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April 22, 2004 douivil iir oo
Phoenix, i/ 85609
Larry K. Lambert, P.E.

Project Manager

Flood Control District of Maricopa County

2801 West Durango

Phoenix, Arizona 85009

Re: 30 Percent Submittal
Draft Design Report
White Tanks FRS No. 3 Remediation Project
PCN 470.04.30
Contract Number: FCD2003C055
URS Job No. 23443748

Dear Mr. Lambert:

URS Corporation (URS) has prepared this Draft 30 percent Design Submittal for the referenced project.
The 30 percent submittal includes a Draft Design Report, Plans, and Specifications.

During preparation of this submittal, we have identified certain aspects of the design configuration that
we believe warrant your close attention. These items are discussed below:

e The overall configuration of the upstream liner in the non-fissure risk zone, including the
sequence of the various components, the need to drain the sand layer, and the thickness of the
sand layer.

e The need (or lack thereof) of a sand diaphragm filter around the principal outlet conduit through
the embankment within the soil-cement section.

o The definition of the fissure risk zone as defined by the Preliminary Geotechnical Investigation
Report prepared by AMEC Earth & Environmental.

e The approach employed by URS to develop topographic mapping for the area north of the
existing dam. This issue is discussed in detail in Section 4.0 of the report.

o The cutoff walls for the embankment within the fissure risk zone includes a geomembrane to
improve water tightness. This configuration should be checked for consistency with the
configuration currently proposed for the McMicken Dam FRZR Project.

e The TR-20 models developed by NRCS and used in this design include diversions at Olive and
Northern Avenues. This reduces the total volume of water and peak flow reaching the reservoir.
The diversions are discussed in Section 8.3.7 of this report.

¢ During construction of the fissure risk zone dam (i.e., soil cement section) the existing dam crest
will be lowered to the 100-year flood pool elevation during excavation. This approach should be
evaluated for concerns of reduced dam height during construction.

URS Corporation

7720 North 16th Street, Suite 100
Phoenix, AZ 85020

Tel: 602.371.1100
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URS

We look forward to meeting with you on May 4, 2004 to discuss your comments on the 30 percent
submittal. In the interim, should you have questions or require additional information, please do not
hesitate to contact me at your convenience.

Sincerely,

URS

Todd E. Ringsmuth, P.E.

Project Manager
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1.0 INTRODUCTION

1.1 PROJECT DESCRIPTION

White Tanks Flood Retarding Structure (FRS) No. 3 is located on alluvial fan deposits east of the
White Tank Mountains, approximately 20 miles west of Phoenix. The dam and its appurtenant
facilities were designed and constructed by the Soil Conservation Service (SCS, now Natural
Resource Conservation Service [NRCS]) in 1954. The facility is currently operated and
maintained by the Flood Control District of Maricopa County (District). The dam embankment
was constructed as a homogenous earthfill with a crest width of approximately 11 feet, a
maximum height above streambed elevation of approximately 30 feet, and 2:1 and 2.5:1
downstream and upstream slopes, respectively. Three gated, corrugated metal pipes (CMPs)
through the embankment serve as the principal outlets for the dam. The secondary or emergency
spillway is an unlined earthcut spillway located in at the right (south) abutment of the dam. In the
1980s, the NRCS designed and installed a granular filter along the centerline of the embankment.
Several outlets were also installed to drain the center fiiter. In addition, the District designed and
installed sand diaphragm filters around the three principal outlets. The centerline filter does not
extend to the foundation soils.

Since the original design and construction of the dam, conditions at and in the vicinity of the dam
have changed significantly. These changes include the following:

e Potential downstream consequences related to potential failure of the dam have increased
significantly. The dam was originally intended to provide flood protection for agricultural
lands. Since the original construction, significant urbanization has occurred, and is
expected to occur at an increasing rate downstream from the dam.

e Withdrawal of groundwater for agricultural and domestic use has caused lowering of the
water table and regional ground subsidence. A level survey along the crest of the dam
performed by the District in November 2003 indicates that differential subsidence across
the length of the embankment has lowered the north end of the embankment by nearly 4
feet from the original design crest elevation, while the loss of crest elevation (compared
to design crest elevation) at the south end of the embankment is less than 1 foot.

« Differential subsidence has induced tensile stresses in the ground, creating the potential
for earth fissuring. Investigative work performed by AMEC Earth & Environmental Inc.
(AMEC, 2004) on behalf of the District has identified a fissure risk zone that intersects
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the embankment and extends for a length of approximately 2500 feet between Stations
30+00 and 55+00.

e Transverse cracks have developed across the embankment. The exact cause(s) of these
cracks is not known. The cracks were likely caused by desiccation and shrinkage of the
compacted soils, and perhaps to a lesser extent, because of hydro-collapse of relatively
young (Holocene) soils underlying the embankment.

1.2 SCOPE OF WORK

The overall objective of this project is to design modifications to the dam and its appurtenant
facilities to mitigate risk related to dam safety concerns at this facility and to meet current
regulations and standards as provided by the NRCS and the Arizona Department of Water
Resources (ADWR). This overall objective will be achieved by completion of a series of tasks.
These tasks were discussed in detail in Scopes of Work for Work Assignments 1 and 2, dated
January 21, 2004 and , respectively. The key elements of URS’ scope of work are
summarized below.

Hydrology & Hydraulics

Review the existing Hydrologic Analysis Report prepared by the NRCS (1998)

Develop a stage storage relationship for the reservoir

Geotechnical Investigations
e Review previous geotechnical investigations performed by the NRCS (1992)
e Review preliminary geotechnical investigations performed by AMEC (2004)

o Prepare and implement a geotechnical work plan for additional investigations at the

facility
[ ]
[ ]
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Design
e Design modifications to the embankment within and outside the fissure risk zone
e Design necessary modifications to the emergency spillway
o Design modifications to, or new principal outlets for the dam

o Evaluate historic ground subsidence and assist the District in selecting a design
subsidence rate for the project

» Prepare construction drawings, plans, and specifications
o Prepare a Design Report in accordance with ADWR guidelines
o Prepare a Construction Quality Assurance Plan
» Prepare a Construction Schedule
1.3 AUTHORIZATION

URS is performing the design modifications for the dam under contract FCD 2003C055. Two
Work Assignments have been reviewed and approved by the District. The Notice to Proceed
(NTP) for Work Assignment No. 1 is dated January 21, 2004, and the NTP for Work Assignment
No. 2 is dated

1.4 COOPERATING AGENCIES
The following are the primary entities involved in this project:

o Flood Control District of Maricopa County. White Tanks FRS No. 3 is currently
operated and maintained by the District. The District is a funding partner during the design
and construction phases of the project. Larry K. Lambert, P.E. serves at the District’s
project manager for the design phase of the project.

e Natural Resource Conservation Service. The NRCS (then SCS) designed and built the
dam in 1954. The NRCS has remained involved with this dam, currently serving as a major
federal funding partner for the proposed rehabilitation. Mr. [ldefonso Chavez, Jr of the
NRCS is the designated Project Manager.

l’Rs 30 Percent Design Report April 23, 2004
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e Arizona Department of Water Resources. White Tanks FRS No. 3 is a jurisdictional
structure because of its height and reservoir capacity. ADWR currently provides regulatory
oversight for jurisdictional dams in Arizona.

1.5 VERTICAL DATUM

The design documents prepared for this project are developed using the North American Vertical
Datum 1988 (NAVDB88). Historical references and drawings for the White Tanks FRS No. 3 are
based on the National Geodetic Vertical Datum 1929 (NGVD 29). The shift between the 1929
and 1988 datums is approximately 1.8 feet depending on location. Because of the potential
confusion, whenever an elevation is provided in this report the relevant datum is provided.
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2.0 FACILITY DESCRIPTION

White Tanks FRS #3 was constructed in 1954 by the NRCS to protect farmland and irrigation
facilities from runoff collected off the White Tank Mountains. The dam is located on alluvial fan
deposits east of the White Tank Mountains, approximately 20 miles west of Phoenix. The
northern end of the embankment is approximately | mile south of the intersection of Northemn
Avenue and the Beardsley Canal in Maricopa County. The dam is a homogeneous earth
embankment. The dam is currently maintained and operated by the District.

2.1 ORIGINAL CONFIGURATION
2.1.1 Embankment

The embankment is approximately 7,700 feet long, and was constructed using soils borrowed
from the reservoir area. At its maximum section, the embankment is approximately 27 feet high.
The crest width varies between 10 and 11 feet. The upstream and downstream faces are sloped at
2.5:1 (horizontal to vertical) and 2:1, respectively. The embankment soils are predominantly
clayey sands with lesser amounts of sandy clays present.

2.1.1.1 Foundation Preparation

The foundation footprint was cleared and grubbed. There appears to have been no attempt to
overexcavate and recompact the near-surface soils, or to remove granular channels that
intersected the alignment. The soils underlying the embankment are predominantly silty and
clayey sands with lesser amounts of sandy clays, and occasional layers of relatively clean sands.

2.1.2 Watershed

White Tanks FRS No. 3 was originally designed to impound runoff from a drainage area of
approximately 24 square miles. A Phase II flood study performed by the District (1984) noted
that portions of the watershed had been removed due to the breaching of training dikes and
diversion channels north of Northern Avenue and the redirection of flows from the Caterpillar
Test grounds. These changes reduced the tributary area of the structure to approximately 20.5
square miles, a reduction of 3.5 square miles (District 1984). The elevation of the watershed
ranges from over 4,000 ft to the outlet works inlet elevation of approximately 1,188 ft.
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2.1.3 Flood Pool

The capacity of the reservoir at the time of construction was 2,655 ac-ft below the emergency
spillway crest. The emergency spillway crest elevation was 1,211.92 feet (NGVD 29). The
surface area of the flood pool at the emergency spillway crest was 280.6 acres.

2.1.4 North Inlet Channel

The north inlet channel runs for approximately 2 miles from north of Olive Avenue to the north
end of the White Tanks FRS #3 embankment. The channel crosses Olive and Northern Avenues.
The channel runs parallel to and on the west side of the Beardsley Canal. It is not clear when the
channel was constructed. The channel significantly increases the size of the watershed contained
by White Tanks FRS #3: with the channel, the watershed is 20.49 mi’; without the channel, the
watershed would be 9.72 mi* (NRCS 1998).

Subsidence at the north end of the dam and along the North Inlet Channel require that the dam be
extended north to contain the design flood pool. The dam extension will be parallel to the
channel and potentially require erosion protection along the upstream face of the dam.

2.1.5 Sediment Pool

The NRCS has estimated a design sediment pool of 500 acre-feet (NRCS 1996) corresponding to
a 100-year design life. The basis of the 500 acre-ft estimate is not evident from the available
documentation. The 500 acre-ft allowance for sediment accumulation corresponds to an
elevation of 1,197 ft NGVD 29), or a maximum of 21 ft above the current lowest surface behind
the dam, as estimated from the elevation-capacity relationship shown on Figure 4-1. The
upstream inverts of the existing North, Central, and South gated outlet pipes are at elevations of
1,190, 1,188, and 1,190 ft, respectively. (NGVD 29).

2.1.6 Emergency Spillway

The emergency spillway for the facility is cut into natural ground at the south abutment of the
dam. ADWR’s inspection report (2002) indicates that the emergency spillway crest elevation is
approximately 1,211.92 feet (NGVD 29). The unlined spillway was constructed 800-ft-wide for
a design peak flow of 11,750 cubic feet per second (cfs).

Dames & Moore (1998) estimated that during discharge under the full probable maximum flood
conditions, the flow depths and velocities at the crest of the spillway would range from 2 to
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4 feet and 5 to 6 feet per second (fps), respectively. Based on these depths and flow velocities,
Dames & Moore (1998) predicted scour and head cutting at the emergency spillway. .

2.1.7 Bethany Home Road Dike

The Bethany Home Road Dike begins at the south edge of the emergency spillway and runs
eastward to the Beardsley Canal. The purpose of the dike appears to be for directing flows that
pass through the spillway to a siphon crossing in the canal.

The dike consists of a ditch along Bethany Home Road bordered by embankments above the
general terrain elevation. These embankments follow the ditch in two 90-degree turns: one about
1,500 ft southwest of the southwest end of the dam embankment; and the second about the same
distance to the northwest of the southwest end of the dam embankment.

2.1.8 Principal Outlets

Three corrugated metal pipes (CMPs) serve as the principal outlets for the dam. These CMPs are
located at stations 29+00, 46+00, and 63+80. The two pipes at stations 29+00 and 46+00 are 48
inches in diameter, while the third outlet is 24 inches in diameter. One of the 48-inch outlets is
connected to the Beardsley Canal via a concrete-lined channel, while the other two outlets
discharge at the downstream toe of the dam. All three outlet pipes are provided with seepage
collars. According to construction drawings, the collars are spaced at 20 foot centers and extend
for a distance equal to the diameter of the pipe beyond the outlets. The outlets are provided with
a protective asbestos-containing coating on inside and outside. The three outlets are regulated by
control gates at the upstream end. The gates are manually operated and are fitted with stems
which extend to the crest of the embankment.

2.2 DAM MODIFICATIONS

Since the original construction of White Tanks FRS No. 3, the facility has been modified to
address dam safety issues that have arisen, and to improve the overall performance and safety of

the dam. These modifications are discussed below.
2.2.1 Central Filter and Qutlet Drains

The NRCS designed and installed a granular filter along the centerline of the embankment to
mitigate the impacts of the transverse cracking. The filter was installed for the entire length of
the embankment and is approximately 30 inches wide. The center filter trench was backfilled
with a medium to coarse sand. The filter does not extend to the foundation soils. However, it
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appears that outlets were installed at all locations where the transverse cracks extended below the
bottom of the center filter trench. A total of about 68 outlets were installed. Each outlet includes
a 2-foot by 2-foot section of open graded gravel to increase flow capacity.

2.2.2 Diaphragm Filters

In 2000, the District retained URS to design interim dam safety measures, that included
installation of diaphragm filters around the three existing outlet pipes. The existing outlet pipes
consist of corrugated metal pipes (CMPs) The diaphragm filters were designed and constructed
in general accordance with NRCS guidelines. Details of the project are provided in a design
report prepared by URS (2001).

All three conduits were extended. The extensions were encased in concrete to the springline.
Sand diaphragms were constructed directly downstream of the embankment. The sand
diaphragms were weighted down with buttress fill in order to counter potential hydrostatic

pressures caused by a full reservoir.
2.2.3 Emergency Spillway Modifications

In 2000, the District retained URS to design interim dam safety measures, that included
excavating a notch through the emergency spillway and provided erosion protection along the
downstream toe of the embankment. The notch was excavated 75 feet wide and lowered the
spillway crest to an elevation of 1,207.0 feet (NGVD 29).
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3.0 PREVIOUS STUDIES AND PROJECTS
[Section 3.0 to be completed with the 60 percent submittal]

3.1 ORIGINAL NRCS DESIGN

3.2 NRCS MODIFICATIONS WORK PLAN

3.3 MODIFICATIONS DESIGN PROJECT

3.4 BASINS ALTERNATIVES PROJECT

3.5 INTERIM DAM SAFETY PROJECT

3.6 PRELIMINARY DESIGN CONCEPTS

3.7 DAM ALTERNATIVES PROJECT

3.7.1 Preliminary Geotechnical Investigations

3.7.2 Dam Alternatives Analysis
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4.0 TOPOGRAPHIC MAPPING

The topographic mapping prepared for the project site consisted of 2 separate maps developed at
different times and on different datums. The 2003 topographic mapping generally cover the area
from the Bethany Home Road Alignment to the south, Beardsley Canal to the east, 199™ Avenue
to the west, and Orangewood Avenue to the north. The 2003 topography include the existing
dam and a majority of the reservoir flood pool. The 2003 topography was developed using the
NAVD 88 Datum.

Early design evaluations indicated that the left abutment of the dam would need to be extended
2,500 feet north to include the maximum flood pool. The extension placed approximately 1,500
feet of dam off the 2003 topography. In addition, pool elevations above 1,212 feet (NAVD 88)
extended off the 2003 topography.

The District provided URS with topographic mapping and the base digital terrain mapping
(DTM) files that included the additional areas. However, this topography was developed in 1998
and was based on the NGVD 1929 Datum. Another issue that potentially effected the 1998
topographic mapping is the subsidence that has likely occurred since 1998 and 2003. Therefore,
URS manipulated the DTM file and shifted data to match the NAVD 88 Datum and take into
account subsidence.

The DTM file shift consisted of the following:

¢ Calculate the elevation shift between the NGVD 29 and NAVD 88 Datums at
Benchmark USGS N475.. This shift was calculated to be an increase in elevation of
1.873 feet using the NGS VERTCON calculator.

o Estimate the total subsidence that has occurred at the left abutment of the existing dam.
The total subsidence that occurred between 1998 and 2003 at the dam crest benchmark
SM-AL (existing Station 10+00) was 0.069 feet.

Therefore, the DTM file was shifted up in elevation by 1.80 feet and a topographic map was
developed. It is important to note that the design of the dam in the areas where the topographic
mapping is based on the shifted 1998 topography may result in potential errors in quantity

estimates.
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5.0 PROJECT DESIGN LIFE

The design life for the project has been identified as 100 years in the Rehabilitation
Plan/Environmental Assessment for the White Tanks No. 3 Project (NRCS 2004). The design
developed to rehabilitate the existing dam will meet current design and safety criteria in order to
provide continued flood protection. All elements of the design (i.e., sediment storage, subsidence
prediction, hydrology, etc.) will meet the 100-year criteria.
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