tInt eneoullured. and the depth and thielcne", of .... t.r hearln&, beds. It waur is art.­
a1&J\. iDdieau dopth at whk:h .neountored, and depth to whieh it roae in we.ll.

OM TO
(nn) (p'aT) DC.SeJt'I"TIOH 0" P'OI......T.CH .....n'uAL

. -. '0 2 top sol1 I \ \2 180 sand & gravel wi streaks o-r cleache Z \ \

180 210 sand & In-avel I 1
210 565 clay wi streaks o-r sand ;,- ) L,
565 575 conglomerate ~water formation) ( /

Z

...- .
. .

.-
i·

-

I':f;;: '.: . ?,'

I:..··
I
I ...
.;.~~~':

I":"

I
I
I
I
I
I
I
I
I
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I
I
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2~ If well Is ,..... ellrrig_tlotI oya.. of Im,.tioa DirIrict. ~licI• ., c...,.oy•.-it 2J .... ,ift ...... el project.

ROOSEVELT \'1A'l"':R ClmB"ERVA'rION DISTRICT

~,

'..
r

"~

Project .. r/:)--::J ~.b)tJ,r' a, r/
DO NOT WllTE IN THI:;; SPACE

OFFICE RECORD

RacWH 6-1-46 .---Ity 1.1

FII." 6-17-46 hy Ij
,

Faa Na..!12.:::2-6 ) 28 add,
e.-..r-acad (.....1 ---by

c..,."'••c'" llaltll "y
e.-M_ocM hy

. ;,

0 - S' Soil
6 - 20 Caliohe "3

!20 - 38 Sand & Grav.o1 r
38 .. 45 Olq 3-
45 - 55 1lI1.rd Sand:r C1q ""3
55 - SO Sand & Gravel I

60 - ~5 Sot't s~ Olq ;, I
" g5 - 102 Oaliohe C1q ..."

I
....

102 - U5 Sand & Gravel !

7us - 1.50 Caliohe ClaY' &: OravoJ. -~

/"150 1.92 Caliohe C1q 3
192 - 206 BrOw. Clq ;. J

1206 2l.4 Caliohe 3 I214 .. 258 Comented Gravel \t.-
I

258 .. 286 BaJ:od Cl8.j" a: Gravel 3>" I
286 - 3~6 Caliohe Clq &: Gravel .-:' /336 - M6 Cemented Gravol "2.- I
M6 ~72 Hard Oal1ohe Olq ~

I

i372 - 378 Sot't OJ.q .3> I
! .378 - 386 Cemented Sand z.. I

386 - ~~ Samd a: Gravol . I
1:sg4 .. 400 St1o~C1UT 3 I420 - 466 Hard Cla:y a: Gravel. "3

466 .. "S2 SandY' Olq "3
482 510 BardSanq Olq :?
610 .. 620 Sand
520 550 ·f- Bard Olq

3-550 562 GraveJ.
562 SOO Hard OJ-aY' ,

./

.Dr1lled$ Jan. 4, 1942 to Jm. 25, 1942.
SOOt 01' 20-, 10 Ga. Cuing
Portorated 90' to 585.-, 10 Holes pel" 12-
D1&11lotol" 01' Per1'01"at1o%UI - 5/S-
Longth 01' Pertorationa .. 5-
Depth at Whioh wator tirat round - 7S'

ROOSEVELT~ COHSERV.ATIOH DISTRIC'r,

WELL HC _ 17 1/2 - 1 11

(QUIPMENT DATA

............ ~.:.... ..,,-
u. KIH ., ,..... ~t.&-!: .

electric, ~., IUo etc.

27. Hene...- ,-flat el .....,_..,'1"':J....- _
/
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