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STRUCTURES ASSESSMENT PROGRAM - PHASE I
FLOOD CONTROL DISTRICT OF
MARICOPA COUNTY
INDIVIDUAL STRUCTURES ASSESSMENT REPORT

EXECUTIVE SUMMARY

1.0 Introduction

This Individual Structures Assessment (ISA) Report documents the results of technical
evaluations and field examinations for three of the twenty-two Flood Control District of
Maricopa County (District) flood control dams. The three dams investigated as part of
this project were the Spook Hill, Signal Butte, and Apache Junction Flood Retarding
Structures. The ISA Report is part of Phase I of the Structures Assessment Program, as
outlined below. The technical evaluation of the three dams consisted of engineering,
geological and geotechnical reviews of structure historical reports and documents. The
types of documents reviewed included original and subsequent design and analyses such

. as hydrology and hydraulic studies of the dams, foundation reports, boring logs, seismic
studies, subsidence and earth fissure evaluations, construction plans (design and as-builts)
and construction specifications, and any documents pertaining to repairs, modifications,
or upgrades to the structures. Detailed visual field examinations were conducted for each
of the three structures and associated features. The purpose of the field examinations was
to assist in the systematic technical evaluation of the structure and operational adequacy
of the dam project features and to determine if signs of distress exist at the dam and
appurtenant features. The ISA report provides recommendations for each structure
regarding work plans and actions for future engineering studies and dam safety repairs or
modifications.

2.0 Structures Assessment Program

In recognition and realization of the changes occurring and associated with flood control
dams both on the national and local level, the Flood Control District of Maricopa County
(District) has embarked on the Structures Assessment Program, the purpose of which is
to minimize the risk and liability associated with the District’s flood control dams. Since
many of the District dams were built, there have been a number of changes, which now
need to be addressed. These changes are:
e District dams have aged and some are showing signs of distress,
o Significant urbanization within Maricopa County and adjacent to District dams has
occurred and continues at a rapid pace,

. e Changes in dam technology and design practices,

e Changes in methodology for determining inflow design flood,
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¢ Significant increase in permit requests for utility and roadway crossings of dams,
e Rule changes by the Arizona Department of Water Resources, and,
¢ Subsidence impacts on District dams due to groundwater pumping.

The Structures Assessment Program will address and assess the District’s dam safety
program on several fronts including:

Dam safety inspections/evaluations,

Emergency Action plans,

Impoundment areas and spillway channels,

Improvements to the overall dam safety program,

Impacts of future dam safety rules and regulation changes,

Planning studies to evaluate project options, and

Flood Control District policy evaluation.

The Structures Assessment Program will be conducted in three phases. Phase I will

primarily involve:

¢ (ollection of data and inspection of dams,

¢ Develop dam safety recommendations and priorities, considering changes listed
above,

e Perform preliminary alternative analysis studies to modify existing projects to address
urbanization related issues, and,

e Evaluate newly enacted ADWR rule changes and District policy issues.

Phase II will primarily involve:

e Perform detailed investigations and analyses as identified by need and priority in
Phase I,

o Initiate project planning and authorization activities to correct identified distress
issues,

¢ Implement changes to overall dam safety program and policies, and,

e Perform conceptual design studies and alternative analyses for modification of
projects to address urbanization and distress issues.

Phase III will primarily involve:

e Implement projects to correct any identified dam safety concerns. These could
include things like structural modifications, land acquisitions below spillways, and
alternative, lower risk solutions,

¢ Implement approved projects and land acquisitions to address urbanization issues,
and,

¢ Continue long-term dam safety program.

Phase I of the Structures Assessment Program will primarily be an evaluation and study
phase. The District has retained Kimley-Horn and Associates to provide services to
conduct Phase I evaluations and studies. This second work assignment will focus on
three District dams. Evaluations and studies performed for these dams will initiate the
Phase I process for these dams. The dams evaluated in the second work assignment were
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the Spook Hill Flood Retarding Structure (FRS), the Signal Butte Flood Retarding
Structure, and the Apache Junction Flood Retarding Structure. This separate ISA report
documents the evaluation and assessment of these three dams.

A Technical Committee was formed at the inception of Phase I and served in a technical
advisory capacity to the District’s project manager concerning the major findings and
recommendations of Phase I of the program. The technical committee consists of
representatives of the District’s planning, engineering, and operations functions, Arizona
Department of Water Resources Dam Safety Section, Natural Resources Conservation
Service, Corps of Engineers, and Bureau of Reclamation. The technical committee will
review the full ISA report and provide their input, technical comments, guidance, and
experience.

This Executive Summary of the ISA Report provides a summary of the project features
for each of the three District dams examined in this report, summarizes the results of the
technical evaluation and field examinations for each dam, and provides the
recommendations for further/future District actions to upgrade, enhance, modify, or
repair signs of distress at the dams.

The purpose of the Individual Structures Assessment Report is twofold: (1) to assess the
present condition of the three structures and, (2) to recommend actions for further
investigations/monitoring of the structures and develop work plans to repair signs of
distress in the structures.

3.0 Spook Hill Flood Retarding Structure (NATDAM ID AZ00175; STATE ID 07.5)

The Spook Hill Flood Retarding Structure (FRS) is a structural plan element of the
Watershed Work Plan for the Buckhorn-Mesa Watershed, Maricopa and Pinal Counties,
Arizona. The Watershed Work Plan was prepared by the Natural Resources
Conservation Service (NRCS; formerly the Soil Conservation Service, SCS) in January
1963. The watershed heads in the southwest-facing slopes of the Superstition Mountains
and drains onto a wide alluvial fan on which valuable agricultural, urban and commercial
developments have been constructed. The watershed is one of three for which concurrent
planning efforts were conducted by the NRCS at the request of the District. The
northernmost watershed is the “Buckhorm-Mesa”, the central watershed is the “Apache
Junction — Gilbert”, and the southern watershed is the “Williams-Chandler”.

Spook Hill FRS is located within the City of Mesa. The FRS parallels the Central
Arizona Project canal and begins 1/2 mile north of McDowell Road (at Power Road) and
ends at 1/4 mile south of Brown Road and 1/4 mile east of Hawes Road. The FRS is
about 22 miles east of downtown Phoenix and approximately eight miles west of the City
of Apache Junction. The project consists of the FRS structure, principal spillway, and an
emergency spillway.

Spook Hill FRS is a rolled zoned earthfill structure. The length of the FRS is 21,712 feet
with a maximum height of 23 feet and a crest width of 14 feet. The reservoir capacity is
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900 acre-feet at the emergency spillway crest elevation of 1582.0. The reservoir capacity
is approximately 4,000 acre-feet at a maximum water surface elevation of 1591.0 feet.
The FRS was designed with 6.3 feet of freeboard (top of dam minus maximum water
surface) and 317 acre-feet of sediment storage (100-year). Spook Hill FRS is accessible
off Brown Road by a padlocked gate. The maximum recorded impoundment for Spook
Hill reservoir is 80 acre-feet with a stage of 6.74 feet at the FRS (January 11, 1993).

The principal spillway, approximately 60 feet long, consists of a gated 7-ft 6-in by 7-ft 0-
in concrete box with an uncontrolled overflow at elevation 1577.5 feet. The design
outflow is approximately 808 cfs from the principal spillway. The trash rack is located
on the upstream inlet gatewell assembly. The gatewell assembly has a 24-in by 24-in
slide gate. The outlet of the principal spillway discharges into a tapered sloped-bottomed
energy dissipator. The outlet discharges to the Spook Hill Floodway (another structural
element of the Buckhorn-Mesa Watershed Project). The Floodway eventually discharges
through a sediment basin near the Salt River and then into the Salt River.

The emergency spillway is a reinforced concrete drop structure and is located near the
principal spillway and 925-ft from the north (right) abutment of the FRS. The spillway is
260-ft wide with a discharge capacity of 4,800 cfs at maximum water surface elevation of
1584.7 feet. The emergency spillway crest elevation is 1582.0-feet.

Technical Review - Spook Hill FRS was originally analyzed and designed by the NRCS
in the early to mid-1960’s. The hydrology for the structure has been updated several
times in the late 1970's and mid-1980's by the NRCS to account for planning
considerations for the Buckhorn-Mesa structures (flood retarding structures and
floodways). The basis of design for the FRS was originally founded in the NRCS
publication “Engineering Memorandum EM-27" which is the precursor manual to
“Technical Release TR-60: Earth Dams and Reservoirs” the present NRCS design
guideline for earth dams. The FRS has been analyzed and designed according to TR-60.

Spook Hill FRS was designed to control the 100-year event using NRCS criteria. This
design event was used to size the principal spillway and reservoir volume. The
hydrology for the emergency spillway design and freeboard design flood is discussed
below in the Hydrology section following NRCS criteria.

According to ADWR criteria, the Spook Hill FRS Inflow Design Flood (IDF) for
emergency spillway capacity is the % probable maximum flood (PMF). Current (June
2000) ADWR regulations could change the size classification of the dam. The new size
classification combined with the hazard classification could require that the IDF be
changed. The IDF could be changed to be between the %2 PMF and the full PMF, or to the
full PMF. The NRCS, in their hydrologic study of Spook Hill FRS, have designed the
dam not to overtop during the passage of the freeboard hydrograph, which was based on
the full PMP/PMF.
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The NRCS classifies Spook Hill FRS as a Class C structure. Class C structure are
structures located where failure may cause loss of life, serious damage to homes,
industrial and commercial buildings, important public utilities, main highways, or
railroads. The Arizona Department of Water Resources rules and regulations for
jurisdictional dams classifies Spook Hill FRS as a high hazard, small size dam.

A review of the NRCS documentation revealed that the apparent design precipitation for
the Spook Hill FRS for the 100-year, 24-hr storm is 3.81-in; for the Emergency Spillway
Hydrograph (ESH) - a depth of 5.6-in; and for the Freeboard Hydrograph (FBH) - a depth
(PMP) of 13.0-in (for a drainage area of 13.56 square miles and an emergency spillway
width of 260-ft). The NRCS peak inflow for the full PMP into Spook Hill FRS is
approximately 21,000 cfs with an outflow discharge of 18,340 cfs. The PMF will not
overtop the structure according to the NRCS studies.

The District has conducted several hydrologic and hydraulic studies as part of emergency
management for the dam and downstream areas. These studies include dambreak
analyses of the dam and spillway inundation studies that examines the downstream
flooding limits due to emergency spillway releases.

Due to the lack of thick sequences of unconsolidated and compressible sediments and the
presence of the granitic rock pediment, subsidence due to groundwater withdrawal is not
expected to be an issue at the Spook Hill FRS. It appears that the Spook Hill FRS is
located on the Usery Mountain granitic pediment with bedrock ranging in depth from the
surface to a relatively shallow depth of 23 feet beneath the FRS structure.

Due to the lack of thick sequences of unconsolidated and compressible sediments and the
presence of the granitic rock pediment on which the Spook Hill FRS is founded, earth
fissuring should not be a issue. The nearest ground subsidence-related earth fissure is
about two and one-half miles south of the south end of the FRS.

The Spook Hill FRS is located near an area of active ground subsidence and earth
fissures. However, due to the presence of shallow granite pediment in the FRS area,
earth fissuring is not expected to impact the Spook Hill FRS. Likewise, ground
subsidence at the FRS is expected to be negligible. The Spook Hill FRS should be
included in an area-wide monitoring program because of its proximity to the ground
subsidence area and associated earth fissures.

Post-construction level surveys have been conducted at the Spook Hill FRS in 1979,
1984, 1987, and 1998. The records indicated, when compared to the design crest
elevation, negligible settlement has occurred at the Spook Hill FRS. A comparison of
crest elevation data with the level survey conducted in 1998 show the possible settlement
to range from 0.047 feet to 0.43 feet below design crest elevation while Stations 170+00
and 190+00 show the embankment has heaved from 0.14 to 0.317 feet (Gilbertson &
Associates, 1998).
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Construction of the Spook Hill FRS was accomplished under contract to Mardian
Construction Company. The completion date of the construction of the dam and
landscape treatment is April 10, 1980. Construction observation reports are available for
this dam and include observation reports by ADWR. A review of the project as-built
plans indicated no significant changes were made to the dam design during construction.
Typical dam cross sections show the embankment was constructed symmetrically with
respect to the dam centerline. The cutoff trench centerline was placed on the upstream
side of the dam offset at a distance of 10 ft from the dam centerline.

Field Examination - Spook Hill FRS is inspected on an annual basis jointly by the Flood
Control District and the Arizona Department of Water Resources. The next joint
District/ADWR inspection is scheduled for December 2001.

Longitudinal cracks were observed on the crest of the dam during the July 2000
inspection. All cracks were less than 1/4-inch in width but varied in length from several
feet to 30-ft. During the inspection, 10 longitudinal cracks were located. The location of
these cracks were at the following stations: Sta. 97+05 (thin hairline cracks 30 ft. long);
Sta. 102+00 (hairline crack, brushed to expose crack 1/8-inch wide); Sta. 116+00 (small
crack, 10 inches long, 1/8-inch wide); Sta. 117+00 (4-inch long hole, 2-inch deep —
possibly associated with crack); Sta. 128+50 (hairline crack 2 ft. long); Sta. 139+00
(small hole and 1/16-inch wide crack, found from previous ADWR — Nov. 1999
inspection); Sta. 186+56 (crack from Sta. 186+56 to 188+26); Sta. 188+26 (centerline
crack Ya-inch wide, 20 ft. long); Sta. 201+65 (centerline hairline crack, 25 ft. long, probed
2.5 ft.); Sta. 284+10 (centerline crack with holes); Sta. 233+56 (hole 3’ x 6” at surface,
probed to 22” on downstream side of crest above erosion gully, suspect transverse crack).
No obvious transverse cracks were observed. This is most likely due to the severity of
the slope erosion, which make transverse crack detection difficult.

The upstream and downstream slopes of the embankment are currently undergoing
erosion in the form of gullies and rills. Review of previous inspection reports has noted
the severity of the gullies and rills. The depth of the gullies appears to extend below the
1-foot landscape soil layer that was constructed to establish vegetation on the slopes of
the dam.

The following is a list of recommended corrective actions resulting from the field
examination:

a. Continuing observation should be made of the above mentioned items (erosion of
slopes, longitudinal and transverse cracking),

Evaluate erosion protection of upstream and downstream slopes (rock mulch)
Removal of large diameter abandoned PV C irrigation lines.

Station posts need to have signs on both sides of post facing both directions of travel.
Repair slope erosion gullies on downstream and upstream slopes. Remove
landscaping terraces.

Video and photograph log the interior of the principal spillway conduit.

g. Develop a plan for the repair of transverse and longitudinal cracks.

0 Ao o

=h
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h. Prepare a monitoring plan for tracking the locations of longitudinal and transverse
cracks on as-built plans or similar method.

Recommendations for Further Actions/Investigations — Spook Hill FRS and it’s sister
dams (Signal Butte FRS and Apache Junction FRS) have been and mostly likely will be
subject to continued transverse and longitudinal cracking. The cracking could be
attributable to several factors including embankment desiccation, differential settlement,
ground subsidence, or foundation conditions. A general crack repair plan has been
prepared, however, for Spook Hill FRS, monitoring of the longitudinal cracks on the crest
of the dam is recommended at this time as opposed to any repairs.

It is recommended that the slopes of the embankment for the Spook Hill FRS be repaired
to correct severe erosion. A conceptual slope erosion work plan has been prepared and is
included in the full ISA Report. The work plan summarizes the engineering and
construction phases for repair of the slopes. Basically, plans would be prepared that
provide a typical embankment section that includes embankment slopes of 2:1 upstream
and 2:1 downstream. Protected flora would be containerized and replaced after the repair
project.

It is recommended that a risk assessment be conducted for Spook Hill FRS. The risk
assessment would examine failure modes and the effects/consequences of the failure.
Failure modes that potentially could occur at Spook Hill FRS include breach failure by
piping, or piping along a transverse crack.

It is recommended that an evaluation be conducted to examine the need for a transition
filter (and finger drains) along the longitudinal centerline embankment and key the filter
into the foundation. This recommendation is based on the design and construction of
transition filters for other NRCS earth embankment dams in Maricopa County. Based on
the review of records, embankment cracking was not factored into nor considered in the
original embankment design.

Although limited slope stability analyses were conducted by the NRCS (SCS), KHA
recommends that a slope stability analysis of the exiting dam embankment under various
loading conditions be conducted. The stability analysis can be used with a computer
model such as UTEXAS3. The results of the study will provide factors of safety for the
embankment given the loading conditions anticipated and can be compared against
ADWR rules and ADWR recommended factors of safety for embankment dams.

A hydrologic/hydraulic analysis of Spook Hill FRS should be conducted to confirm that
the dam provides greater than 100-year flood protection. The District completed a
capacity analysis of the reservoir and found that the dam and reservoir could have a
greater capacity than originally designed. It is also recommended that a restudy of the
100-year sediment yield to the impoundment be conducted. A potential reduction in the
sediment yield to the dam from the contributing watershed could provide increased flood
storage capacity. A recommendation is to conduct a site specific PMP for this watershed
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prior to reevaluating the hydrology and hydraulics of the dam. A site specific PMP will
evaluate storm centering on the watershed and storm distribution.

An Incremental Damage Analysis (IDA) could also be performed on this structure. The
purpose of an IDA analysis is to estimate if there would be additional damage to
downstream structures if the dam were to fail during a large storm event over no structure
in place and a large flood event occurring within the watershed.

A detailed inspection procedure, settlement monitoring procedure, earth fissure and
subsidence monitoring procedure, and recommended operation and maintenance
improvements for all District dams were provided in the previous report titled “Policy
and Program Report”.

It is recommended that a utility database be prepared for Spook Hill FRS. The structure
has several utility crossings through, under, or over the embankment. The database
should include at a minimum the type of utility, location of utility crossing, owner of
utility, cross-reference to utility crossing construction plans, and measures to control
piping and seepage.

Conclusions - The overall conclusion of the field examination is that the FRS and
appurtenant structures are in satisfactory operational condition.

4.0 Signal Butte Flood Retarding Structure (NATDAM ID AZ00205; STATE ID
07.6)

The Signal Butte FRS is a structural plan element of the Watershed Work Plan for the
Buckhorn-Mesa Watershed, Maricopa and Pinal Counties, Arizona. The Watershed
Work Plan was prepared by the Natural Resources Conservation Service (NRCS;
formerly the Soil Conservation Service, SCS) in January 1963. The watershed heads in
the southwest-facing slopes of the Superstition Mountains and drains onto a wide alluvial
fan on which valuable agricultural, urban and commercial developments have been
constructed. The watershed is one of three for which concurrent planning efforts were
conducted by the NRCS at the request of the District. The northernmost watershed is the
“Buckhom-Mesa”, the central watershed is the “Apache Junction — Gilbert”, and the
southern watershed is the “Williams-Chandler”.

Signal Butte FRS is located within the City of Mesa. The FRS begins west of Meridian
Road and north of Brown Road. The FRS is about 28 miles east of downtown Phoenix
and approximately 3 miles west of the town of Apache Junction. The project consists of
the FRS structure, principal spillway and an emergency spillway.

Signal Butte FRS is a rolled earthfill structure. The length of the FRS is 7,022 feet with a
maximum height of 38.5 feet and a crest width of 18 feet. The reservoir capacity is 1,365
acre-feet at the emergency spillway crest of 1712.4 ft. The reservoir total capacity is
approximately 2,750 acre-feet at the dam crest elevation of 1721.0 ft. The FRS was
designed with 4.8 feet of freeboard and 175 acre-feet of sediment storage (100-year).
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Signal Butte FRS is accessible off Meridian Road by a padlocked gate. The maximum
recorded impoundment for Signal Butte reservoir is 166 acre-feet with a stage of 13.7
feet at the FRS (January 11, 1993).

The principal spillway is an ungated 36-inch diameter concrete pipe approximately 147
feet long. The design outflow is 160 cfs from the principal spillway. The trash rack is
located on the upstream inlet. The outlet of the principal spillway discharges into a
constructed channel through an outlet structure. A standard impact basin (energy
dissipator) is located on the downstream end of the concrete outlet structure.

The emergency spillway is a reinforced concrete baffle block structure and is located
adjacent to the left abutment of the FRS and 1000-ft from Meridian Road. The spillway
is approximately 140 feet wide with a capacity of 2,450 cfs. The spillway crest elevation
is 1712.4 feet.

Technical Review - Signal Butte FRS was analyzed and designed by the NRCS in the
early to mid-1960’s. The basis of design for the FRS was founded in the NRCS
publication “Technical Release TR-60: Earth Dams and Reservoirs”.

Signal Butte FRS was designed to control the 100-year event using NRCS criteria. This
design storm was used to size the principal spillway, set the emergency spillway crest
elevation, and reservoir volume.

According to ADWR criteria, the Signal Butte FRS Inflow Design Flood (IDF) for
emergency spillway capacity is the %2 PMF. Current (June 2000) ADWR regulations
could change the size classification of the dam. The new size classification combined
with the hazard classification could require that the IDF be changed. This IDF could be
changed to between the 2 PMF and the full PMF. The NRCS, in their hydrologic study
of Signal Butte FRS, has designed the dam not to overtop during the passage of the
freeboard hydrograph, which was based on the full PMP/PMF.

The Arizona Department of Water Resources rules and regulations for jurisdictional
dams classifies Signal Butte FRS as a high hazard, small size dam. NRCS classifies
Signal Butte FRS as a Class C structure.

The original construction of the embankment was completed in July 1987 by Pulice
Construction. The left abutment or east end of the Signal Butte FRS was extended in
December 1988 to tie the end of the dam to the left dike of the Bulldog Floodway. The
purpose of the extension was to provide containment of flood flows from Bulldog
Floodway into the impoundment area for the Signal Butte FRS.

Note that Signal Butte FRS was not constructed with a central longitudinal filter as was
done on several other NRCS structures in the vicinity of Signal Butte (e.g., Apache
Junction FRS, Powerline FRS, Vineyard Road FRS, and Rittenhouse FRS). An HDPE
curtain was constructed in-lieu of the central transition filter.
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There have been no reports of observations of embankment cracking at Signal Butte FRS.
The reason significant cracking has not been observed at the Signal Butte FRS
embankment is thought to be because the external forces, that have initiated cracks in the
other embankments, have not been realized by the Signal Butte embankment. The main
reasons that this embankment does not exhibit major cracking such as Vineyard Road,
Rittenhouse, and Powerline structures is two fold: (1) the dam foundation and, (2) the
cutoff trench has been centered within the dam. Probably the largest factors in not
observing the significant embankment cracking in this structure are the proximity to the
dam foundation to the hard caliche layer, the shallow underlying granite pediment, and
the absence of compressible soil layers along the entire length of the embankment. This
results in less differential regional subsidence and minimizes the potential for settlement
of the native materials between the dam foundation and the caliche layer.

Desiccation cracking still may be an issue for this embankment and the HDPE liner was
installed to minimize loss of water (seepage) and/or piping of embankment material
through transverse cracks, should cracks develop. Desiccation cracking will tend to be
more “superficial” cracking than settlement cracking. Settlement cracks from differential
movement could potentially tear the HDPE liner and lead to distress in the embankment.

A review of the NRCS documentation revealed that the apparent design precipitation for
the Signal Butte FRS for the 100-year, 24-hr storm is 4.05-in; for the ESH - a depth of
7.07-1n; and for the FBH - a depth (PMP) of 15.8-in (for a drainage area of 10.27 square
miles and an emergency spillway width of 140-ft). The emergency spillway crest
elevation used in the DAMS2 model is 1712.4-ft, which is the same elevation depicted on
the as-built construction plans and the elevation-discharge rating curve for Signal Butte.
The maximum water surface elevation for the ESH and FBH in the DAMS2 model was
1715.7-ft and 1720.0-ft, respectively. The peak discharges from the emergency spillway
for the ESH and FBH are 2,450-cfs and 11,300-cfs, respectively.

The District has conducted several hydrologic and hydraulic studies as part of emergency
management for the dam and downstream areas. These studies include dambreak
analyses of the dam and spillway inundation studies that examines the downstream
flooding limits due to emergency spillway releases.

Due to the lack of thick sequences of unconsolidated and compressible sediments and the
presence of the granitic rock pediment, subsidence due to ground-water withdrawal is not
expected to be an issue at the Signal Butte FRS. It appears that, like the Spook Hill FRS,
the Signal Butte FRS is located on the Usery Mountain granitic pediment with bedrock at
a relatively shallow depth (probably less than 200 feet) beneath the FRS structure.

Due to the lack of thick sequences of unconsolidated and compressible sediments and the
presence of the granitic rock pediment on which the Signal Butte FRS is founded, earth
fissuring should not be an issue. The nearest ground subsidence-related earth fissure is
about two and one-half miles southwest of the Signal Butte FRS on the east site of
Double Knoll Hill near the intersection of the Apache Trail at 85" Street.
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The Signal Butte FRS is located near an area of active ground subsidence and earth
fissures. However, due to the presence of shallow granite pediment in the FRS area and
the FRS’s proximity to the pediment edge, earth fissuring should have minimal impacts
on the Signal Butte FRS. Ground subsidence at the FRS is expected to be negligible.
However, the Signal Butte FRS should be included in an area-wide monitoring program
because of its proximity to the ground subsidence area and known earth fissures.

Two post-construction level surveys have been conducted at the Signal Butte FRS.
According to the records indicated, when compared to the design crest elevation,
negligible settlement has occurred at the Signal Butte FRS. The maximum settlement
was plus 0.07 feet with minimum elevation change of 0.15 feet below the design crest
elevation.

Field Examination - Signal Butte FRS is inspected on an annual basis by Flood Control
District personnel. The Arizona Department of Water Resources conducts annual
inspections of Signal Butte FRS. The latest ADWR and District inspection was
conducted in December 2000. The next annual inspection is scheduled for December
2001. Kimley-Hormn inspected the structure in July, 2000.

No longitudinal or transverse cracks were observed during the field inspection conducted
in July 2000. The embankment slopes showed only minor erosion rills.

The following is a list of recommended corrective actions resulting from this field

examination:

1. Continuing observation should be made of erosion of slopes.

j. Station posts need to have signs on both sides of post facing both directions of travel.

k. Monitor and repair when necessary erosion rills on the upstream and downstream
face.

1. Video and photograph log the interior of the principal spillway conduit.

m. Monitor for transverse and longitudinal cracks. Establish crack monitoring program.

Recommendations for Further Actions/Investigations - Signal Butte FRS and it’s
sister dams (Spook Hill FRS and Apache Junction FRS) have been and most likely will
be subject to transverse and longitudinal cracking. The cracking could be attributable to
several factors including embankment desiccation, differential settlement, ground
subsidence, or foundation conditions. A general crack repair plan has been prepared,
however, for Signal Butte FRS, monitoring of the longitudinal and transverse cracks is
recommended at this time as opposed to repair.

It is recommended that a risk assessment be conducted for Signal Butte FRS. The risk
assessment would examine failure modes and the effects/consequences of the failure.
Failure modes that potentially could occur at Signal Butte FRS include breach failure by
piping, or piping along a transverse crack. The risk assessment could evaluate the failure
mode and effects of the HDPE liner to prevent seepage or piping through the
embankment.
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A hydrologic/hydraulic analysis of Signal Butte FRS should be conducted based on
District methods to confirm that the dam provides greater than 100-year flood protection.
The District completed a capacity analysis of the reservoir and found that the dam and
reservoir could have a greater capacity than originally planned. It is also recommended
that a restudy of the 100-year sediment yield to the impoundment be conducted. A
potential reduction in the sediment yield to the dam from the contributing watershed
could provide increased flood storage capacity. A recommendation is to conduct a site
specific PMP for this watershed prior to reevaluating the hydrology and hydraulics of the
dam. A site specific PMP will evaluate storm centering on the watershed and storm
distribution.

An Incremental Damage Analysis (IDA) could also be performed on this structure. The
purpose of an IDA analysis is to estimate if there would be additional damage to
downstream structures if the dam were to fail during a large storm event over no structure
in place and a large flood event occurring within the watershed.

It is recommended that a slope stability analysis be conducted for Signal Butte, Spook
Hill, and Apache Junction flood retarding structures. The stability analysis will evaluate
the embankments (upstream and downstream fills). The results of the analysis can
provide factors of safety of the structures under various hydraulic loading conditions and
compare the results of the analysis with the original design and the current ADWR
recommended factors of safety for embankment dams. Computer programs, such as
UTEXASS3, are suitable for such an analysis.

A detailed inspection procedure, settlement monitoring procedure, earth fissure and
subsidence monitoring procedure, and recommended operation and maintenance
improvements for all District dams were provided in the previous report titled “Policy
and Program Report”.

It is recommended that a utility database be prepared for Signal Butte FRS. The structure
has several utility crossings through, under, or over the embankment. The database
should include as a minimum the type of utility, location of utility crossing, owner of
utility, cross-reference to utility crossing construction plans, and measures to control
piping and seepage.

Conclusions - The overall conclusion of the field examination is that the Signal Butte
FRS and appurtenant structures are in satisfactory operational condition.

5.0 Apache Junction Flood Retarding Structure (NATDAM ID AZ00211; STATE
ID 11.15)

The Apache Junction FRS is a structural plan element of the Watershed Work Plan for
the Buckhorn-Mesa Watershed, Maricopa and Pinal Counties, Arizona. The Watershed
Work Plan was prepared by the Natural Resources Conservation Service (NRCS;
formerly the Soil Conservation Service, SCS) in January 1963. The watershed heads in
the southwest-facing slopes of the Superstition Mountains and drains onto a wide alluvial
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fan on which valuable agricultural, urban and commercial developments have been
constructed. The watershed is one of three for which concurrent planning efforts were
conducted by the NRCS at the request of the District. The northernmost watershed 1s the
“Buckhorn-Mesa”, the central watershed is the “Apache Junction — Gilbert”, and the
southern watershed is the “Williams-Chandler”.

Apache Junction FRS is located within the City of Apache Junction. The FRS begins
1,200 ft west of Apache Trail and ends at 1/4 mile south of McKellips Road and 1/4 mile
west of Idaho Road. The FRS is about 30 miles east of downtown Phoenix and
approximately one mile north of the City of Apache Junction. The project consists of the
FRS structure and an emergency spillway.

Apache Junction FRS is a rolled earthfill structure. The length of the FRS is 8,764 feet
with a maximum height of 22 feet and a crest width of 14 feet. The reservoir capacity is
540 acre-feet at a water surface elevation of 1799.77(emergency spillway crest

elevation). The total capacity is approximately 2,000 acre-feet at a dam crest elevation of
1810.0 ft. The FRS was designed with 10 feet of freeboard and 95 acre-feet of sediment
storage (100-year). Apache Junction FRS is accessible off Apache Trail by a padlocked
gate. The maximum recorded impoundment for Apache Junction reservoir is 15 acre-feet
with a stage of 4.76 feet at the FRS (July 23, 1993).

The principal spillway is an ungated 30-inch diameter concrete pipe approximately 137
feet long. The design outflow is 97 cfs from the principal spillway. The trash rack is
located on the upstream inlet. The principal spillway discharges into a constructed
channel (Bulldog floodway) through an outlet structure and then discharges into the
Signal Butter FRS.

The emergency spillway is a reinforced concrete baffle block structure and is located
adjacent to the north (left) abutment of the FRS. The spillway is approximately 100 feet
wide with a capacity of 1875 cfs. The spillway crest elevation is 1799.77 feet.

Technical Review - Apache Junction FRS was analyzed and designed by the NRCS in
the early to mid-1960’s. The basis of design for the FRS was founded in the NRCS
publication “Technical Release TR-60: Earth Dams and Reservoirs”.

Apache Junction FRS was designed to control the 100-year event using NRCS criteria.
This design event was used to size the principal spillway and reservoir volume. The
hydrology for the emergency spillway design and freeboard design flood is discussed
below in the Hydrology section following NRCS criteria. According to ADWR criteria,
the Apache Junction FRS Inflow Design Flood (IDF) for emergency spillway capacity is
the % PMF. Current (June 2000) ADWR regulations could change the size classification
of the dam. The new size classification combined with the hazard classification could
require that the IDF be changed. This IDF could be changed from between the %2 PMF
and the full PMF. The NRCS, in their hydrologic study of Apache Junction FRS, has
designed the dam not to overtop during the passage of the freeboard hydrograph, which
was based on the full PMP/PMF.

Kimley-Horn and Associates, Inc. Executive Summary Page 13 FCD 98-41
KHA Project No. 091131005 PCN PLAN.01.00




Structures Assessment Program — Phase I Flood Control District of
Individual Structures Assessment Report Maricopa County
Executive Summary

The Arizona Department of Water Resources rules and regulations for jurisdictional
dams classifies Apache Junction FRS as a high hazard, small size dam. The NRCS
classifies the Apache Junction FRS as a Class C structure.

The Ashton Company completed the original construction of the embankment in
December 1988. The original construction of the embankment included the construction
of a longitudinal centerline transition filter. The filter trench is 3.0-ft wide and extends
from the bottom of the cut-off trench to 1.0-ft below the crest of the dam. The "as-built"
filter trench was constructed deeper, approximately 2 to 4-ft deeper, from Stations 33+00
to 45+00, 55+00 to 60+00, and from 97+00 to 100+00. The transition filter was extended
below the cut-off trench to the elevation of a communications conduit at Station 76+50.
The filter was designed in response to embankment cracking at other NRCS structures
located near the Apache Junction FRS. The NRCS and EBASCO, consultant to the
NRCS, assumed that embankment cracking was going to occur and would be handled by
the transition filter. The transition zone would be made of granular cohesionless material
which will maintain a filter zone capable of preventing the migration of embankment
materials. The NRCS has estimated that the embankment transition zone can
accommodate as much as approximately two feet of settlement in the twenty-foot high
embankment. This, combined with the limited depth of the soil layer between the
underlying caliche and the embankment, had led the NRCS to decide to make no
provisions other than to apply extra compaction effort to the foundation materials under
the embankment. No provision of embankment camber to allow for settlement has been
made or considered necessary by the NRCS.

Previous inspection reports have documented observations of longitudinal cracks on the
dam crest along the dam centerline. The first reports of longitudinal cracks on the dam
crest appear in the District's November 1996 inspection report. The cracks appear to be
formed in association with the central transition filter. Recent longitudinal cracks were
observed and noted in ADWR's November 1999 inspection of Apache Junction. These
cracks were located at Stations 81+88, 84+85, 86+00, and 98+60. ADWR probed the
cracks with a steel probe to try to get an indication of the depth of cracking. ADWR also
photographed the cracks and provided the photos as part of their inspection report.

Kimley-Horn conducted an inspection of the dam in July 2000. The inspection included
looking for past reported longitudinal cracks. Longitudinal cracks were located on the
crest at centerline at Stations 81+00 to 82+50, 86+00, and 95+50. One old transverse
crack was observed at Station 36+00 on the downstream and upstream slope. The
transverse crack was probed but to no depth.

A review of the EBASCO documentation revealed that the design precipitation for the
Apache Junction FRS for the 100-year, 24-hr storm is 4.1-in; for the Emergency Spillway
Hydrograph (ESH) - a depth of 7.1-in; and for the Freeboard Hydrograph (FBH)(6-hr
PMP) of 13.7-in and a depth (24-hr PMP) of 15.8-in (for a drainage area of 5.79 square
miles and an emergency baffle block spillway width of 100-ft).
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The District recently completed a restudy of the downstream inundation flooding limits
from discharges from the emergency spillway. The study was completed in July 2000
and was conducted on behalf of the District by Michael Baker Jr. Inc. (FCD Contract No.
98-33). The study limits from upstream to downstream were from the emergency
spillway to the Central Arizona Project canal (a distance of approximately 4.7 miles).
The study examined the inundation limits for spillway discharges for the full PMF, the
2/3 PMF, and the 1/3 PMF. The full PMF emergency spillway discharge used in the
study was 10,500 cfs which is relatively the same freeboard hydrograph emergency
spillway discharge determined by EBASCO in 1986 (10,600 cfs).

Based on the sediment storage investigation, the NRCS estimated that sediment
accumulation in the Apache Junction FRS would be at the rate of 0.21 acre-feet per
square mile per year. The 100-year period sediment volume required was calculated to be
95 acre-feet based on a (1974) drainage basin area for Apache Junction FRS of 6.30
square miles.

Subsidence due to groundwater withdrawal is not expected to be an issue at the Apache
Junction FRS due to the lack of thick sequences of unconsolidated and compressible
sediments and the presence of the granitic rock pediment. Apache Junction FRS is
located on the Usery Mountain granitic pediment with bedrock at a relatively shallow
depth (probably less than 50 feet) beneath the FRS structure.

Earth fissuring at the Apache Junction FRS site and local vicinity should have a low
degree of concern due to the lack of thick sequences of unconsolidated and compressible
sediments and the presence of the granitic rock pediment on which the Apache Junction
FRS is founded. The nearest ground subsidence-related earth fissure is about two and
one-half miles south of the south end of the FRS.

The Apache Junction FRS is located near an area of active ground subsidence and earth
fissures. However, due to the presence of shallow granite pediment in the FRS area and
the FRS’s proximity to the pediment edge, earth fissuring should have minimal impacts
on the Apache Junction FRS. Ground subsidence at the FRS is expected to be negligible.
However, the Apache Junction FRS should be included in an area-wide monitoring
program because of its proximity to the ground subsidence area and known earth fissures.

KHA has plotted the existing available settlement surveys. It should be noted that the
maximum water surface elevation for the PMF was determined by EBASCO Services to
be 1809.4-ft. The minimum top of dam settlement monument was surveyed in 1998 at
Station 44+77 to be 1809.447-ft. The PMF water surface elevation is essentially at the
top of the dam at this location. A PMF flood could potentially overtop the dam.

Field Examination - Apache Junction FRS is inspected on an annual basis by Flood
Control District personnel. The Arizona Department of Water Resources conducts
annual inspections of Apache Junction FRS. The last ADWR and District inspection was
conducted in December 2000. The next annual inspection is scheduled for December,
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2001. Kimley-Horn conducted an inspection of Apache Junction FRS in July 2000. The
following discussion is from the results of that inspection.

Centerline crest longitudinal cracks were observed at Stations 81+00 to 82+50, 86+00,
95+50, and 98+68. Minor erosion rills are forming on the embankment slopes.

The following is a list of recommended corrective actions resulting from this field
examination:

a. Continuing observation should be made of the above mentioned items (erosion of
slopes, monitoring of longitudinal cracks).

Station posts need to have signs on both sides of post facing both directions of travel.
Monitor and repair when necessary erosion gullies on slope faces.

Video and photograph log the interior of the principal spillway conduit.

Develop a plan for the repair of transverse and longitudinal cracks.

Locate, uncover and expose all settlement monuments prior to settlement surveys.
Evaluate the need for finger drains to tie to the central transition filter.

@ Mo ao o

Recommendations for Further Actions/Investigations - Apache Junction FRS and it’s
sister dams (Spook Hill FRS and Signal Butte FRS) have been and most likely will
continue to be subject to transverse and longitudinal cracking. The cracking could be
attributable to several factors including embankment desiccation, differential settlement,
ground subsidence, or foundation conditions. A general crack repair plan has been
prepared, however, for Apache Junction FRS, monitoring of the longitudinal and
transverse cracks is recommended at this time as opposed to any repairs.

It is recommended that a risk assessment be conducted for Apache Junction FRS. The
risk assessment could examine failure modes and the effects/consequences of the failure.
Failure modes that potentially could occur at Apache Junction FRS include breach failure
by piping, or piping along a transverse crack. The risk assessment could evaluate the
failure mode and effects of the transition filter as a crack stopper.

A hydrologic/hydraulic analysis of Apache Junction FRS should be conducted based on
District methods to confirm that the dam provides greater than 100-year flood protection.
The District completed a capacity analysis of the reservoir and found that the dam and
reservoir could have a greater capacity than originally designed. It is also recommended
that a restudy of the 100-year sediment yield to the impoundment be conducted. A
potential reduction in the sediment yield to the dam from the contributing watershed
could provide increased flood storage capacity. A recommendation is to conduct a site
specific PMP for this watershed prior to reevaluating the hydrology and hydraulics of the
dam. A site specific PMP will evaluate storm centering on the watershed and storm
distribution. The hydrologic/hydraulic analysis could confirm that the PMF potentially
could overtop the dam (based on 1998 crest survey data).

An Incremental Damage Analysis (IDA) could also be performed on this structure. The
purpose of an IDA analysis is to estimate if there would be additional damage to
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downstream structures if the dam were to fail during a large storm event over no structure
in place and a large flood event occurring within the watershed.

It is recommended that a slope stability analysis be conducted for Apache Junction,
Spook Hill, and Apache Junction flood retarding structures. The stability analysis will
evaluate the embankments (upstream and downstream fills). The results of the analysis
can provide factors of safety of the structures under various hydraulic loading conditions
and compare the results of the analysis with the original design and the current ADWR
recommended factors of safety for embankment dams. Computer programs, such as
UTEXASS3, are suitable for such an analysis.

A detailed inspection procedure, settlement monitoring procedure, earth fissure and
subsidence monitoring procedure, and recommended operation and maintenance
improvements for all District dams were provided in the previous report titled “Policy
and Program Report”.

It 1s recommended that a utility database be prepared for Apache Junction FRS. The
structure has several utility crossings through, under, or over the embankment. The
database should include at a minimum the type of utility, location of utility crossing,
owner of utility, cross-reference to utility crossing construction plans, and measures to
control piping and seepage.

Conclusions - The overall conclusion is that the Apache Junction FRS and appurtenant
structures are in satisfactory operational condition.

6.0 Closing

A technical review and field examination was conducted for the Spook Hill, Signal Butte,
and Apache Junction flood retarding structures. The technical review consisted of
engineering, geological, and geotechnical reviews of design documents including reports,
studies, and construction plans for each of the four structures. Field examinations of the
dams were conducted in order to assist in the systematic technical evaluations and to
identify and report signs of distress. Recommendations for further District
action/investigations are provided for each dam.

At the present time, all three structures examined as part of the Individual Structures
Assessment Report appear to be in satisfactory operational condition for the design
conditions, criteria, and assumptions under which the dams were constructed. The
District will be faced with ongoing monitoring and potential future repair of transverse
and longitudinal cracks at the Spook Hill, Signal Butte, and Apache Junction flood
retarding structures. Future considerations for District actions include slope stability
analyses for the Spook Hill, Signal Butte, and Apache Junction flood retarding structures
as well as a PMF evaluation of these dam’s hydrologic/hydraulic performance and
downstream hazard conditions.
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The following table provides a summary of the recommendations for further
investigations and studies for Spook Hill, Signal Butte, and Apache Junction FRS.

Dam Safety Inspections

Develop Utility Database

Update Operations and
Maintenance Plan

Prepare Emergency Action Plan
to meet

Minimum requirements of
FEMA 64

Continue Settlement Surveys

o] ] B

o B B
b ] B e

>
>
i

=
>
>

Prepare Subsidence and Earth
Fissure

Monitoring Plan

Conduct Risk Assessment

Conduct Slope Stability
Analyses

Update Hydrologic Models
(100-yr, PMF)

Evaluate upstream/downstream
land use and watershed
conditions

Prepare Future Conditions X X X
hydrologic
model
Conduct Incremental Damage X X X
Analysis
Conduct updated Sediment X X X
Yield Analysis
Conduct updated Reservoir X X X
Capacity Analysis

] B B B
o] B B B
b ] B B

Examine need for transition X
filter along longitudinal
centerline of embankment
Prepare Slope Erosion Repair X X X
Plan
Prepare Work Plan for Repair of X X X
Transverse Cracks
Install settlement monitoring X
monuments (total of 4 at each
cross section)

Conduct Soil Dispersion Tests X
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Section 1.0 Introduction
1.1 Authorization

The Individual Structures Assessment Report was prepared by Kimley-Horn and
Associates, Inc. (KHA) under authorization by the Flood Control District of Maricopa
County (District) through the scope of work for the Structures Assessment Program-
Phase I, Work Assignment No. 3 (Contract FCD 98-41). Kimley-Horn and Associates
retained URS Corporation, and Geological Consultants to assist with the preparation of
the elements of Work Assignment No. 3.

1.2 Purpose

The purpose of the Individual Structures Assessment Report is twofold: (1) to assess the
existing condition of Spook Hill, Signal Butte, and Apache Junction Flood Retarding
Structures; and (2) to recommend actions for further investigations/monitoring of the
structures and develop work plans to repair signs of distress in the structures.

The Individual Structures Assessment Report is a companion report to one other major
report under FCD 98-41, Work Assignment No. 3. This other report is the Alternatives
Analysis Report.

The Alternatives Analysis Report documents an alternatives study for each of the Work
Assignment No. 3 structures. The Alternatives Analysis Report is being prepared
subsequent to the Individual Structures Assessment Report.

1.3 Scope

The Individual Structures Assessment Report is the culmination of an investigation,
evaluation, and assessment of the present condition of the three District structures -
Spook Hill FRS, Signal Butte FRS, and Apache Junction FRS. The investigation was
founded in the scope of work for Work Assignment No. 3, Task 3.0 — Individual
Structures Assessment. Under Task 3.0, Kimley-Horn and Associates reviewed current
dam safety criteria as related to the existing structure and the original dam safety design
criteria. KHA also reviewed the historic dam safety records for each dam to identify and
assess any modifications to the dams related to dam safety. The records review also
included identification of modifications not related to dam safety. The historic records
review included reviewing documents, for example previous inspection reports, to
identify documented potential dam safety signs of distress such as transverse and/or
longitudinal cracking. KHA will recommend methods to reduce, eliminate, or counteract
evidence of distress.

Part of Task 3.0 includes a review of the available technical documentation for each
structure. The purpose of the technical review is to review the historic records related to
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the dam and through this review familiarize the project team with the structure, |
. familiarize the team with the history of the structure, and acquaint the team with the basis

of analysis and design, with the original design criteria and design guidelines, and to

compare versus current state of practice. \

Finally, a field examination was conducted for each structure. The examination was

visual in manner and included the dam embankment and associated features. An \
inspection log was prepared summarizing the results of the field examinations. The

purpose of the field examinations was to familiarize the project team with the existing

field conditions at each structure, to note past signs of distress, and to document any new \
signs of distress.

The assessment of each structure will be based upon the technical review and field
examinations. Recommendations are prepared for each structure for further
investigations and analysis and work plans prepared to counteract, repair, or reduce
distress signs found at each dam.

1.4 Report Organization
The Individual Structures Assessment report is organized into five Parts.

Part I, Section 1.0 - Introduction, provides the project authorization, purpose, Work
Assignment No. 3 scope, and report organization. Section 2.0 — Structures Assessment

. Program Background, provides a general discussion of the Structures Assessment
Program and the three phases of the program. Section 3.0 provides a brief discussion of
the Buckhorn-Mesa Watershed Project.

Part II — Spook Hill Flood Retarding Structure: Section 1 is a description of the dam and
associated features; Section 2 is the technical review conducted of historic dam safety
records; Section 3 describes the results of the field examination and recommendations for
corrective actions, and, Section 4 provides recommendations for further actions and
investigations. Part Il includes an appendix that compares NRCS and ADWR design
criteria and an appendix for the settlement monitoring data.

Part III — Signal Butte Flood Retarding Structure: Section 1 is a description of the dam
and associated features; Section 2 is the technical review conducted of historic dam
safety records; Section 3 describes the results of the field examination and
recommendations for corrective actions, and, Section 4 provides recommendations for
further actions and investigations. Part III includes an appendix that compares NRCS and
ADWR design criteria and an appendix for the settlement monitoring data.

Part IV- Apache Junction Flood Retarding Structure: Section 1 is a description of the dam
and associated features; Section 2 is the technical review conducted of historic dam
safety records; Section 3 describes the results of the field examination and

. recommendations for corrective actions, and, Section 4 provides recommendations for
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further actions and investigations. Part IV includes an appendix that compares NRCS
and ADWR design criteria and an appendix for the settlement monitoring data.

Part V — Closing: is a summary of the conclusions from the Individual Assessment
Report and includes a list of references to technical documents used in the preparation of
this study.
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Section 2.0 Structures Assessment Program
2.1 General

The Flood Control District of Maricopa County (District) recently celebrated their
fortieth anniversary by renewing their mission and commitment to continued excellence
in reducing flood risks for the people of Maricopa County by providing comprehensive
flood and stormwater management services. As part of their continued mission, the
District has embarked on a Structures Assessment Program, the primary objective of
which is to minimize the risk and liability associated with the District’s flood control
dams.

The District owns, operates and maintains twenty-two dry flood control dams and is
mandated by state and federal law to assure the safety of these structures. The District has
initiated a program called the Structures Assessment Program to assess and evaluate these
structures (or dams — used interchangeably) and related features due to an ever-increasing
urbanized environment and to assure continued compliance with current standards,
guidelines, and regulatory requirements. The situation faced by the District is that the
same population protected by the dams can be at risk in the unlikely event of dam failure
or spillway discharge. The District is seeking measures that provide flood control and
that properly manage long term risk. The Structures Assessment Program is intended to
address issues related to urbanization and dam safety as well as to enhance and improve
the District’s ongoing Dam Safety Program.

The purpose of the Structures Assessment Program is to minimize the risk and liability

associated with the District’s flood control dams. Since many of the District dams were

built, there have been a number of changes, which now need to be addressed. These

changes are:

e Structures have aged and some are showing signs of distress,

e Significant urbanization upstream and downstream has occurred and continues at a
rapid pace,

¢ Changes in dam technology and design practices,

e Changes in methodology for determining inflow design flood,

e Significant increase in permit requests for utility and roadway crossings of dams,

e Proposed rule changes by the Arizona Department of Water Resources (ADWR), and,
e Subsidence impacts due to groundwater pumping.

The Structures Assessment Program will address and assess the District’s dam safety
program on several fronts including:

e Dam safety inspections/evaluations,

e Emergency Action plans,

e Impoundment areas and spillway channels,

e Improvements to the overall dam safety program,
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e Future rules and regulatory changes,

e Planning studies to evaluate project options, and

e Flood Control District policy evaluation.

The Structures Assessment Program will be conducted in three phases. Phase I will

primarily involve:

e Collection of data and inspection of dams,

e Develop dam safety recommendations and priorities, considering changes listed
above,

e Perform preliminary alternative analysis studies to modify existing projects to address
urbanization related issues, and,

e Evaluate newly enacted ADWR rule changes and District policy issues.

Phase II will primarily involve:

e Perform detailed investigations and analyses as identified by need and priority in
Phase [,

e Initiate project planning and authorization activities to correct identified distress
issues,

® [mplement changes to overall dam safety program and policies, and,

e Perform conceptual design studies and alternative analyses for modification of
projects to address urbanization and distress issues.

Phase III will primarily involve:

e [mplement projects to correct any identified dam safety concerns. These could
include structural modifications, land acquisitions for spillway discharges, and
alternative, lower risk solutions,

e [mplement approved projects and land acquisitions to address urbanization issues,
and,
e Continue long-term dam safety program.

Phase [ of the Structures Assessment Program is primarily an evaluation and study phase.
The District has retained Kimley-Horn and Associates to provide services to conduct
Phase I evaluations and studies. The first work assignment focussed on four District
dams. Evaluations and studies performed for these dams will initiate the Phase I process.
[t is intended that the first work assignment will be a pilot study from which to establish
initial District dam safety policy and programs, and from which to refine engineering and
planning methods for the Structures Assessment Program. The dams evaluated in the
first work assignment were the Powerline Flood Retarding Structure (FRS), the Vineyard
Road Flood Retarding Structure, the Rittenhouse Flood Retarding Structure, and Cave
Buttes Dam.

A steering committee serves in an advisory capacity to the District’s project manager
concerning the major findings and recommendations of Phase I of the program. The
committee consists of representatives of the District’s planning, engineering, and
operations functions, Arizona Department of Water Resources Dam Safety Section,
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Natural Resources Conservation Service (NRCS), Corps of Engineers, and Bureau of
Reclamation (USBR).

2.2 Structures Opportunities and Challenges

The Flood Control District owns, operates, and maintains twenty-two flood control dams.
The dam impoundments are normally dry and only experience reservoir ponding in
response to rainfall/runoff within their respective watersheds. Figure 2-1 illustrates the

number of District flood control dams constructed year by year.

Figure 2-1. District Dams Constructed by Year.

No. of
Dams

1954 1956 1967 1968 1969 1974 1975 1976 1980 1982 1985 1987 1988 1991 1996

Year

The conditions under which the District dams were originally designed and constructed
are somewhat different from the conditions experienced today. Many structures were
originally built to protect rural, small watersheds and agricultural farmlands from
flooding. Today, these same structures are now providing flood control benefits to an
urban environment. Urbanization has been and is continuing to encroach upon the
downstream areas of the structures as well as into and around the impoundment area
reserved for the pool reservoir. The increased urbanization increases the chances for loss
of life or significant economic damages in the event of a dam failure or spillway
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discharge. An example of encroachment of urbanization is provided in Figures 2-2 and
2-3 for Spook Hill Flood Retarding Structure.

In addition to the aging of dams and urbanization challenges, the dam safety regulatory
environment has undergone changes as well. Dam safety rules, regulations, and design
criteria and requirements, through changes in dam technology/operation, maintenance
knowledge, and dam safety practices and experience, have been strengthened since the
time the structures were originally planned and constructed. Some of the changes in dam
safety regulations are retroactive and may conflict with the original design of the dam.
Changes in dam safety regulations may change the hazard classifications of some dams
from their original classification.

The existing small watershed dams were planned and constructed originally to provide,
as the primary purpose, flood control benefits. In today’s environmentally sensitive
awareness, the structures, reservoir areas, and downstream conveyance corridors are
being looked upon for further and expanded multi-use opportunities. These opportunities
include recreation corridors, riparian and wildlife habitat enhancement, groundwater
recharge, and educational opportunities. These changes in downstream use, as well as
within the reservoir and upstream, have changed the risks associated with the dams.

The local situation and conditions appear to mirror national trends, however there are
some local challenges as well. The District is faced with the same challenges experienced
at the national level, but on a localized level. These include aging of dams, urbanization,
subsidence, desiccation, and, changing dam safety regulations.

Some of the District dams within the next 10 to 15 years will be reaching the end of their
original design life. This does not necessarily mean that the dams have reached the end
of their useful life, but it does point to the need for increased major maintenance activities
and the need to initiate planning for the potential replacement of function. Many of these
structures are showing the effects of aging and changes from the environment such as
subsidence due to groundwater withdrawal. Typical effects included increased
sedimentation, deterioration of concrete structures, and settlement and cracking of
earthen embankments.

Recent inspections of several District dams have revealed transverse and/or longitudinal
cracks on the dams slopes or crests. Examination of dam safety records indicate that
these same structures have had a history of cracking, crack investigations, and crack
repairs. Earth fissures associated with ground subsidence have been documented in the
vicinity of several District dams.
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Figure 2-2. Aerial photograph of Spook Hill FRS showing urbanization
encroachment downstream of the dam and emergency spillway.
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Figure 2-3. Ground level photograph downstream of Spook Hill FRS showing
homes built adjacent to downstream toe of dam and the Central Arizona Project.
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Opportunities facing the District now and in the near future will be the development of a
strong dam safety program and a commitment of District resources to the goals of the
Structures Assessment Program, commitment of qualified personnel with the capabilities
to carry out the Structures Assessment Program and enhanced dam safety program,
application of new dam technologies including incorporating the results of research and
development from the Corps, Bureau of Reclamation, FEMA, and NRCS, and application
of risk-based methodologies to dam safety.

One of the more important opportunities for the District, as part of their Structures
Assessment Program, is the evaluation and assessment of each of their twenty-two flood
control dams and associated features. The assessment of each structure will be conducted
based upon a technical review of each structure’s dam safety documentation and upon an
extensive examination of the existing field conditions found at each dam. Ultimately,
recommendations will be developed for further actions and investigations in regards to
dam safety for each of the District’s dams.
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Section 3.0 Buckhorn-Mesa Watershed Plan Summary

The following section presents a summary of the original plan formulation for the Buckhorn-
Mesa Watershed. The plan formulation is provided in detail in the Soil Conservation Service
(NRCS) watershed workplan (January 1963) prepared under the authority of the Watershed
Protection & Flood Prevention Act (Public Law 566, 83™ Congress, 68 Stat. 666) as amended.
The purpose of this summary is to provide the background information and concepts for the
watershed master planning of the Buckhorn-Mesa watershed. The following discussion is
derived from the original watershed workplan document and is predominately unchanged from
the original version. Minimal effort has been made to update project characteristics or features in
this section with Parts II, II1, and TV of this report (refer to Parts II, ITI, and IV for updated
project features). The purpose of this section is to provide a short background of the
development of the Buckhorn-Mesa Watershed workplan as presented by the NRCS. Section 3.7
marks the last section taken from the NRCS watershed workplan. Section 3.8 was derived from
the District's Internet website for the Buckhorn-Mesa project description.

3.1 Size and Location

The Buckhorn-Mesa watershed is located in eastern Maricopa and northwestern Pinal Counties,
Arizona. Heading in the “rough” Usery, Goldfield and western Flanks of the Superstition
Mountains, the watershed drains onto a wide alluvial fan on which valuable improvements have
been established. It contains portions of the most highly productive irrigated farm land in the
state and is a part of the Salt River Project and the Roosevelt Water Conservation District. This
region, which lies east of Phoenix and Mesa, has undergone a tremendous rate of population and
development growth during the past years. This growth consists of the rapidly expanding urban
and commercial developments along U.S. Highway 60-70-80-89 (Apache Trail) from the City of
Mesa east to the Town of Apache Junction. This highway forms the southern boundary of the
watershed.

The total (original) plan formulation watershed area contains 69,172 acres of which 19 percent is
cultivated farm land, eight percent is urban and commercial, and the remaining 73 percent is
range land. Sixty-eight percent of the watershed is in private ownership, 30 percent is Federal
(15 percent is the Tonto National Forest, and 15 percent is National Land Reserve), and two
percent is state owned.

This watershed is one of three for which the sponsoring local organizations have requested
concurrent planning because part of the flood problem area is affected by all three watersheds.
The northern-most watershed is “Buckhorn-Mesa”, the central watershed is “Apache Junction-
Gilbert”, and the southern watershed is “Williams-Chandler”.

3.2 Sponsoring Organizations

The work plan was prepared by the Flood Control District of Maricopa County, the Board of
Supervisors of Pinal County, the East Maricopa Soil Conservation District, and the Mesa-Tempe
Soil Conservation District, with technical assistance furnished by the United States Soil
Conservation Service (NRCS) and the United States Forest Service.
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3.3 Watershed Problems Prior to Buckhorn-Mesa Structures

From 1910 to 1960, 33 floods, an average of one every two and one-half years, have inundated
agricultural and non-agricultural lands of the watershed. High intensity “cloudburst” type of
storms during July, August, and September and local gentle rains in winter months result in
destructive floods. Flood waters resulting from these storms inundate the rich irrigated farm land
above the Roosevelt Water Conservation District Canal. These floodwaters backed up behind the
Roosevelt Water Conservation District Canal and overflow into the canal in such volume to
cause breaks in the canal banks. Floodwater then poured over high value farm land in the Salt
River Project’s canal system where further damage occurs. These floodwaters also inundate the
rapidly developing residential and commercial area along the Apache Trail and in Apache
Junction.

Past attempts to use flood flows for irrigation purposes on the cultivated acreages have met with
limited success. Under present conditions it is impossible to get the maximum use from the silt
and debris laden waters. They scour and gully existing canals upon their entrance in the canals
and by their uncontrolled nature are of an undependable source of supply to augment other
surface and pump supplies. A dependable silt-debris free supply of water to help preserve present
groundwater levels and maintain present pumping costs is the desire of the local sponsors. This 1s
an area short of water. Manageable flows of floodwaters have been used to some extent in the
past. This supply of water is needed to augment the needs of irrigation. Flood flows from storms
greater than the 20 percent frequency of occurrence cause damage to the irrigation facilities and
cannot be used.

3.4 Physical Data of the Buckhorn-Mesa Watershed

Location - The watershed is located in eastern Maricopa and northwestern Pinal Counties,
Arizona, about 25 - 30 miles east of Phoenix. Heading in the “rough” Usery, Goldfield and
western flanks of the Superstition Mountains, it drains onto a wide alluvial fan on which valuable
improvements have been established. Portions of the most highly productive irrigated farm land
in the state are found in the flood plain and are served by the Salt River Project and Roosevelt
Water Conservation District. It covers a portion of the rapidly-expanding urban and commercial
development along the Apache Trail from Mesa east to Apache Junction. U.S. Highway 60-70-
80-89 (Apache Trail) forms the southern boundary of the watershed.

Land Use and Status - The total (original) watershed area contains 69,172 acres of which
13,232 acres are cultivated farm land, 5,798 acres are urban and commercial, and the remaining
50,142 acres are range land. 47,073 acres of the watershed are in private ownership, 20,819 acres
are Federal (10,637 acres are Tonto National Forest and 10,182 acres are National Land
Reserve), and 1,280 acres are state owned.

Land Resource Units - Land resource units have been used to describe the soil, cover,
topography, geology, and erosion. Resource units delineated in the watershed include the
following:
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Resource Unit Acres % of Area
. Mountains 22,746 33
Valley Slopes 22,131 32
Valley 24,295 35
TOTAL: 69,172 100

Topography - The elevation ranges from 1,200 feet at the Salt River to 5,100 feet in the
Superstition Mountains. The general slope is to the south and west.

The following is a tabulation of average slope variations in the resource units:

Resource Unit Percent Slope
Mountains 5 — vertical
Valley Slopes 3-10
Valley less than 1

Geology - Physiographically, the area is part of the Sonoran Desert section of the Basin and
Range province. The mountains are of granite and comprise the only consolidated material
within the watershed with the exception of beds of caliche and siltstone at lower elevations.

. Gentle alluvial slopes extend basinward from the mountains. In places the upper slopes are
underlain at shallow depths by rock surfaces. The lower alluvial slopes are underlain by caliche
and siltstone at depths from two to 20 feet.

Soils - Soil conditions differ considerably in the watershed. A general description of the soils by
land resource units follows:

Mountains — Soils are shallow, stony, and the texture ranges from loam to sandy loam. In this
area, up to 75 percent is bare rock or boulders.

Valley Slopes — Surface soils are non-calcareous gravelly loams or sandy loams underlain by
either sandy loam, loam, or sandy clay loam. The soils with the sandy clay loam subsoils
generally are underlain at 14 to 30 inches by a strongly cemented lime layer which extends to
undetermined depth.

Valley — These soils are deep loam to clay loams moderately to highly calcareous. Small areas
of soils have a strongly cemented lime layer at depths of 14 to 30 inches.

Vegetation and Range Condition

Mountains — The dominant species are cacti, paloverde, algerita, scrub oak, and mesquite.
Range condition is poor.
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Valley Slopes — Vegetation is desert shrub with scattered grasses. Shrub species are creosote
bush, paloverde, mesquite, ironwood, burr sage, and cacti. Perennial grasses are generally
lacking. Annual grass species are six-week fescue and three-awn. Range condition is poor.

Valley — Most of this area is cultivated cropland. Crops grown are citrus, vegetables, alfalfa,
cotton, and grain sorghums. Vegetation on the uncultivated area is mainly shrubs with a light
overstory of trees. In wet years there is a heavy cover of annual grasses. Perennial grasses are not
present. The shrub species are creosote bush and burr sage with an overstory of mesquite. The
annual species are six-week fescue and mustard. The condition of this uncultivated area is poor.

Stream Channels - There are no perennial streams in the watershed. Channels in the mountains
are well defined but meander and disappear when they reach the valley slopes and valley.

Climate - The climate in the watershed area varies from semi-arid to dry. The mean annual
precipitation varies from eight inches in the irrigated lands in the western portion of the
watershed to 13 inches in the rugged mountain country to the east. Precipitation during July,
August, and September averages three inches in the western portion of the watershed, and five
inches during the same period in the eastern portion. Climatic data from the Weather Bureau
station at Mesa is typical of the western portion of the watershed and climatic data from the
Mormon Flat station is typical of the eastern portion.

During July, August, and September, late afternoon or early evening thunderstorms may occur in
a very brief period. These storms are associated with moist tropical air that flows in the state
from the Gulf of Mexico. The maximum daily precipitation recorded at Mormon Flat occurred in
August 1930, and amounted to 4.49 inches. These rare storms often make the difference between
a wet and dry summer.

3.5 Watershed Problems

The following is excerpted from the NRCS watershed work plan. The quantities and dollar
figures are based upon original plan formulation (in 1963 dollars).

Floodwater Damages - Floodwaters have over the past years seriously affected the economy of
the watershed. From 1910 to 1960, 33 floods, an average of one every two and one-half years, of
varying magnitude have occurred damaging agricultural lands, residences, retail-commercial
establishments, roads, highways, and other physical appurtenances. During this period, 21 floods
occurred in the summer months and 12 during the winter months. Runoff from heavy rains in the
years 1926, 1930, 1941, 1943, 1946, 1954, and 1959 caused particularly serious damage in the
watershed.

Floodwaters from the watershed’s drainage area flow in a south-southwest direction, not only
inundating lands within the watershed, but lands to the south in the Apache Junction-Gilbert
Watershed.

Runoff from the watershed during the storm of 1954 inundated 5,750 acres of highly productive
cultivated land. This storm was of a magnitude which would recur once every 17 years. Damage
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to this land was extensive. Loss of cotton yields on the 1,840 acres of cotton land amounted to
1,290 bales. This loss spread out over a ten-year period amounts to two percent of gross receipts
or six percent of net receipts each year. In addition to the actual cotton lost, 417,680 pounds of
cotton seed were rendered useless for further processing. The floodwaters of this storm damaged
690 acres of vegetable land. Some 640 acres of alfalfa hay and seed land were inundated. The
tonnage of alfalfa lost from this one storm alone would support 525 head of cattle for one year.

The total evaluated damages to crops and pastures from this 1954 storm amounted to an
estimated $300,000.

The effects of a storm to be expected once every 100 years (one percent event) would seriously
affect the economy of the area for a number of years. Some 9,700 acres of cultivated land would
receive flood damage. Loss of cotton yield alone would amount to 2,200 bales. Cotton seed
rendered unusable would amount to 715,000 pounds. This one percent event would deposit water
on the first floor of some 400 residential and commercial units. Total damages from a storm of
this magnitude in the area would approximate two and one-half times that of the 1954 event.

In addition to these direct damages there are considerable indirect losses as a result of flood
inundations. Flood flows over U.S. Highway 60-70-80-89 disrupt traffic some three to four
hours. Traffic flow on this interstate highway is estimated at 7,430 vehicles per day at the present
time. Loss of income to businessmen and other enterprises within the watershed is substantial. A
flood during the height of the tourist season, for which this area is noted, can seriously affect
income of individual owners of motels, trailer courts, and others depending on this trade. The
cotton gins in and around the area report delays in processing and loss of income due to reduced
yields because of flood flows. Delays in harvesting the citrus crops affect transportation
schedules as well as profits to citrus growers.

Flood damages to the type of agricultural and non-agricultural economy of the area are difficult
to measure in terms of adverse effects to the state and nation. They are nonetheless present. They
reduce the need for on-farm labor over the short and long term. Floods reduce the potential
earning power of the watershed’s population and thereby reduce investments in capital goods
and services.

The agricultural lands east of the Roosevelt Water Conservation District Canal served for the
most part by private wells, suffer the heaviest flood damages in the watershed. The Roosevelt
Water Conservation District Canal offers some degree of protection to cultivated lands west of
the canal. Of the 5,750 acres inundated in the 1954 storm, 3,960 acres are located east of the
canal where flood flows are unabated. The remaining 1,790 acres of cultivated land damaged by
this flood are located in the flood plain of the Apache Junction-Gilbert Watershed.

Flood flows during this 1954 storm varied from four inches to three feet in depth throughout the
residential and commercial areas east of the Roosevelt Water Conservation District Canal. This
residential and retail-commercial area has in the past five to ten years undergone a tremendous
growth. If a storm the magnitude of the 1954 event were to recur, it is estimated that 1,080 units
or 3,600 people would be directly affected. The extent of damages to these properties varies from
extensive first floor damage down to small washouts in driveways and on lawns. Of the 1,080
units, it is estimated that 140 would suffer heavy damage from floodwater on first floors.
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This type of damage results in losses to wall to wall carpeting. Tile floors are warped and ruined
from the floodwaters. The dry wall construction found in most of these homes has to be
reworked and repainted. Extensive damages to yards and outside features are sustained. The
1954 flood washed away the majority of yards containing fine, brightly colored gravel used in
many yards. The estimated total damage includes the damages sustained to 35 miles of county
and state roads. A number of these roads were eroded some three to four feet as a result of this
flood inundation.

Of deep concern to local residents are the effects of floods or threat to future residential and
commercial development in the watershed. On the basis of the flood characteristics of the 1954
storm, an analysis was made as to the magnitude of damages to these future developments. It is
estimated that within a ten-year period an additional 4,050 homes and stores will be susceptible
to damage.

Sediment Damages - Deposition of sediment on alfalfa fields has a smothering effect on the
plant. This smothering effect can cause losses up to two cuttings, depending upon the severity of
such action. On-farm irrigation ditches and laterals are filled with sediment when breached by
flood flows. This causes additional loss of crop yields due to the inability of providing proper
amounts of irrigation water through reduced ditch capacity. Sediment deposition on fields
prevents proper distribution of irrigation water and causes additional crop damage. Farmers are
also faced with the problem of releveling fields after heavy sediment deposition.

Fine silts and other material carried by the flood flows entering homes ruin wall to wall
carpeting. Sediment deposition in privately owned wells not only necessitates the removal of
sediment and cleaning of wells, but presents an unsatisfactory health condition for the
community by contaminating drinking water. This condition is further aggravated by overflow of
septic tanks and sewage disposals into homes and wells. This problem, if not alleviated, will
seriously deter the areas’ potential for development.

Deposition of sediment on county roads and U.S. Highway 60-70-80-89 during the 1954 flood
presented a formidable cleanup problem to county and state highway crews. Deposition occurred
on 35 miles of county and state roads during this storm. As the area develops, this type of
damage will increase in magnitude.

Erosion Damages - Scouring of cultivated fields necessitating fill and releveling occurred
during the 1954 storm. Since 400 acres suffered this type of damage from the 1954 storm,
immediate remedial action was necessary by farmers to maintain proper irrigation grades.

3.6 Projects Of Other Agencies

The Bureau of Reclamation has constructed the Central Arizona Project. The Salt-Gila Aqueduct
of the Central Arizona Project crosses the watershed in a southeasterly direction approximately
three miles east of the Roosevelt Water Conservation District Canal, and is complimented by the
structural works of improvement as proposed by this plan. Considerable savings were afforded
the aqueduct in providing flood protection and drainage. The local office of the Bureau of
Reclamation has concurred in the formulation of structural measures outlined in this work plan.
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3.7 Basis For Project Formulation

The project objectives of the local people are to: (1) alleviate damage to highly productive
irrigated lands within the watershed, (2) alleviate inundations of residences, retail-commercial
properties, roads and highways, (3) protect the existing Salt River Project and Roosevelt Water
Conservation District’s canals and on-farm irrigation facilities, (4) reduce flood plain scour and
erosion, (5) afford protection to lands now undergoing rapid urbanization, and (6) make better
use of floodwater for agricultural purposes.

The final site selections for the three (originally four) floodwater retarding structures were based
on providing maximum protection for the existing flood plain developments and still permit the
expected expansion of these developments into protected areas. This involved a determination of
the approximate size of area needed for future expansion, topographic and geologic conditions of
the sites, comparative costs and benefits and other related factors.

3.8 Works Of Improvements Installed

The following discussion regarding the works of improvements installed is a summary of the
watershed workplan project structural features. The description was obtained from the District's
Internet website for the Buckhorn-Mesa project.

Structural Measures - Three floodwater retarding structures (Spook Hill, Signal Butte, and
Apache Junction FRSs) and four floodways (Spook Hill, Signal Butte, Bulldog, and Apache
Junction floodways) were constructed as part of the Buckhorn-Mesa watershed project. The
dams were constructed in series with interconnecting floodways with one common outlet to a
safe disposal point (Salt River). A debris basin and division box were constructed in the common
outlet floodway so as to safely utilize the floodwater originating in the watershed for irrigation
purposes. These flood retarding structures and associated floodways are as follows:

Spook Hill FRS and Floodway with Debris Basin

The Spook Hill floodwater retarding structure was constructed above the Apache Trail and the
New Bush Highway. This structure provides floodwater protection from the one percent event. It
has a total storage capacity of 1,217 acre-feet, with 900 acre-feet allocated to floodwater storage
and 317 acre-feet allocated to a 100-year accumulated sediment storage. The FRS is
approximately 4.11 miles long and has a maximum height of 23 feet. An emergency spillway
with a width of 260 feet and capacity of 4,800 cubic feet per second (cfs) is located on the north
end of the embankment. The maximum release rate from the 7.5-ft x 7.0-ft reinforced concrete
box principal spillway is approximately 808 cfs.

The Spook Hill floodway, 2.0 miles long, conveys floodwater from the Spook Hill FRS to the
Southern Canal and the Salt River. Floodwaters from the floodway and a wash will be conveyed
into a debris basin immediately above the Southern Canal. Floodwaters may be released into the
canal through a division box with gates or continue through the Spook Hill floodway to the Salt
River.
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The debris basin has a total capacity of 48 acre-feet of which 40 acre-feet are allocated to
floodwater storage and 8 acre-feet are for sediment. Its purpose is to remove sediment from
water used for irrigation. There will also be a division box in conjunction with the debris basin so
as to accomplish the diversion of floodwater releases from the structures into the Southern canal.

Signal Butte FRS and Floodway

The Signal Butte floodwater retarding structure was constructed above the Apache Trail near the
Maricopa-Pinal County line. This structure will provide floodwater protection from the one
percent event. It will have a total storage capacity of 1,540 acre-feet, with 1,365 acre-feet
allocated to floodwater storage and 175 acre-feet allocated to a 100-year accumulated sediment
storage. The FRS is approximately 1.33 miles long and has a maximum height of 38.0 feet. An
emergency spillway with a width of 140 feet and a capacity of 2,450 cfs was located on the east
end of the embankment. The maximum release rate from the 36-inch diameter reinforced
concrete pipe principal spillway will be 160 cfs.

A floodway 1.6 miles long will convey floodwater from the 36-inch diameter reinforced concrete
pipe principal spillway to the Spook Hill FRS. This floodway is lined with reinforced concrete
with a stilling basin at the lower end and has a capacity of 1,200 cfs.

Apache Junction FRS and Floodway

The Apache Junction floodwater retarding structure was constructed north of the Town of
Apache Junction. This structure will provide floodwater protection from the one- percent event.
It has a total storage capacity of 635 acre-feet with 540 acre-feet allocated to floodwater storage
and 95 acre-feet allocated to a 100-year accumulated sediment storage. The FRS is 1.66 miles
long and has a maximum height of 22 feet. An emergency spillway with a width of 100 feet and
a capacity of 1,875 cfs is located on the southeast end of the embankment. The maximum release
from the 30-inch reinforced concrete pipe principal spillway is approximately 97 cfs.

The Bulldog floodway, 1.4 miles long, conveys floodwaters from the 30-inch reinforced concrete
pipe principal spillway west to the Signal Butte FRS. This floodway is lined with reinforced
concrete with a stilling basin at the lower end and has a capacity of 4,700 cfs.

Pass Mountain Diversion and Outlet consists of a 1.2 mile long earth embankment and a

2,800-foot outlet that drains floodwaters from a four square mile area downstream to the Signal
Butte FRS.

The original Buckhorn-Mesa project proposal included construction of a FRS on Weekes Wash
with an adjoining floodway that would outfall into the reservoir behind Apache Junction FRS.
This has not been constructed.
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Section 1.0 Description of Dam

The Spook Hill Flood Retarding Structure (FRS) is a structural plan element of the
Watershed Work Plan for the Buckhorn-Mesa Watershed, Maricopa and Pinal Counties,
Arizona. The Watershed Work Plan was prepared by the Natural Resources
Conservation Service (NRCS; formerly the Soil Conservation Service, SCS) in January
1963. The watershed heads in the southwest-facing slopes of the Superstition Mountains
and drains onto a wide alluvial fan on which valuable agricultural, urban and commercial
developments have been constructed. The total original watershed area of Buckhomn-
Mesa is 89,983 acres. The watershed is one of three for which concurrent planning
efforts were conducted by the NRCS at the request of the District. The northernmost
watershed is the “Buckhorn-Mesa”, the central watershed is the “Apache Junction —
Gilbert”, and the southern watershed is the “Williams-Chandler”.

1.1 Purpose of Dam

The Spook Hill FRS is one of three flood retarding structural measures designed and
constructed under the watershed work plan. The other flood retarding structures are the
Signal Butte FRS and the Apache Junction FRS. The purpose of the Spook Hill FRS is to
provide flood and erosion control benefits for downstream developments (agriculture,
commercial and urban areas). The Spook Hill FRS was designed to control runoff from
the 100-year event and the full PMF.

1.2 Dam Location and Features

Spook Hill FRS is located within the City of Mesa. The FRS parallels the Central
Arizona Project canal and begins 1/2 mile north of McDowell Road (at Power Road) and
ends at 1/4 mile south of Brown Road and 1/4 mile east of Hawes Road. The FRS is
about 22 miles east of downtown Phoenix and approximately eight miles west of the City
of Apache Junction. Figure 1-1 provides a location map of Spook Hill FRS. The project
consists of the FRS structure, principal spillway, and an emergency spillway. The project
is part of the Buckhorn Mesa Watershed Protection and Flood Prevention Project, which
includes the Signal Butte and Apache Junction flood retarding structures. The Flood
Prevention Project was prepared, designed, and constructed by the U.S. Department of
Agriculture, Natural Resources Conservation Service.

The reservoir behind the FRS is 232 acres with a capacity of 900 acre-feet. A permanent
pool will not be retained in the reservoir, instead, the FRS and reservoir are designed to
trap floodwater and store it only for as long as it takes to release it slowly and safely
downstream. Reservoir capacity is then restored to handle a future flood.

The emergency spillway is located near the north (right) abutment of the FRS.
Construction of the FRS and appurtenant structures was completed in April 1980.
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1.3 Physical Features

Spook Hill FRS is a rolled zoned earthfill structure. The length of the FRS is 21,712 feet
with a maximum height of 23 feet and a crest width of 14 feet. The reservoir capacity is
900 acre-feet at the emergency spillway crest elevation of 1582.0. The reservoir capacity
is approximately 4,000 acre-feet at a maximum water surface elevation of 1591.0 feet.
The FRS was designed with 6.3 feet of freeboard (top of dam minus maximum water
surface) and 317 acre-feet of sediment storage (100-year). Spook Hill FRS is accessible
off Brown Road by a padlocked gate. The maximum recorded impoundment for Spook
Hill reservoir is 80 acre-feet with a stage of 6.74 feet at the FRS (January 11, 1993).

The principal spillway, approximately 60 feet long, consists of a gated 7-ft 6-in by 7-ft 0-
in concrete box with an uncontrolled overflow at elevation 1577.5 feet. The design
outflow is approximately 808 cfs from the principal spillway. The trash rack is located
on the upstream inlet gatewell assembly. The gatewell assembly has a 24-in by 24-in
slide gate. The outlet of the principal spillway discharges into a tapered sloped-bottomed
energy dissipator. The outlet discharges to the Spook Hill Floodway (another structural
element of the Buckhorn-Mesa Watershed Project). The Floodway eventually discharges
through a sediment basin near the Salt River and then into the Salt River.

The emergency spillway is a reinforced concrete drop structure and is located near the
principal spillway and 925-ft from the north (right) abutment of the FRS. The spillway is
260-ft wide with a discharge capacity of 4,800 cfs at maximum water surface elevation of
1584.7 feet. The emergency spillway crest elevation is 1582.0-feet.

The inflow design flood under the current ADWR licensing is the %2 PMF.
Station markers are located every 500-ft along the downstream crest of the FRS. A series
of staff gages is located on the upstream slope adjacent to the principal spillway.

Settlement monuments are located along the crest and downstream toe of the FRS.

Table 1-1 provides a summary of the physical structure data for Spook Hill FRS.
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Table 1-1. Spook Hill Flood Retarding Structure Physical Data.

ITEM (NATDAM ID AZ00175 | PHYSICAL DATA :
~ STATEID07.50) o e
Drainage Area 114 sqmi
Storage Capacity
Sediment 317 af
Floodwater (100-yr) 900 af
Total 1,217af
Surface Area
Floodwater Pool 232 ac
Volume of Fill 1,500,000 cy
Elevation Top of Dam 1591.0 ft
Maximum Height of Dam 23.0 ft
Length of Dam 411 mi
Freeboard 6.3 ft
Emergency Spillway
Inflow Design Flood (Design FBH) PMF (NRCS)
Crest Elevation 1582.0 ft
Bottom Width 260 ft
Type RC Drop
Percent Chance of Use 1
Emergency Spillway Hydrograph
Storm Rainfall (6 hr) 5.81in
Spillway Capacity 4,800cfs
Freeboard Hydrograph
Storm Rainfall (6 hr) 13.0 in
Principal Spillway
Conduit (reinforce concrete box) 7-ft 6-in by 7-ft box
Length of Conduit 60 ft
Gated Outlet Elevation 1574.5 ft
Ungated Crest Elevation 1577.5 ft
Capacity at Elev Emergency Spillway 808 cfs
Time to release less than 10 days
Class of Structure (NRCS) C
Hazard Classification (ADWR) High
Size of Dam (ADWR) Small
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Figure 1-1. Buckhorn-Mesa Watershed Flood Retarding
Structures.
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Section 2.0 Technical Review

The purpose of the technical review is to review the engineering records related to the
dam, it’s construction, and through this review familiarize the project team with the
structure, familiarize the team with the history of the structure, and acquaint the team
with the basis of analysis and design. The review also provides for a review of original
design criteria and design guidelines. The final design was compared, to the extent
practical from review of existing and available records, to the original design and design
guidelines.

This section of the report presents a discussion of the dam design criteria under which the
dam was originally constructed versus the ADWR dam safety rules and regulations for
jurisdictional dams. This section also includes a discussion of the record modifications to
the dam that were constructed as related to dam safety issues and modifications to the
dam that are not directly dam safety related . A discussion is presented that focuses on
past dam safety signs of distress.

This section of the report also presents a review of the technical documentation for the
structure. The review of the technical documentation was limited to the available reports,
studies, investigations, construction plans and as-builts, specifications, and office
correspondence collected as part of this study. The purpose of the review of the technical

. documents is to assist in the engineering assessment of the structure. The technical
document review, along with the field examinations, provided a basis to evaluate the
structure regarding operational adequacy, structural stability, and dam safety rules and
regulations.

\2.1 Dam Design Criteria

Spook Hill FRS was originally analyzed and designed by the NRCS in the early to mid-
1960’s. The hydrology for the structure has been updated several times in the late 1970's
and mid-1980's by the NRCS to account for planning considerations for the Buckhom-
Mesa structures (flood retarding structures and floodways). The basis of design for the
FRS was originally founded in the NRCS publication ‘“Engineering Memorandum EM-
27” which is the precursor manual to “Technical Release TR-60: Earth Dams and
Reservoirs” the present NRCS design guideline for earth dams. The FRS has been
analyzed and designed according to TR-60.

Appendix A (of this Part II) provides a summary of the original NRCS design criteria
(based on TR-60) for the dam and compares the criteria against ADWR dam safety rules
and regulations for jurisdictional dams. Spook Hill FRS was designed to detain the 100-
year event using NRCS criteria. This design event was used to size the principal spillway
and reservoir volume. The hydrology for the emergency spillway design and freeboard
design flood is discussed below in the Hydrology section following NRCS criteria.

. According to ADWR criteria, the Spook Hill FRS Inflow Design Flood (IDF) for
emergency spillway capacity is the % probable maximum flood (PMF). Current (June

Kimley-Hom and Associates, Inc. Part 1l Page 2- 1 FCD 98-41
KHA Project No. 091131005 PCN PLAN.01.00




Structures Assessment Program — Phase I Flood Control District of

Individual Structures Assessment Report Maricopa County
Part I Spook Hill FRS
. 2000) ADWR regulations could change the size classification of the dam. The new size

classification combined with the hazard classification could require that the IDF be
changed. The IDF could be changed to be between the %2 PMF and the full PMF, or to the
full PMF. The NRCS, in their hydrologic study of Spook Hill FRS, have designed the
dam not to overtop during the passage of the freeboard hydrograph, which was based on
the full PMP/PMF (see below — Hydrology).

2.2 Dam Classification

The NRCS in their TR-60 guidelines uses a three-category “hazard” classification
system. The three categories or classes are established to permit the association of

criteria with the damage that might result from a sudden major breach of the earth dam
embankment.

The NRCS classifies the Spook Hill FRS as a Class C structure. Class C structures are
structures located where failure may cause loss of life, serious damage to homes,
industrial and commercial buildings, important public utilities, main highways, or
railroads.

The Arizona Department of Water Resources rules and regulations for jurisdictional
dams classifies Spook Hill FRS as a high hazard, small size dam. Current ADWR
I Regulations could change the size classification of the dam.

2.3 Structure Modifications Related to Dam Safety

The original construction of the embankment dam was completed in April 1980.
Construction was completed at the same time for installation of landscaping treatments
and underground irrigation for the Spook Hill FRS. The landscaping treatment included
providing seed mixes on the embankment slopes and borrow areas as well as planting of
native trees and cacti (both off-slope). The purpose of the landscaping treatment and
irrigation system was to reduce or minimize embankment slope erosion that has been
experienced at other NRCS embankment dams in the vicinity as well as to attempt to
reduce the rate of embankment desiccation and therefore, embankment cracking. The
irrigation system installed as part of the landscaping treatment has since been turmed off
and is no longer in use. The system basically has been abandoned in-place. Remnants of
the irrigation system were visible during the recent field inspection of the dam
(September 2000). A review of the office correspondence and construction reports (from
the District and ADWR) indicates that the irrigation system has a history of breakage and
failure. Failures and breakage of the irrigation system have caused severe slope erosion of
the embankment. The NRCS office correspondence includes discussions in which the
NRCS agreed to turn off the irrgation system at Spook Hill FRS as the effect of the
system of minimize embankment desiccation was not confirmed and whether the
approach was actually effective in reducing or minimizing embankment cracking.
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2.4 Structure Modifications Non-Dam Safety Related

The "as-built" record drawings for Spook Hill indicate two City of Mesa waterlines were
relocated as part of the original construction of the embankment. The waterlines are 12-
inch (in) cast iron water pipes and are located in Usery Pass Road and Hermosa Vista
Drive. The waterlines pass under the dam and do not extend into the foundation or
embankment. The waterlines have been encased in reinforce concrete with 20-ft on
center 5-ft 6-in by 7-ft 6-in anti-seep collars. The Usery Pass waterline also has a 2-in
gas pipe encased adjacent the waterline. Plans were reviewed for a 15-in sanitary sewer
that cross under Spook Hill FRS at Hermosa Drive. The sewer becomes a 16-in ductile
iron pipe encased in reinforced concrete as it passes under the dam.

Various utilities have been constructed in the Brown Road crossing of the Spook Hill
FRS. These utilities include a Mountain States telephone 1/3-in direct buried cable, three
City of Mesa waterlines (one 20-in and two 36-in diameter waterlines), and two Sait
River Project 5-in diameter conduits. The as-built plans for the 20-in waterline indicates
that the waterline crossing of the dam included three cutoff collars. None of the utility
plans indicated if the waterlines were encased either by an outer pipe or by reinforced
concrete. :

Other utility crossings of Spook Hill FRS occur at Lost Dutchman Road (Brown Road in
Maricopa County) and McDowell Road. Indications of these crossings are documented
in ADWR Office of Dam Safety files and District files. It is recommended that an
extended research be conducted of all District dams for documented utility crossings.

The database should include at a minimum the type of utility, utility owner, size of utility,
depth of utility, encasement types, cross reference to dam, construction plans and
specifications, and permits.

Other modifications or repairs to the structure included ongoing slope erosion repairs and
hydroseeding. District records of these types of maintenance activities are not detailed
sufficiently to indicate the limits and extent of hydroseeding and slope erosion repair.

2.5 Dam Safety Signs of Distress

Previous inspection reports for Spook Hill FRS indicates that the structure has been and
continues to be subject to minor transverse and longitudinal cracking. Inspection reports
for Spook Hill FRS were reviewed from the latest report (including ADWR and District)
of November 1999 back to October 1987. KHA also conducted an inspection of Spook
Hill FRS in September 2000 and found several longitudinal cracks on the crest of the
dam along the structure longitudinal centerline. These cracks have a very small crack
width (on the order of 2-mm or less). The September 2000 inspection, however, did not
locate all previously reported transverse and longitudinal cracks. The noted previous
cracks may have been covered with soil and therefor have not manifested themselves for
visual observation. District inspection reports are available at the District. ADWR has
provided the District with recent ADWR dam safety inspection reports for Spook Hill
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FRS. The inspection log from the September 2000 inspection conducted by KHA is
provided as part of Section 3.0 of this Part II. Note that Spook Hill FRS was not
constructed with a central longitudinal filter as was done on several other NRCS
structures in the vicinity of Spook Hill (e.g., Apache Junction FRS, Powerline FRS,
Vineyard Road FRS, and Rittenhouse FRS). The extent of longitudinal cracking
observed in the September 2000 inspection was not severe. This statement is based on
local observations of other NRCS structures such as Rittenhouse FRS and Vineyard Road
FRS were cracking, both transverse and longitudinal, are relatively more frequent,
deeper, and wider in size. :

Previous inspection reports have also noted severe erosion rills and gullies that have
formed on both the downstream and upstream embankment slopes. The erosion is
extensive and makes discovery of transverse cracks on the embankments difficult. The
erosion has extended below the 1-foot topsoil terracing that was constructed as part of the
original landscaping treatment for the dam. The inspection report for the September 2000
inspection is included in Section 3.0 of this Part IT and includes inspection photographs
that illustrate the slope erosion.

The September 2000 inspection and previous ADWR inspection reports have noted
transverse cracking in the concrete control sill of the emergency spillway structure.
These cracks extend the full height of the face of the sill and appear to be spaced
equidistantly. Observed cracks widths are very small (on the order of 1mm or less).

2.6 Review of Technical Documentation

Hydrology- The Buckhorn-Mesa Watershed Project was outlined in Part I, Section 3.0.
The structural elements of the watershed project include three flood retarding structures
and several interconnecting floodways. The three flood retarding structures capture and
impound stormwater from their respective upstream watersheds. The floodways
(Bulldog, Signal Butte, and Spook Hill) convey the discharges from the principal
spillways of the dams and also serve to intercept stormwater from their respective
upstream drainage areas. The interception of stormwater is accomplished through the use
of side inlets into the floodways. Discharges from the principal spillway of Apache
Junction FRS are conveyed into the Bulldog Floodway which then discharges into the
impoundment for the Signal Butte FRS. Discharges from the principal spillway of Signal
Butte FRS are conveyed into the Signal Butte Floodway which then discharges into the
impoundment for the Spook Hill FRS. Discharges from the principal spillway of Spook
Hill FRS are conveyed into the Spook Hill Floodway, which then ultimately discharges
into the Salt River. Figure 1-1 located in Section 1.0 of this Part provides the layout of
the Buckhom-Mesa structures and floodways.

The NRCS designed the Spook Hill FRS to control the 100-year storm event. NRCS’s
determination of the 100-year precipitation and runoff was based on the procedures in the
NRCS “National Engineering Manual — Section 4 — Hydrology” and the requirements of
TR-60 for a Class C hazard structure. The NRCS used three design hydrographs to size
the dam. The principal spillway hydrograph (PSH) is the hydrograph used to determine
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the minimum crest elevation of the emergency spillway. It is used to establish the
principal spillway capacity and determine the associated minimum floodwater retarding
storage. For a Class C structure, the PSH is based on the one hundred-year precipitation
(P100). The emergency spillway hydrograph (ESH) is the hydrograph used to establish
the dimensions of the emergency spillway. For a Class C hazard structure, the ESH is
based on a watershed precipitation depth according to the following formula: {Po0 +
0.26(PMP - P1g)}. The freeboard hydrograph (FBH) is the hydrograph used to establish
the minimum settled elevation of the top of the dam. It is also used to evaluate the
structural integrity of the spillway system. For a Class C hazard structure, the FBH is
based on a watershed precipitation depth for the probable maximum precipitation (PMP).

The original hydrologic analysis for Spook Hill FRS is summarized in NCRS's 1963
Watershed Work Plan report titled “Buckhorn-Mesa Watershed — Maricopa and Pinal
Counties, Arizona”. The hydrographs for the 1963 emergency spillway hydrograph
(ESH) and freeboard hydrograph (FBH) were based on precipitation depths of 4.0-in and
10.0-in, respectively (6-hr) (NRCS, 1963: Table 3 - Structures Data). The hydrology for
Spook Hill FRS was revised by the NRCS from the original hydrology during the time
period from approximately the mid-1970's to the late 1970's. NRCS used the TR-20
hydrograph computer program to develop the inflow to the dam from the contributing
upstream watershed. The hydrology was revised due to changes in project structure
elements and revised drainage subbasin limits. A review of the NRCS documentation
revealed that the apparent design precipitation for the Spook Hill FRS for the 100-year,

- 24-hr storm is 3.81-in; for the ESH - a depth of 5.6-in; and for the FBH - a depth (PMP)
of 13.0-in (for a drainage area of 13.56 square miles and an emergency spillway width of
260-ft). A TR-20 model was located in the NRCS documentation that provides both the
input and output from the model for the ESH and FBH design storms. The emergency
spillway crest elevation used in the model is 1582.0-ft which is the same elevation
depicted on the as-built construction plans and the elevation-discharge rating curve for
Spook Hill. The maximum water surface elevation for the FBH in the TR-20 model
matched the maximum water surface elevation depicted on the as-built plan rating curve
(1584.7-ft) NRCS, Spook Hill Design Vol. 3 - Final Design).

The NRCS documentation regarding the hydrologic analysis conducted for Spook Hill
FRS contains what appears to be a number of preliminary TR-20 input and output
printouts. It could not be determined specifically from the documents if a complete final
design TR-20 was included in the documentation that includes full input and output for
the PSH, ESH, and FBH design hydrographs. Specific final analysis of watershed
parameters such as subbasin delineations, curve number development, rainfall depth and
rainfall distribution, and routing parameters were not readily apparent in the NRCS
documents.

The emergency spillway was designed by routing the emergency spillway hydrograph
through the spillway. The starting water surface for routing the emergency spillway
hydrograph through the reservoir is at the elevation of the sediment pool or at the water
surface elevation after 10 days of drawdown, whichever is higher. According to TR-60,
the emergency spillway for Class C structures is not to be used during the 100-year event.
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The freeboard hydrograph for Class C structures are routed through the reservoir starting
at the same water surface elevation as for the emergency spillway hydrograph.

The NRCS peak inflow for the full PMP into Spook Hill FRS is approximately 21,000 cfs
with an outflow discharge of 18,340 cfs.  The PMF will not overtop the structure
according to the NRCS studies (NRCS, Spook Hill Design Vol. 3 - Final Design).

Spillway Inundation Studies — The Flood Control District completed several spillway
inundation studies of Spook Hill FRS. Lowry & Associates completed the first study in
August 1985. The Lowry study was based on a 100-year storm inflow. Outflow
hydrographs were developed using the modified Puls method to route flow through a
reservoir assumed full before the 100-year event. Spillway overflows into the
downstream floodplain were simulated with a two-dimensional model to determine
maximum expected flooding depths, maximum expected runoff velocities, and maximum
expected Froude numbers. The Lowry study used flood retarding basin inflow
hydrographs developed by the NRCS for the 100-year inflow hydrograph. The Lowry
study provides (Lowry, 1985: Figure II-I) the inflow hydrograph for the 100-year event
into the dam. The peak inflow is approximately 12,000 cubic feet per second (cfs). The
Lowry report does not provide, however, the documentation of the 100-year hydrology,
reservoir stage/storage/discharge curves, or other hydrologic parameters for the 100-year
event. '

- The Lowry study and report includes mapping of the downstream inundation area for the
100-year spill in the emergency spillway. The maps depict depths of inundation based on
depth ranges (6-in to 12-in; 12-in to 24-in; and over 24-in), flow velocities (based on
velocities of 4 feet per second and over 10 feet per second), and areas having Froude
numbers greater than one.

McLauglin-Kmetty Engineers (MKE) conducted a second study in October 1990. The
analysis presented the results of a study to determine the magnitude and extent of
flooding downslope of the Spook Hill FRS (into the City of Mesa) that would occur from
either the passage of the Probable Maximum Flood (PMF) through the emergency
spillway or a breach of the earthen embankment due to piping failure. The flood
inundation analysis was part of technical documentation that was furnished to the
Maricopa Department of Civil Defense and Emergency Services to prepare an emergency
preparedness plan for the dam. |

MKE reviewed the NRCS design hydrology for Spook Hill FRS, which resulted in
reevaluation of the inflow flood for the purposes of the inundation study. The PMF was
selected as the most critical inflow flood, and the PMP was determined by the procedures
in Hydrometerological Report No. 49 (HMR No. 49). The alignment of the as-built
Signal Butte Floodway changed from the alignment that was assumed during the design
of the Spook Hill FRS and that change resulted in a reduction of drainage area from
13.57 square miles to 11.42 square miles. For the PMF, the MKE study assumed that the
Signal Butte Floodway would be contributing 2,100 cubic feet per second into the Spook
Hill FRS impoundment prior to the onset of the PMP. For that condition, the water level
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in the impoundment is at elevation 1583.4 ft at the start of the PMF. The contribution

from the Signal Butte Floodway is a more severe PMF condition than was assumed by
the NRCS.

MKE used the HEC-1 computer program to develop the PMF and to route the flood
through the principal and emergency spillways. The PMF peak inflow was estimated as
52,150 cfs with a maximum water surface elevation of 1590.86 ft. The MKE report
states that the PMF does not result in an overtopping of the earthen embankment and
therefor failure by overtopping was not deemed to be a critical flood inundation
condition.

A two-dimensional computer program was used to model the PMF emergency spillway
release. The Diffusion Hydrodynamic Model (DHM) was able to model unsteady
backwater effects, ponding, and channel-floodplain interfaces.

The MKE report provides a summary of their review of the NRCS design hydrology. In
their summary, MKE states that the NRCS used the TR-20 model to compute flood
hydrographs. Inthe TR-20 model, the watershed was divided into nine subbasin ( No. 14
through 22). In that watershed delineation it was assumed that all runoff from subbasins
14 through 17 was diverted to the Spook Hill FRS by the Signal Butte Floodway. That
assumption may have been based on a preliminary design concept for the Signal Butte
Floodway in regard to discharge capacity, channel freeboard, or berms along the
floodway. A second analysis by NRCS was preformed with a separate NRCS program
(DAMS2) that was used for spillway sizing, and in that analysis the watershed was
modeled as a single basin. The TR-20 subbasin model of the watershed resulted in a
peak inflow estimate of 47,315 cfs while the other, single basin model resulted in a peak
inflow 0f 38,045 cfs. The NRCS subsequently used the results of the single basin model
analysis to size the emergency spillway and to set the dam crest elevation. Some of the
NRCS model input was not accepted by the MKE study for a PMF analysis because the
existing conditions of the watershed were different from those that were assumed by the
NRCS at the time of design, or because current flood hydrology standards have changed
since the NRCS design hydrology was performed.

The MKE review of the NRCS hydrology resulted in the recommendation that the
following deviations from the NRCS hydrology be used for estimating the PMF:

1. The rainfall time distribution should be from HMR No. 49.

2. PMF discharges from subbasins 14 through 16 cannot be conveyed to the
Spook Hill FRS by the Signal Butte Floodway with the floodway as
constructed. This results in a reduction of the effective area for the PMF that
can drain directly to the Spook Hill FRS impoundment.

3. The initial condition for the PMF should include a discharge of 2,100 cfs
(maximum capacity) from the Signal Butte Floodway to the Spook Hill FRS.

MKE stated that documentation could not be obtained on the development of the NRCS

design rainfall. However, copies of TR-20 output indicate that 13.0 inches of rainfall was
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. applied according to the NRCS 6-hour emergency spillway and freeboard volume
adjustments and storm distributions. MKE computed the 6-hour local storm PMP to be
12.8 inches. The HMR-49 rainfall distribution is much more intense that the NRCS
rainfall and this resulted in a larger peak discharge at the dam than the NRCS inflow
design flood. MKE modeled with HEC-1, the NRCS and HMR-49 distribution to verify
the NRCS design hydrology and HMR-49 distribution to develop the full PMF for the
MKE study. MKE provided a summary of the results of their hydrologic investigation
which are reproduced in Table 2-1 and 2-2 below.

Table 2-1. Flood Hydrology Conditions*.

A 13.0 NRCS 13.57 Dry
B 12.8 HMR-49 13.57 Dry
C 12.8 HMR-49 1142 2,100 ofs inflow

* Table II-5 from MKE report

Table 2-2. Results of Flood Hydrology Review Using HEC-1 and Comparlson

w1th the TR—20 Results*
Area (sq mi) 13.57 13.57 13.57 13.57 11.42
Rainfall 13.0 13.0 13.0 12.8 12.8
(in)
Runoff 10.28 9.84 9.67 9.58 9.68
(in)
Inflow volume 7,438 7,122 7,001 6,935 6,987
(af)
Peak Discharge 38,045 47,315 45,440 61,010 52,150
(cfs)
Time to Peak 3.00 3.26 2.75 2.67 2.75
(brs)
Peak Spill
(cfs)
Em Spillway B C 15,280 18,130 19,560
Prin Spillway B C 1,070 1,090 1,100
Embank Overtop B C 0 0 0
Combined 18,340 C 16,350 19,220 20,660
Time to Peak Spill 4.25 C 4.00 3.75 3.67
(brs)
Max, Water Surface 1,589.69 C 1,589.5 | 1,589.37 1,590.86
Elevation (ft) : '
. *Table II-6 from MKE report ( B: spillway rating deviates from Table [I-3 in MKE report; C: Routing was for a different
spillway configuration than was finally used)
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The MKE study produced flood inundation maps prepared from the DHM model output.
The maps prepared provide the time of arrival of the peak discharge downstream from the
emergency spillway, provide personal hazard zones which are areas where the flow depth
is two-feet or greater, or where the product of the flow depth times the velocity is seven
or greater, provide maximum depth contours, and maximum velocity contours.

Dambreak Analysis - MKE also conducted, as part of their Flood Inundation Study, a
dam breach analysis for Spook Hill FRS. Due to the length of the dam, three locations
for embankment breach were selected to be representative of different downgradient
flood inundation scenarios that could be expected. These scenarios are:

1. (Location A) is near the embankment's northern end where the principal
spillway conduit passes through the dam embankment;

2. (Location B) is near the embankment mid-length with a maximum
embankment section and having extensive urbanization downslope of the
dam;

3. (Location C) is near the embankment's southern end.

The piping breach hydrographs were estimated by application of the BOSS Breach
program. Geotechnical information from the NRCS dam design documentation was
I’ analyzed, and sensitivity analyses of the breach parameters were conducted.

Since one of the objectives of the dam breach analysis study was to estimate the
downslope flood potential from a breach in the dam, the location of piping breaches was
selected by considering both the location of likely piping breaches and also the
downslope consequences of such breaches. The centerline profile of the dam was
surveyed in order to evaluate if any settlement had occurred, which could affect the
maximum hydraulic head on the embankment. The maximum measured variance from
the design dam crest (elevation 1591.50 ft) is about 0.5 ft at Station 110+00 (elevation
1,591.03 ft) which was considered to be insignificant.

The MKE study assumed that the Spook Hill FRS is impounded to the elevation of the
emergency spillway crest (1,582.0 ft) in order to develop a piping breach. This is
because in order for a piping breach to occur, impounded water must be maintained at a
sufficient elevation for a duration long enough to initiate a flow path through a structural
deficiency in the embankment, resulting in the formation of a flow path and piping
breach.

For Locations A and B, a breach peak discharge of 9,730 cfs and 1.0 hour failure time
was estimated by MKE with the use of the Breach program. For Location C, a breach
peak discharge of 6,670 cfs was estimated. The lower peak discharge at Location C is
attributed to a lower hydraulic head on the breach at Location C (12 ft) as opposed to 15
ft at Locations A and B. MKE provided breach outflow hydrographs for the three breach

. locations.
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MKE accounted for and evaluated the effect of the Central Arizona Project canal on
breach hydrographs. The CAP canal is parallel with the embankment and is just
downslope from the dam. MKE assumed for the piping breach analysis that the
embankment breach dumps a large quantity of earthen embankment into the CAP canal
resulting in the instantaneous plugging of the canal. The effect will cause the canal
discharge (2,750 cfs) to break out of the canal and to join with the breach release. MKE
had superimposed the CAP canal breakout hydrograph on the piping breach hydrographs.
The combined breach and CAP breakout hydrographs for Locations A and B and for
Location C was input to the appropriate DHM models for the flood inundation analyses.

MKE provides in their report, breach personal hazard zones (breach flood inundation
maps) for each breach location from the results of the DHM modeling. Location A
contains five personal hazard zones. The maximum calculated velocity is 11.5 ft per
second and the maximum depth is 5.4-ft. Location B has a small area within a personal
hazard zone. The maximum depth for Location B is 1.8-ft and the maximum velocity is
7.4 ft. There is a long narrow personal hazard zone immediately downstream of the
breach at Location C, which encompasses a mobile home community and residential
dwellings. The maximum flow depth is 2.1 ft and the maximum velocity is 8.8 ft per
second.

Sedimentation - The sediment storage requirements for the FRS is based on local stock
pond surveys, studies of sediment sources, and factors that influence sediment yields.
The major sources of sediment is from all areas above the dam site. Based on the
sediment storage investigation, the NRCS estimated that the sediment storage
requirements for the 100-year period was estimated at 317 acre-feet for the Spook Hill
FRS.

Capacity Analysis - In March 1997, the District reanalyzed the capacity for the Spook
Hill FRS based on new aerial topographic mapping provided as part of FCD Contract 93-
51. The District developed new stage-storage-area curves and computed the time to
evacuate a full impoundment pool. The District study found the crest of the emergency
spillway elevation to be 1583.86 ft (NAVD 1988) which is a gage height of 16 ft for a
storage capacity of 1391 ac-ft. The time to drawdown this volume of water was
estimated at 5.5 days assuming no inflow into the impoundment or clogging of the
principal spillway.

A District analysis conducted in July 1997 compared the design capacity versus the _
March 1997 computed capacity. The design emergency crest elevation is 1582.2 ft while
the FCD 93-51 study determined the crest elevation to be 1583.86 ft or a difference of
1.66 ft. The design capacity of Spook Hill FRS at the emergency spillway crest is 846
ac-ft while the District study estimated the capacity to be 1,391 ac-ft or an increase of 64
percent. The October 1990 Flood Inundation Study discussed above provided a capacity
rating table in the HEC-1 model for Spook Hill FRS. The rating table prov1des for
elevation 1582 ft a reservoir capacity of 902 ac-ft.
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Section 4.0 of the Part II provides recommendations for further investigations and
analyses for Spook Hill FRS. A discussion is presented recommending a new 100-year
HEC-1 hydrologic model for Spook Hill be prepared based on the revised rating curves
developed by the District as a result of the aerial mapping provided under Contract FCD
93-51.

Geotechnical/Geological - Regional Geology
Regional Geology

The Spook Hill FRS is located within the Sonoran Desert section of the Basin & Range
Physiographic Province near the boundary with the Mexican Highlands Section. The
latitude and longitude of the center part of the structure is approximately 33°27°27”N and
111°40°27°W based on NAD 83 datum. This portion of the Basin and Range Province is
characterized by northwest, north, and northeast trending mountains that rise abruptly to
form broad, elongated, deep, sediment-filled valleys produced by block faulting and
folding (Geological Consultants Inc., 1999) during past episodes of mountain/basin
bounding fault movements (Cooley, 1977). The section boundary is defined on the north
and northeast by the McDowell, Usery, Goldfield and Superstition Mountains and on the
south by the Phoenix Basin.

The McDowell and Usery Mountains are composed of pre-Cambrian granitic and
metamorphic rocks including granite and schist that is often overlain by early to middle
Tertiary sedimentary and volcanic rocks. The Goldfield and Superstition Mountains are
composed primarily of Tertiary volcanic rocks consisting of andesite, rhyolite, latite and
dacite flows and tuffs. The bedrock is also locally overlain by Quaternary age (younger
than 1.6 million years ago (mya)) alluvium. The Phoenix Basins, formed by the down
faulted blocks, have been partially filled with material eroded from the higher
surrounding mountain ranges. With incision of the Salt River and tectonic disturbances
in Tertiary time, subsequent stream rejuvenation, combined with climatic changes in -
early Quaternary time, terraces were developed along the Salt River. These terraces are
reportedly buried under valley fill deposits downstream in the Phoenix Basin (Pewe,
1978; Ertec-Westemn, 1981).

Alluvial materials deposited in the basins consist of heterogeneous unconsolidated
mixtures of clay, silt, sand, and gravel which locally contain cobbles and boulders (See
Figure 2-1). Near the mountain fronts the older alluvial deposits are commonly well
cemented with caliche to a rock-like consistency.

This alluvial material grades from coarser to finer grained with increasing distances from
their sources in the surrounding mountains and are variably cemented by calcium
carbonate. Rock hills and knobs protrude through the alluvial materials (USBR, 1982 &
1986) as evidenced by Double Knolls, located south of Spook Hill FRS. During the
Pleistocene Epoch when climatic conditions were much wetter than current conditions,
the alluvial basins were charged through the percolation of excess water flows. This
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initial charging created large groundwater basins with abundant groundwater resources
that in turn have influenced greatly recent development in south central Arizona.

Regional Seismicity

No discussion of seismicity and faulting was presented in the original geotechnical report
prepared by the NRCS (formerly the Soil Conservation Service), (1975). A discussion of
regional seismicity and faulting was presented in the Phase I Inspection Report prepared
for ADWR by Ertec-Western Inc. (1981). A comprehensive evaluation of Arizona
seismicity for the development of seismic maps for the State of Arizona was conducted
for the Arizona Department of Transportation (ADOT, 1992). The ADOT data base was
used to prepare the following description of seismicity and faulting that might potentially
impact the Spook Hill FRS.

Historic seismicity within a 100-mile radius of Spook Hill FRS is documented for the
period from 1776 through May 2000 (Dubois et al, 1982; U.S.G.S., 2000). Earthquake
epicenter locations are depicted on Figure 2.2. Fault structures identified from recent
work by ADOT (1992) are depicted on Figure 2.3 for faults within a 100-mile radius
from the FRS and on Figure 2-4 for structures within a 25-mile radius. Tables
summarizing the seismic source zones or faults, along with their length, estimated
displacement, and associated maximum credible earthquake are provided in Table 2-3
and Table 2-4.

Spook Hill FRS is located in the Basin and Range Province in the southwestern portion
of Arizona, including Maricopa County and portions of Pinal County, and is astride the
seismotectonic zone boundary separating the Sonoran Seismotectonic Zone and the
Arizona Mountain Zone (ADOT, 1992) (Figure 2-2 & 2-3). These zones represent
distinct coherent crustal blocks with varying degrees of seismic activity and their own
characteristic earthquake potentlal The following paragraphs, excerpted from ADOT
(1992), describe the zones’ seismotectonic characteristics:

Sonoran Seismic Source Zone: The Sonoran seismic source zone encompasses
approximately 58,900 square miles in southwestern Arizona, southeastern California, and
Mexico. The Sonoran zone is characterized by small, scattered mountain ranges
[Harquahala Mountains, Big Horn Mountains, Gila Bend Mountains, Maricopa
Mountains, South Mountain, Phoenix Mountains, White Mountains, Sierra Estrella
Mountains, Sand Tank Mountains and San Tan Mountains] and large flat plains and
valleys [Harquahala Plains, Hassayampa Plain, Rainbow Valley, Salt River Valley,
Paradise Valley, and Chandler Basin]. Some of these ranges and valleys are locally
aligned but overall the province has no preferred directional trends. Mountains constitute
approximately 20 percent of the total province area and are generally surrounded by
broad pediments indicating relative geomorphic maturity. Elevations range from
approximately 500 feet to 1,500 feet in the valleys to about 3,000 to 4,000 feet in the
mountainous areas. Generally, local relief rarely exceeds 2,500 feet and is generally
about 1,000 to 2,000 feet.
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. Geodetic data suggests the Sonoran zone is tectonically stable compared to the
tectonically active regions in California (Burford and Gilmore, 1982). The
geomorphology of river terraces along the Colorado and Gila Rivers provides longer-
term verification of this tectonic stability (Schell and Wilson, 1982; Arizona Public
Service Company, 1974) indicating no substantial crustal warping during late Quaternary
time.

Although the Sonoran zone exhibits basin-and-range-type geologic structure, it has not
experienced extensive block-faulting typical of the tectonic regime since Pliocene and
possibly late Miocene time (Schell and Wilson, 1982; Menges, 1983). Presently, the
zone has very little tectonic activity. Earthquakes are rare and of small magnitude and
the faults are very minor. The Sonoran zone is relatively aseismic compared to adjacent
zones to the northeast and southwest. The largest historical earthquake within the
Sonoran zone was the magnitude 5.0 event that occurred in the southem part of the zone
in 1956. The maximum credible earthquake is estimated to be My, = 6.5 although events |
this large should be exceedingly rare. \

In this zone there are only a few young faults and these are very minor features. Except
for the Sand Tank fault, most of these faults are in proximity to the Colorado River |
Trough near Blyth, Needles, and Topock. These faults are short (two to eight miles) and |
discontinuous with low, subtle scarps indicating low rates of activity and small- ‘
magnitude earthquakes. For determining the zone recurrence interval, earthquakes of
. magnitude 6 were assumed to have been associated with these surface ruptures. The age
of these events are poorly constrained but they appear to have occurred over the latter
part of the Quaternary. Assuming that they occurred within the past 10° years, the
average recurrence for the zone as a whole would be about 25,000 years. In addition to
such events associated with surface rupture, similar recurrences should be expected for
random earthquake events.

In summary, the Sonoran zone represents a nearly stable block between tectonically
active regions to the northeast and southwest. The zone can be distinguished by 1ts
paucity of earthquakes, few short Quaternary age faults, mature physiography, and thin
crust.

Arizona Mountain Zone: Spook Hill FRS is less than 5 miles southwest from the
boundary of the Arizona Mountain Zone. This zone has an area of about 38,000 square
miles and forms an arcuate belt around the southern margin of the Colorado Plateau and
the Plateau margins seismotectonic zones. The Arizona Mountain Zone encompasses a
variety of mountain ranges, plateaus, and valleys between the relatively flat, high
elevation Colorado Plateau to the north and the lower elevation Sonoran Zone to the
southwest. Geomorphic features (mountains and valleys) were produced by erosional
down cutting related to regional uplift and extensional block faulting (ADOT, 1992).

Rock units exposed within the mountainous areas are composed of nearly every rock type

. in the state. Predominant rock types are Precambrian igneous and metamorphic rocks
and Mesozoic through Tertiary age volcanic and sedimentary rock. The wide variety of
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rocks is a direct result of uplift, extensional faulting, and erosion of the fault blocks
exposing the deeper and older basement crystalline rocks that the overlying stratigraphic
sequence.

Major neotectonic (post-Miocene age) faults, typical of the Basin and Range tectonic
style, lie near the valley margins and separate down-dropped valley blocks. This zone
has abundant hot spring activity and a high heat flow. The rate of faulting is slow. Major
down faulted block structures are Aubry Valley, Chino Valley, Verde Valley, Tonto
Basin, northern San Pedro Valley, northern San Simon Valley, Lordsburg Basin, and San
Augustin Plain. In Arizona, major faults and their corresponding fault block structures-
generally trend north-northwesterly and northwesterly. Faulting is characterized by
several young Quaternary age northwest-southeast trending normal faults such as those
found in the Verde Valley and Chino Valley located north of Prescott, Arizona.

Seismicity in this zone includes small and moderate magnitude earthquakes. The largest
recorded earthquake (magnitude 5.2) epicenter occurred near Prescott in February 1976.
The maximum earthquake associated with this zone’s characteristic fault, the Big Chino
Fault, is expected to be about magnitude 7.25. The maximum random earthquake, not
considering discrete fault zone seismic sources, is expected to be about magnitude 6.75.
Recurrence intervals determined from field investigations are estimated to be 20,000 to
30,000 years (ADOT, 1992) '

Two other seismotectonic zones are within a 100-mile radius of the Spook Hill FRS
including:

*  Southwestern Plateau Margin Zone
» Southeastern Plateau Margin Zone

Southwestern Plateau Margin Zone: Spook Hill FRS is approximately 73 miles
southwest from the boundary of the Southwestern Plateau Margin Zone. The southern
margin of the zone is near the Mogollon Rim, a prominent escarpment marking the edge
of the Colorado Plateau physiographic province (ADOT, 1992).

Rocks of the zone primarily comprise upper Paleozoic and lower Mesozoic sedimentary
rock and volcanic rocks that are of predominantly Cenozoic age including those of the
Pliocene and Pleistocene Epoch.

The Southwestern Plateau Margin Zone has numerous neotectonic faults. These faults
comprise numerous minor features of short length to several major lengthy faults with
relatively small displacement. The largest of these faults are the Sinyala-West Kaibab
- system and the Bright Angel system.

Seismicity of the zone is one of the more active in Arizona with about the same number
of earthquakes as the Arizona Mountain Zone. The largest recorded event was the 1959
Fredonia earthquake of about magnitude 5.6. Reanalysis of the 1912 Grand

Canyon/Marble Canyon earthquake resulted in an estimated magnitude of 6.2. There is
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no evidence of modern surface faulting in the zone. The maximum credible earthquake is
estimated to be about M, = 6.5.

The Southwestern Platean Margin seismic source zone is characterized by low-activity
Quaternary age faults and moderate seismicity. It is differentiated from the Arizona
Mountain Zone by is physiography and lower rate of faulting activity, and from the
Southeastern Plateau Margin zone by its higher seismicity and more numerous
neotectonic faults.

Southeastern Platean Margin Zone: At its closest point, the Spook Hill FRS is
approximately 70 miles southwest from the boundary of the Southeastern Platean Margin
Zone. The southern margin of this zone extends from the central part of the Mogollon
Rim eastward to the Rio Grande Rift zone in New Mexico. (ADOT, 1992).

Rocks of this zone are similar to those found in the Southwestern Plateau Margin zone.
Cenozoic age volcanic rocks occur in three major fields: the Springerville, the Zuni-
Bandara, and Mount Taylor volcanic fields.

- Similar to the Southwestern Plateau Margin Zone, the Southeastern zone has several
neotectonic faults that are expressed in the same northeast and northwesterly intersecting
pattern. Very few Quaternary faults are known to exist in this zone. This may be partly
due to some faults being covered by extensive late Quaternary age volcanic flow (ADOT,
1992). This seismic source zone is characterized by low to moderate historical
seismicity. There has been no earthquake with a magnitude in excess of five. The
maximum credible earthquake is estimated to be about My, = 6.5.

In summary, the zone is characterized by young volcanic activity, a low to moderate level
of seismicity, and few Quaternary faults (ADOT, 1992).

Table 2-3. Summary of Faults & Fault Zones Wlthln 25 Miles of Spook Hlll ERS.

;,Selsmlc Source Zone or: Fault : Length (miles) - Dlsplacement ot 24 Earthquake:-
“ ; R 1 = Longest _ La:t_esg_v Slip5 ‘.5._-: ‘Maximum
Nnmber A me/Locatlon N Zone e Segment o ége " |'Rate . Credible
Sugarloaf Peak Fault
141 20 miles West of Roosevelt Dam, | 6 3 H - 6.75
AZ
Rolls Fault:
142 20 miles Southwest of Roosevelt | 6 3 LM & - 6.5
E/P
Dam, AZ
* See Figures 2-3 and 24 for a listing of abbreviations and meanings.
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Table 2-4. Summary of Faults & Fault Zones Within 100 Miles of Spook Hill FRS.

Flood Control District of
Maricopa County

Seismic So

urce Zone or Fault

Length (miles)

Displacem:

ent.

_ Earthquake

: Nu_m_ber

| Name/Location

Zone

- Longest

Latest

S!ipv .
Rate’ -

Maximum

| Credible

21

Railrbé&/V efdé RIVCT -
9 miles North-Northwest of
Cottonwood, AZ

12

;| Segment .

Age(1)

?

6.75

22

Verde Fault:
Southwest side of Verde Valley,
Yavapai County, AZ

38

17

H/L

0.01 to
0.05 -
um/year

725

25

Prescott Valley Grabens:
10 miles North-Northwest of
Prescott, AZ

LM

0.07t0 0.2
mm/year

6.5

36

Sand Tank Fault;
7 miles E-Southeast of Gila Bend,
AZ

0.01 to
0.04
mm/year

6.5

91

Date Fault:
Northwest of Wickenburg near
town of Date, AZ

6.5

92

Wagoner:
20 miles northeast of Wickenburg,
AZ

6.5

93

Lake Pleasant: )
North of Lake Pleasant, 36 miles
N-Northwest of Phoenix, AZ

6.5

123

Munds Park Fault Zone-North
Segment: 5 miles West of
Flagstaff, AZ

15

7.5

M/E

7.0

129

Chavez Mountain Faults:
40 mi. SE of Flagstaff, AZ; SE
Side of Chavez Mts.

25

10

6.75

130

Turret Peak Fault:
22 miles South of Camp Verde, AZ

Qy

6.75

131

East Verde River Fault:
14 miles West of Payson, AZ

6.75

132

Deadman Creek Fault Zone:
30 miles Northeast of Carefree, AZ

11

6.75

133

Horsehoe Dam Fault Zone (Tangle
Peak Fault): 18 miles Northeast of
Carefree, AZ

13

7-8

L/M

0.007
mmn/year

6.75

134

Seven Springs Fault:
13 miles North of Carefree, AZ

6.5

135

Carefree Fault:
5 miles East of Carefree, AZ

6.5

136

Alder Creek Fault Zone:
26 miles Northwest of Roosevelt
Dam, AZ

Qy

6.5
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Seismic Source Zone or Fault Length (miles)_ Displacenient | Earthquake
. Longest Latest Slip | Maximum

Number | Name/Location Zone Sggflent Age(1) | Rate Credible
Tonto Basin-Northwest Fault:

137 Southwest Side of Roosevelt Lake, | 9 3 ? - 6.5
AZ -
Tonto Basin-Central Fault (Punkin

138 Center Fault): 10 mi. NW of 3 2 ? - 6.5
Roosevelt Dam, AZ
Two Bar Mountain (North & .

139 South): 2 miles Southeast of 2 - ? - 6.5
Roosevelt Dam, AZ
Gold Gulch Fault-West Branch:

140 SW Side Roosevelt Lake, 11 to 24 | 6 - : ? - 6.5
mi. NW of Globe, AZ
Sugarloaf Peak Fault:

141 20 miles West of Roosevelt Dam, |6 3 H - 6.75
AZ
Rolls Fault:

142 20 miles Southwest of Roosevelt 6 3 Ié//i\)d & - 6.5
Dam, AZ
Miami Fault:

143 West side of Miami, AZ 12 - ? - 6.75
Picketpost Mountain Fault:

144 7 miles West of Superior, AZ 2 ) ? ) 6.5
China Wash Scarp:

145 6 miles Northeast of Florence, AZ |3 - ? - 6.5
Muscal Creek:

146 Muscal Mountains, 16 miles 3 - ? - 6.5
Southeast of Globe, AZ
Antelope Flat Scarps:

147 28 miles East of Globe, AZ 3 - ? - 6.5
Mammoth Fault:

148 22 miles Southeast of Hayden, AZ |9 - ? - 6.5
San Manuel Fault:

149 8 miles East of San Manuel, AZ 4 2 ? - 6.5

* See Figures 2-3 and 2-4 for a listing of abbreviations and meanings.
Site Geology and Soils

The Spook Hill FRS is located in the Sonoran Desert Subprovince of the Basin and
Range Physiographic Province near the boundary with the Mexican Highlands Section.
The Spook Hill FRS is situated approximately twelve miles west of the Superstition
Mountains and about five miles southwest of the Goldfield Mountains. Alluvial fans
extending from the base of this mountain front coalesce to form the broad, gently sloping
surface of the alluvial basin. The topography of the area consists of sparsely vegetated,
flat desert interrupted by narrow, shallow washes where vegetation is concentrated. The
ground surface slopes downward to the west-southwest. Depth to granite bedrock ranged
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from nil to about 50 feet below ground surface along the centerline of the dam (SCS,
- 1975). _

The FRS is founded on Quaternary-Tertiary age shallow sedimentary units consisting of
alluvial fan deposits derived from the nearby Usery Mountains and Quaternary age to
recent stream channel deposits, which occupy the ephemeral washes. The sedimentary
sequence overlies a near surface granitic pediment (Ertec, 1981).

The dam is underlain by relatively thin soils that are reportedly low density, dry, and non-
cohesive fine to coarse-grained silty sands, sandy silts, and thin gravel lenses with
thicknesses up to six (6) feet. Based on the SPT, the soil density increases from loose to
very dense where a heavy caliche hardpan and weathered granitics are encountered at
shallow depths (Ertec, 1981).

Groundwater in the immediate site area is poorly defined because the shallow alluvial
sediments are barren and the granitic basement does not effectively transmit water.
According to the Bureau of Reclamation (1976), regional water levels west of Spook Hill
FRS were about 600 feet below ground surface (elevation 990 MSL). No decline in
regional ground-water levels was recorded between 1964 and 1972. Because of the lack
of thick sequences of unconsolidated and compressible sediments and the presence of the
granitic rock pediment, subsidence due to groundwater withdrawal should not be a
problem (Ertec, 1981). :

Foundation soils of the principal spillway are reportedly uniform, shallow, gravelly
caliche overlain by thin loosely consolidated, non-compressible silt. As built
construction drawings indicate the emergency spillway is founded on soft, gravelly,
poorly to moderately indurated caliche and compacted structural backfill (Ertec, 1981).
According to the SCS (1975), only minor erosion of the emergency spillway was
anticipated downstream from the outlet. However construction of the Central Arizona
Project canal crosses the emergency spiliway outlet. Modification to the emergency
spillway has resulted in spillway outlet being lined with large stone ungrouted, grouted
riprap, and reinforced concrete downstream from the drop structure.

Depth to weathered granitics found at the dam site ranged from surface exposures
(outcrops) to 23 feet. No faulting was reported by the SCS (1975) nor identified during
the Phase I dam safety investigation conducted by Ertec (1981).

The dam site design investigation was conducted by the U.S.D.A. Soil Conservation
Service (now the NRCS) in October 1975. The stratigraphy of the site was defined on
the basis of 73 exploratory borings drilled to depths ranging from 8 feet to 44 feet below
ground surface. A summary of the SCS subsurface exploration program is presented in
Table 2-5. No groundwater was observed in the borings drilled or backhoe test pits
excavated along the dam centerline nor the principal or emergency splllways or in test
pits excavated in borrow areas (Ertec, 1981).
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. Table 2-5. Subsurface Exploration Program Summary Spook Hill FRS.

Dam Centerline

Emergency )
Spillway 24 2

Principal Spillway 6 - -
Borrow - - 44 - 2.6

Open-end field permeability tests were conducted at 5 locations along the dam centerline.
Three tests in the SC-CL material demonstrated permeability values of 3.3 ft*/ft’/day; six
tests in SM, SP and GP materials exhibited permeabilities ranging from 62.2 to 100.6
ft3/f%/day (Ertec, 1981). Results of these tests are summarized in Table 2-6.

According to the SCS (1975) soils consist primarily of a fine to coarse-grained, silty sand
from Station 88+00 to about Station 200+00, and are sandy silt, with fine gravels from
Station 20000 to Station 304+00. These horizons average about three feet thick, but
range up to six feet thick. The upper soil horizon tends to be thinner in the segment from
Station 200+00 to Station 304+00. In the segment from 88+00 to 200-+00, the upper
horizon is underlain by a layer of fine to coarse-grained sand that is slightly cemented

. with minor amounts of clay. The SP-SC horizon averages about 2.5 feet thick. In the
segment from 200-+00 to 304+00, there is no intermediate soil horizon between the
surface soil horizon and the consolidated, cemented caliche beds (SCS, 1975).

The density of the uppermost soil horizons increases rapidly from a very loose condition
at the surface to a very dense consistency at relatively shallow depths. Standard
penetration test data indicate an increase in density with depth in the upper soil horizon
(SCS, 1975).

The surface soils are underlain by deposits which are relatively well consolidated by
induration and cementation and consist of massively bedded, gravelly siltstone which
grades into a gravelly caliche in the vicinity of Station 200+00 along the dam centerline
(SCS, 1975). Standard penetration tests in these pre-consolidated sediments indicate a
very low potential for further consolidation, and a relatively incompressible foundation
(SCS, 1975).

In the vicinity of Station 223+00, there is a buried channel filled with silty-sand (SM)
material. This condition could possible exist at any point along the dam centerline. Test
data indicated the channel deposit has undergone considerable consolidation but it is
highly permeable when compared to the foundation soils on both side of the buried
channel. There was no surface expression of the buried channel identified by the SCS
(1975). :

. Along portions of the dam centerline, granite was encountered at the surface and in 24
boring drilled along the centerline from Station 318+00 to 386+00. Depth to granite in

Kimley-Horn and Associates, Inic. Part Il Page 2- 19 FCD 98-41

KHA Project No. 091131005 PCN PLAN.01.00




Structures Assessment Program — Phase I Flood Control District of

Individual Structures Assessment Report Maricopa County
Part II Spook Hill FRS
. the drill holes ranged from zero feet to about 23 feet below natural ground surface. The

average depth to granite in the drill holes is about eight feet.

Table 2-6. Open-End Field Permeability Test Results Spook Hill FRS.

112+00 2 6.5 7.6 SP-SC
112+00 2 12.0 62.1 Siltstone
223+00 7 17.0 87.8 SM
280+00 14 8.0 9.3 - ML
280-+-00 14 15.0 ' 3.3 ML
333+00 24 6.5 97.7 . SP
333+00 24 13.5 92.1 GP
338+00 27 8.5 94.5 SP
338+00 27 23.0 100.6 GP

Conditions in the vicinity of the proposed principal spillway found to consist of uniform,
relatively shallow foundation of earthy, gravelly, cream to tan colored caliche. This well
consolidated material is overlain by a thin mantle of sandy, tan-colored silt of a very
loosely consolidated nature. This condition exists from Station 0+00 to Station 20+00.

. Standard penetration tests at selected locations along the principal spillway centerline
indicate that the foundation is relatively noncompressible (SCS,1975).

Foundation soils of the emergency spillway, at about Station 294+50, are reportedly
founded on poorly to moderately indurated caliche-cemented soils. As-built construction
drawings indicate the emergency spillway is founded in loose to slightly dense silty sand
(SM) that is poorly consolidated. The detailed geologic investigation report states the
emergency spillway, in the opinion of the SCE investigator, “...the proposed crest section
will be adequately stable but not incapable of sustaining damage during flow” (SCS,
1975). No other information concerning the erosion potential of the emergency spillway
could be found in NRCS or District files. Granite underlies the caliche at depths of 15 to
20 feet below ground surface. In areas where the gramte is shallower, (0-ft to 10-ft) the
caliche layer is absent.

A time-drawdown slope stability analysis was performed by the SCS with a water surface
elevation established with the phreatic line considered fully developed. It was
determined that the phreatic surface could not develop at any level other that the crest of
the principal spillway. The Swedish Circle analysis was use to assess the downstream
slope for steady seepage conditions, with the water surface at the crest of the emergency
spillway and assuming a slope of 2:1 (horizontal to vertical). The minimum factor of
safety against fallure was 1.24 (SCS, 1975).

. The embankment design stability analysis, based on a review of the NRCS (SCS)
records, used a time-drawdown analysis with a water surface elevation established with a
phreatic line fully developed. The analysis for the downstream slope for steady seepage
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condition with the water surface at the crest resulted in a minimum factor of safety of
1.24. The results of the embankment stability analysis originally conducted for Spook
Hill FRS does not satisfy the current ADWR criteria for minimum factors of safety for
the end of construction, steady state no seepage or instantaneous drawdown-upstream
slope (R12-15-1216, (B) (1) (c) (i) Table 5).

The NRCS (SCS) records reviewed for this investigation do not state that seismic design
criteria were included in the embankment stability analysis.

Considering the high hazard classification for the Spookhill and because the original
design analysis does not apparently meet current ADWR embankment stability criteria, it
is recomimended the embankment stability be re-evaluated based on the current
conditions and design criteria.

A settlement analysis performed by the SCS (1975) indicated structural settlements
would be minimal and the maximum settlement would occur near the upstream edge of
the dam. The cumulative foundation and embankment settlements were calculated by the
SCS to be about 0.40 feet in the vicinity of Station 222+35.

Ground Subsidence

Due to the lack of thick sequences of unconsolidated and compressible sediments and the
- presence of the granitic rock pediment, subsidence due to groundwater withdrawal is not
expected to be an issue at the Spook Hill FRS. It appears that the Spook Hill FRS is
located on the Usery Mountain granitic pediment with bedrock ranging in depth from the
surface to a relatively shallow depth of 23 feet beneath the FRS structure.

Earth Fissures

Due to the lack of thick sequences of unconsolidated and compressible sediments and the
presence of the granitic rock pediment on which the Spook Hill FRS is founded, earth
fissuring should not be a issue. The nearest ground subsidence-related earth fissure is
about two and one-half miles south of the south end of the FRS.

Subsidence and Earth Fissure Monitoring Program

The Spook Hill FRS is located near an area of active ground subsidence and earth
fissures. However, due to the presence of shallow granite pediment in the FRS area,
earth fissuring is not expected to impact the Spook Hill FRS. Likewise, ground
subsidence at the FRS is expected to be negligible. The Spook Hill FRS should be
included in an area-wide monitoring program because of its proximity to the ground
subsidence area and associated earth fissures. This recommendation is repeated in
Section 4.0.

Construction Plans/Specifications/Construction Methodology - Construction of the
Spook Hill FRS was accomplished under contract to Mardian Construction Company.
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The completion date of the construction of the dam and landscape treatment is April 10,
1980. Construction observation reports are available for this dam and include
observation reports by ADWR. A review of the project as-built plans indicated no
significant changes were made to the dam design during construction (see Sheets SH 1 -
9). Typical dam cross sections show the embankment was constructed symmetrically
with respect to the dam centerline(see Sheet SH 8). The cutoff trench centerline was
placed on the upstream side of the dam at a distance of 10-ft from the dam centerline.
The foundation for the dam was prepared by excavating approximately 3 to 6 feet into
existing ground to remove unsuitable materials and to expose the firmer siltstone and
caliche layers. The embankment was constructed in compacted earthen lifts with proper
moisture contents.

The primary earthfill embankment materials placed in the embankment according to
NRCS documents is termed "Type 2" materials and is indicated on the as-buiit plans.
Type 2, according to the Spook Hill FRS construction specifications, consists of silt, silty
sand, gravelly silt, gravelly silty sand, sand, gravelly sand, clayey gravelly sand and
clayey sand. The material was specified to contain a minimum of 15 percent passing the
No. 200 sieve when determined on a dry weight basis in accordance with ASTM D 1140.

In general, it is a good practice to place less permeable material on the upstream slope of
a dam. The specifications for Spook Hill show two types of material on the upstream
half of the dam as Type 1 and Type 2. The major difference in these materials is Type 1
has a plasticity index (PI) of 5. A PI of 5 indicates more clay content. Both the Type 1
and Type 2 show a minimum fines content of 15 percent which can be either silts or
clays. Soboth Type 1 and Type 2 has the same fines content but Type 1 has more clay
than silts. Clay particles are more desirable for the construction of earth embankment
dams. As areference the State of Arizona allows a PI of 5 in base course material for
highway construction. Base course is to be relatively free draining. The point for using
this base course reference is a PI of 5 is not much clay content to make a difference in
dam construction and Type 1 and Type 2 material is essentially the same material.

The sources of borrow material to construct the embankment for Spook Hill FRS came
from the reservoir pool area and from excavation materials from the CAP canal. A
materials investigation program was conducted by the NRCS to test the suitability of the
native earthen materials found within the reservoir pool for embankment construction.

Settlement Monitoring — A summary of the District settlement monitoring program is
provided in the District paper titled ““ Settlement Monitoring of Earthen Dams Operated
by the Flood Control District of Maricopa County”. The paper was prepared by Jan
Staedicke in June 1995. The purpose of the report was to:

e Compile settlement monitoring data that has been acquired to date,
* Recommend refinements to the monitoring procedure,
e Recommend a schedule of continued monitoring,
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. e Recommend that the settlement monitoring procedure be supplemented with a) an
earth fissure monitoring procedure, and b) periodic inspection using a team of
specialists.

Appendix A of the District report contains a summary that lists each structure and shows
the maximum settlement between the years surveyed, and the difference between the
design crest and the minimum crest elevation. Appendix B of the District report contains
detailed comments regarding each structure, while the last appendix of the District report,
Appendix C, contains detailed information for each structure. This detailed information
includes a data table showing survey elevations, incremental and total settlement, a plot
of the crest settlement monuments, and a plot of the change in crest over the years
surveyed. :

Appendix B of the District report states that for Spook Hill FRS

“...Three surveys were performed over an eight year period. The maximum settlement
was —0.03 feet. The minimum elevation is 0.48 feet below the design crest”.

MKE (MKE, 1990) conducted a centerline crest survey as part of their dam breach
analysis conducted for the District. MKE reported that the maximum measured variance
from the design dam crest (elevation 1591.50 ft) is about 0.5 ft at Station 110+00
(elevation 1,591.03 ft) which was not considered significant for the purposes of the dam

. breach analysis.

The contents of the three District report appendices are included with this report (Part II)
as Appendix B. Only those portions of the District appendices specific to Spook Hill
FRS are included in Appendix B. Recommendations for continued settlement monitoring
for Spook Hill FRS are provided in Section 4.0 of this Part IL

Post-construction level surveys have been conducted at the Spook Hill FRS in 1979,
1984, 1987, and 1998. The records indicated, when compared to the design crest
elevation, negligible settlement has occurred at the Spook Hill FRS. A comparison of
crest elevation data with the level survey conducted in 1998 show the possible settlement
to range from 0.047 feet to 0.43 feet below design crest elevation while Stations 170+00
and 190+00 show the embankment has heaved from 0.14 to 0.317 feet (Gilbertson &
Associates, 1998).

KHA plotted the existing settlement surveys and the results are provided in Appendix B.
Not all monuments were surveyed in some years. This may be due to lost, destroyed, or
monuments not uncovered in time for the survey.

2.7 Structures Inspection Checklist
A stie-specific inspection checklist for Spook Hill FRS was preparéd and is based upon

. the inspection checklist developed by the Dam Safety Section at ADWR. The inspection
checklist for Spook Hill FRS is provided in Section 3.0 of this Part II.
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2.8 Maintenance Activities

The Operation and Maintenance Division has an established animal and vegetation
control program for District structures, including dams and appurtenant features. The
District animal and vegetation control program is documented in a recent District paper
(November, 1999) that was presented at the workshop on “Plant and Animal Penetration
Earthen Dams” held in Knoxville, Tennessee. A copy of the District’s paper is included
the Policy & Program Report. The following discussion summarizes these control
programs. Further details are referenced in the District paper.

The purpose of the District’s vegetation management program for District dams is
twofold: (1) to minimize erosion of embankment slopes, and (2) eliminate undesired
plant species from the dam crest and embankment slopes. The first purpose is actually
part of the District’s erosion control efforts to prevent or minimize loss of embankment
material due to erosion. The District has a history of application of erosion control
measures on their structures. These measures include hydroseeding slopes in attempt to
establish a vegetation cover, placement of gravel or rock mulch on the embankment
slopes to reduce rainfall impacts and flow velocities, and/or a combination of these two
measures.

The District’s methodology for establishment of vegetation covers on the embankment

- slopes presently consists of hydroseeding methods. The procedure is discussed in the
District’s paper. The paper presents the type of seed mix included in the hydroseeding
program.

The second purpose of the vegetation management program is to control unwanted plant
species, particularly on the embankment slopes. These undesired plant species include all
deep-rooted plants typically found in Maricopa County such as desert broom, salt cedar,
mesquites, and palo verdes. The method of vegetation control is explained in detail in the
District’s paper, but includes eradication by herbicides or manual pruning, and trimming
by a boom-mower.

District O&M crews maintain low flow channels to principal spillway inlets. The
maintenance conducted for the low flow channels consists of eradication of unwanted
vegetation within the channel limits and removal of accumulated sediment in the channel
bottom. Sediment removal is conducted with the use of a loader and dump truck and
conducted on an as-needed basis.

A review of design and as-built plans for Spook Hill FRS indicates that no sediment
monuments or markers were installed to monitor sediment accumulation in the
impoundment area. Discussions with District staff indicate that very minor activity
regarding the monitoring of sediment accumulation has ever been conducted for District
impoundment areas. Hardly any sediment removal activities are conducted in the
impoundment area. The design reports for the structures, however, do indicate that
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sediment pools were designed as part of the reservoir. The reports provide the volume of
sediment storage available and the elevation of the top of the sediment pool.

District O&M crews conduct maintenance activities at Spook Hill FRS on a regularly
scheduled basis. The District has conducted vegetation eradication within the low-flow
channel located at the heel of the dam. The low-flow channel takes flows entering the
FRS impoundment area and directs the flow towards the principal spillway. The
eradication methods include physical removal of unwanted vegetation by clearing and
grubbing methods using bulldozers, front-end loaders, and dump trucks. Very little
vegetation eradication is conducted within the reservoir pool area outside the low-flow
channel. Discussions with District O&M staff indicate that their crews may pick up dead
and fallen trees and woody debris within the reservoir pool area, but the extent of the
effort and frequency of removal is very limited.

The District performs very minor sediment removal from the inlet and outlet structures of
the principal spillway and in the area just upstream of the inlet structure where sediment
typically accumulates. Sediment removal from the inlet and outlets structures is typically
conducted by hand-labor with shovels and buckets. The buckets are filled and then
loaded into an awaiting dump truck. The sediment accumulated upstream of the inlet
structure is removed by front-end loader and placed into the dump truck.
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Structures Assessment Program — Phase I Flood Control District of
Individual Structures Assessment Report Maricopa County
Part II Spook Hill FRS

Section 3.0 Field Examination
3.1 Purpose

The purpose of the field examination is to provide a systematic visual field technical
investigation in which the structural stability and operational adequacy of the FRS project
features are analyzed and evaluated to determine if deficiencies exist at the FRS and
associated project features. The examination was conducted by walking the length of the
structure and visually examining the crest, upstream and downstream slopes, upstream
and downstream toes, and appurtenant structures. Comments are recorded on an
inspection log and photographs taken of pertinent observations. Cracks, holes, and
burrows were probed with a hand-held 3-foot stainless steel metal rod to examine depth,
extent, and resistance to probing. No other intrusive/internal examination method was
used during this examination.

The field examination of the structure is accomplished to provide a basis for timely
initiation of corrective measures to be taken where necessary. This examination was

conducted on July 10, 11, and 12, 2000 by the following technical examination team:

3.2 Technical Examination Team

Robert Eichinger, P.E. Project Manager, Kimley-Horn and Associates

John Sikora, P.E. Dam Safety Engineer, URS Corp.

Ken Euge, P.G. Principal Geologist, Geological Consultants

Diana Davisson, EIT Civil Analyst, Kimley-Horn and Associates

Other Participants:

Tom Renckly, P.E. Project Manager, Civil Engineer, Flood Control District of
Maricopa County

3.3 Project Summary

Inspection Frequency

Spook Hill FRS is inspected on an annual basis jointly by the Flood Control District and
the Arizona Department of Water Resources. The next joint District/ ADWR inspection
is scheduled for December 2001.
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Maximum Water Surface Elevations

The District maintains a historic log of maximum water surface elevations for Spook Hill
FRS. The maximum recorded impoundment for Spook Hill reservoir is 80 acre-feet with
a stage of 6.74 feet at the FRS (January 11, 1993).

Spillway Erodibility
Based on District records, there has been no recorded emergency spillway flows at Spook
Hill FRS. The spillway is a reinforced concrete drop structure.

Distress Observations Corrected or Operation and Maintenance Conducted Since
Last Inspection
Slope erosion repair is an on-going O&M item.

Past Distress Observations Not Yet Corrected
Noted past erosion on the upstream and downstream slope. This is an on-going
maintenance issue.

Flood Control District Operation and Maintenance Responsibilities
The District is responsible for total operation and maintenance of Spook Hill FRS and
associated appurtenances.

3.4 Field Examination Results Summary

Embankment

The crest of the FRS is gravel plated. Most crest settlement monuments were found.
Station markers were located. The crest is clear of vegetation. The access gates and
fences located off and adjacent to McKellips, McDowell, and Brown Roads are
operational. Longitudinal cracks were observed on the crest of the dam. All cracks were
less than 1/4-inch in width but varied in length from several feet to 30-ft. During the
inspection, 10 longitudinal cracks were located. The location of these cracks were at the
following stations: Sta. 97+05 (thin hairline cracks 30 ft. long); Sta. 102+00 (hairline
crack, brushed to expose crack 1/8-inch wide); Sta. 116+00 (small crack, 10 inches long,
1/8-inch wide); Sta. 117+00 (4-inch long hole, 2-inch deep — possibly associated with
crack); Sta. 128+50 (hairline crack 2 ft. long); Sta. 139+00 (small hole and 1/16-inch
wide crack, found from previous ADWR — Nov. 1999 inspection); Sta. 186+56 (crack
from Sta. 186+56 to 188+26); Sta. 188+26 (centerline crack Y-inch wide, 20 ft. long);
Sta. 201465 (centerline hairline crack, 25 ft. long, probed 2.5 ft.); Sta. 284+10 (centerline
crack with holes); Sta. 233456 (hole 3’ x 6” at surface, probed to 22” on downstream
side of crest above erosion gully, suspect transverse crack). No obvious transverse cracks
were observed. Transverse crack detection is difficult due to the severe slope erosion.

Abutments

The north and south abutment terminus contacts appear in satisfactory operational
condition. No slides, sign of instability or erosion of the abutment surfaces were
observed.
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