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l. Introduction

Along Ellsworth Road from Southern Avenue north to Apache Trail, several concrete
lined ditches exist between the main roadway and the frontage roads. These ditches with
their steep side slopes and proximity to the roadway pose a hazard to the traffic. MCDOT
is interested in studying these ditches with the goal being to improve the safety of the
traveling public along this roadway.

RPA has been asked to prepare a three-part report. Phase | will identify the existing
conditions. Phase 2 will discuss alternate solutions. Phase 3 will summarize the findings
and recommend a final solution.

Il. Existing Conditions

Existing drainage in the vicinity of the project is from the northeast to the southwest.
There are three separate ditches within the project limits. Ditch No. 1 is a small concrete
lined ditch just north of Broadway Road on the west side of Ellsworth Road. It starts just
north of the Broadway intersection and ends approximately 100 feet to the north from
where it drains via a 24 inch pipe to a defined drainage way that passes flood water under
Ellsworth Road in a large concrete box culvert.

Ditch No. 1 Looking North
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Ditch No. 2 is a concrete lined ditch on the east side of Ellsworth Road that begins
on the north side of Corabell Avenue and ends at a multiple pipe culvert that passes the
water under Ellsworth Road to the west side to an existing ditch which then drains west
away from Ellsworth Road. An existing dirt ditch along the north side of Corabell Avenue
drains water from the east to a CBC under Corabell Avenue into Ditch No. 2.

) . Ditch No. 2 At South End
Ditch No. 2 - Looking South Across

Corabell Ave.

Ditch No. 3 is also a concrete lined ditch on the east side of Ellsworth Road and
begins on the south side of Pueblo Avenue and extends south to Sunland Drive. It then
passes under Sunland Drive in a CBC to a ditch that continues south along the west side of
Ellsworth Road. There is no frontage road south of Sunland Drive.

Ditch No. 3 North End Ditch No. 3 Looking South Across
Sunland Dr.
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The Central Arizona Project Canal is located approximately a mile to the northeast of
the project. Drainage across the canal is concentrated at the locations where it crosses the
canal. There are two such crossings upstream from the project area. One crosses the
CAP just north of Apache Trail at Crismon Road. (see Drainage Area Maps)The water from
this crossing flows in existing washes and channels south across Apache Trail and then
west to the CBC that crosses Ellsworth Road just north of Broadway Road. This is the
crossing that Ditch No. 1 is connected to. The next crossing of the CAP is east of Crismon
Road at Broadway Road. This concentration of flow drains to the southwest to an existing
ditch along the east side of Crismon Road and then south. Neither of these CAP crossings
effects Ditches No. 2 or 3.

The project area is covered by the East Mesa Area Drainage Master Plan; October
1998 prepared by the Flood Control District of Maricopa County. A portion of the Northern
Area Topographic Subbasin Boundary Map is included in the Appendix of this report.
Ditches No. 1, 2, and 3 have been added to this map for clarification. As can be seen from
this map, the drainage areas for the project are wholly contained in sub basin No. 30. This
map also shows that concentrated flows crossing the CAP are diverted elsewhere as
discussed above.

A copy of sheet 16 of the Maricopa County boundary map is also attached. The
drainage areas contributing to the project do not include any of the area in the City of Mesa.

lll. Original Design Flows

No As-Built plans could be located for Ditch No. 1. The As-Built plans for the
construction of Ellsworth Road from Southern Avenue to University Drive were located.
This project was As-Built in May, 1992. This project constructed the main roadway and
Ditches No. 2 and 3 and the culverts associated with these ditches. An effort to locate a
drainage report for this project was made and none could be found. The consultant who
prepared the plans is no longer in the engineering business and had no records of the
project.

The design plans did have some design flow information shown on them. This is
summarized below:

Culvert No. 1: 6'x 3 x 108 CBC
Ditch No. 2: concrete lined ditch, bottom width = 4’ with 1:1 side slopes
Culvert No. 2: 4 -35"x24"x 111" CSP Arch

Drainage Area = 0.188 Sq. Mi. (120 Acres)
Q (25) = 94 cfs

Ditch No. 3: concrete lined ditch, Bottom width — 4’ with 1:1 side slopes
Culvert No. 3: 6'x3 x92' CBC

Drainage Area = 0.405 Sq. Mi. (260 Acres)

Q (25) = 214 cfs
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V. Drainage Areas and Design Flows

The drainage areas for this project are in areas fully developed with single family
residences. An effort was made to locate As-Built grading or paving plans for these
subdivisions. Since they were almost all developed in the 1960’s or 1970’s, no plans were
available. The drainage areas were determined by field observations that were
supplemented with levels where needed.

The design flows were calculated using the procedures outlined in the Drainage
Design Manual for Maricopa County, Volume |, Hydrology. Since the drainage areas are
urban in nature and under 160 Acres, the rational method was used to establish the design
flows, or more specifically, the computer program RATIONAL. EXE was used.

Drainage Area No. 1:

Drainage Area No. 1 was found to be very small and consisting of only about 300
feet of the frontage road and 500 feet of the adjacent half of Ellsworth Road. The
calculated design flows were: Q(10) = 3 cfs, Q(100) = 5 cfs.

Drainage Area No. 2:

This area is bounded on the north by Broadway Road. Flows north of Broadway
Road find their way into the box culvert that crosses under Ellsworth just north of Broadway
Road. Crismon Road diverts any flow from the east. An existing dirt ditch extends east
from Ellsworth along the north side of Corabell to 96™ Street. This collects flows from north
of Corabell to Culvert No. 1. In the southeast corner of Ellsworth and Broadway Road is a
Fry's Market and the Wynstone Subdivision. Both are recent developments and have on-
site retention. These areas will not contribute to the drainage area. Drainage Area No. 2 is
summarized as follows:

Drainage Area = 124 Acres (0.194 Sq. Mi.)
Q(2) = 84 cfs
Q(5) = 124 cfs
Q(10) = 162 cfs
Q(25) = 231 cfs
Q(100) = 354 cfs

The area compares well with that used in the existing design, but the flows are much
larger than the ones used for the design. This is probably due to the different hydrologic
methods used at the time of the original design.
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Drainage Area No 3:

This area is bounded on the north by DA No. 2. Flows east of the centerline of 96™
Street go south in 96" Street. Flows south of the centerline of Pueblo Avenue flow south
through the subdivisions to Sunland Avenue where it then flows west and enters the ditch
south of Sunland Avenue. Drainage Area No 2 is summarized as follows:

Drainage Area = 82 Acres (0.128 Sq. Mi.)
Q(2) =69 cfs
Q(5) = 98 cfs
Q(10) = 124 cfs
Q(25) = 171 cfs
Q(100) = 266 cfs

This is a much smaller area than the 0.405 Sqg. Mi. shown on the As-Built plans.
V. Capacity of Existing Structures

The computer program FHWA Culvert Analysis, HY8, Version 6.1 was used to
analyze the capacity of the existing culverts. This program follows the design methods
described in HDS No. 5, Hydraulic Design of Highway Culverts, Sept. 1985, FHWA. This is
the basis for the procedures found in the Drainage Design Manual for Maricopa County,
Volume |l, Hydraulics.

Ditch No. 2:

Ditch No. 2 begins at Culvert No. 1, a6’ x 3’ x 108’ CBC under Corabell Avenue. It
then flows south in a concrete lined ditch between Ellsworth Road and the frontage road to
Culvert No. 2, a4 — 35" x 24" x 111’ CSP Arch that crosses under Ellsworth Road. For this
report, the capacity of a culvert was considered the flow achieved when the headwater is at
the top of the roadway curb. Any additional flow would flow over the curb into the street.

The capacity of Culvert No. 1 was found to be 120 cfs. This would be approximately
equivalent to a 5-year storm flow. The ditch itself will carry 250 cfs. Culvert No. 2 has a
capacity of 108 cfs. This is approximately a 4-year storm flow.

If the capacity of Culvert No. 1 is exceeded, the additional flow will cross Corabell
Avenue to the south in a valley gutter and flow back into Ditch No. 2. If the capacity of
Culvert No. 2 is exceeded, the excess will pond in the east half of Ellsworth Road up to a
point where it will cross the crown in Ellsworth and eventually find it's way back into the
ditch on the west side of Ellsworth Road.
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Ditch No 3:

Ditch No. 3 begins just south of Pueblo Avenue between Elisworth and the Frontage
Road and flows south in a concrete lined ditch to Culvert No. 3. Culvert No. 3isa 6’ x 3’ x
92’ CBC which crosses under Sunland Drive to a larger ditch that continues to the south.
There is no frontage road south of Sunland Drive. This ditch eventually drains to an ADOT
detention basin at Ellsworth and US-60.

Ditch No. 3 has a capacity of 298 cfs. Culvert No. 3 has a capacity of 120 cfs. This
too is approximately a 5-year storm frequency.

If this flow is exceeded, the overflow will cross Sunland Drive in a concrete valley
gutter and back into the existing ditch to the south.
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VI. Ditch No. 1 Alternatives

On the surface, this ditch could easily be eliminated with the addition of two catch
basins connected to the existing 24 inch pipe that connects to the floodway channel just to
the north. Mr. Chuck Feuquay of the Maricopa County Flood Control District who is familiar
with the flood history in this area was contacted. He related the following:

Drainage from the north collects in a swale along the north side of Broadway Road
and flows west to Ellsworth Road. A defined ditch was built from the northeast corner of
this intersection north to the box culvert under Elisworth Road. Apparently, some of this
flow does not make the turn to the north and crosses the crown in Elisworth Road into the
area of Ditch No. 1. It then ponds in the northwest corner of the intersection and floods one
business and several residences along the frontage road. The present ditch was instalied
to drain this ponded water, but it does not handie the flood flows crossing Ellsworth Road.
The ditch to the north on the east side of Elisworth Road has since been concrete lined to
increase it's effectiveness, but Mr. Feuquay was not sure this will alleviate the situation.

To replace this ditch at this time with catch basins, and another flood occurred, the
County could be perceived as contributing to an increase in the flood height by eliminating
the ditch. Until such time as the drainage problem on the east side of Ellsworth Road is
solved so that no flows cross Ellsworth Road, it is recommended that Ditch No. 1 be left as
is. It is shaliow and not that bad of a hazard.

VIl. Ditch No. 2 Alternates

In order to evaluate alternative ways of protecting traffic from Ditch No. 2, the affects
of the 100 year flood flow were analyzed. (see drawing for Alternate No. |, Existing
Conditions)

As previously discussed, the 100 year flows will exceed the capacity of both Culvert
No. 1, on the north end of Ditch No. 2, and Culvert No. 3, on the south end. As a result,
100 year flows will back up at the culvert inlets to an elevation where the excess will flow by
the culverts and continue downstream. These high water elevations were calculated for
each of the culverts.

Culvert No. 1 will cause a 100 year high water elevation in the intersection of
Elisworth Road and Corabell Avenue of 1504.13. This was compared to the finished floor
elevation of the adjacent residence, which is 1504.16. From this, it is obvious that
whatever alternates are considered, no constriction of the flows downstream from Culvert
No. 1 can be allowed. Any such constriction could increase the high water elevation
upstream from Culvert No. 1. In fact, during the design of these facilities, regrading of the
pavement in this intersection should be considered to reduce the 100 year high water
elevation for Culvert No. 1.
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A similar evaluation of Culvert No. 2 shows a 100 year high water elevation of
1499.10. This overflow crosses Ellsworth Road to the west in a sag in the roadway profile
producing a depth of approximately 6 inches at the crown of the street. The adjacent
finished floor is 1499.72, approximately 7.5 inches above the 100 year high water.

Three alternates were considered for Ditch No. 2. The first would be to do nothing.
Alternate No. Il

This alternate would be to extend Culvert No. 1 along the ditch alignment south to
Culvert No. 2 and then pave over the median area remaining. Catch basins would be
spaced along both the Elisworth Road side and the frontage road side to collect flows
generated in the streets. Since the capacity of Culvert No. 2 is less than Culvert No. 1, a
direct connection from the extended Culvert No. 1 to Culvert No. 2 cannot be made without
constricting flows upstream of Culvert No. 1. Therefore a grate should be provided at the
connection. This will also provide maintenance access for both culverts. Analysis of this
extended Culvert No. 1 at the 100 year flow and using the headwater elevation of Culvert
No. 2 as a tail-water elevation, shows that the high-water upstream from Culvert No. 1 does
not increase from the existing conditions.

At present, part of the overflow from Culver No. 1 returns to the existing ditch until it
reaches Cuivert No. 2, although the ditch will not carry all of the 100 year flow. If Alternate
No. {l is built, this overflow from Culvert No. 1, not being able to get back into the ditch, will
flow south to Culvert No. 2 in the frontage road and Ellsworth Road. This will be the only
perceived change to the drainage pattern in the area.

Estimated Cost: $340,000
Alternate No. lli

This alternate would be to protect the ditch from traffic using standard guard rail. In
order to protect traffic in Ellsworth Road from impalement on the ends of this guard rail, a
tangent extruder type end treatment should be provided on each end of the installation
(length = 50’). On the north end, Culvert No. 1 will need to be extended 50 feet to
accommodate this end treatment. On the south end, the end treatment can be extended
beyond the entrance to Culvert No. 2.

Guard rail is normally offset 2 feet from the edge of the traveled lane or in the case
of a curb and gutter situation, an extra 2 feet of lane width is provided to the adjacent lane.
In this case, the additional 2 feet cannot be provided. This will tend to make the traffic in
the outside northbound lane of Elisworth Road feel constricted because of the proximity of
the guard rail. Alternate No. Il will not affect the drainage patterns in the area.

Estimated Cost: $120,000
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Vil. Ditch No. 3 Alternates

Again, as in Ditch No. 2, the 100 year high water elevation at Culvert No. 3 was
evaluated. The capacity of Culvert No. 3 is approximately 120 cfs while the 100 year flow
is 266 cfs. This high water was calculated to be 1489.63. The finished floor elevation of the
adjacent residence is 1491.40, approximately 1 ft. 9 In. above the 100 year ponded
elevation.

Also, for evaluation purposes, the 100 year water surface elevation was estimated at
the north end of Ditch No. 3, just south of Pueblo Avenue and again about half way along
Ditch No. 3. To see the affect of changes in the existing ditch, this was done as if the lined
ditch was not there. To estimate this, the east half of Ellsworth Road and the frontage road
were considered an open channel and the normal depth of the 100 year flow calculated.

As shown in the attach drawing for Alternate No. |, the high water elevation at the north end
for the 100 year flow with no ditch is 1498.89 and the adjacent finished floor is 1500.62.
The 100 year high water about half way south is 1493.96 and the adjacent finished floor
elevation is 1495.76. This means that alternates can be considered that reduce the
capacity of or eliminates the existing concrete lined ditch.

Four alternates were considered for Ditch No. 3. The first alternate was to do
nothing.

Alternate No. il

This alternate would be to eliminate the existing ditch by extending Culvert No. 3
north along the ditch alignment to a point just south of Pueblo Avenue. This will require a
rather large grated drop inlet at the north end of the culvert to pick up a similar flow as the
existing culvert is picking up at the south end. This inlet needs to be about 110 ft. long by 6
fi. wide. Catch basins would need to be spaced along each side of the box to pick up minor
flows generated in Ellsworth Road and the frontage road.

The existing lined ditch has the capacity to carry all of the flow from the 100 year
storm. Extending Culvert No. 3 to eliminate the ditch will have the affect of increasing the
flow in Elisworth Road and the frontage road by forcing the overflow water at the inlet out of
the ditch and into the street. But as can be seen by the analysis of the flow elevations with
no ditch present, this alternate will not affect the adjacent residential finished floors. This
overflow will continue to flow across Sunland Avenue to the existing ditch to the south.

Estimated Cost: $590,000
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Alternate No. lli

This alternate would be to add a grated drop inlet to the north end of Culvert No. 3
(110 ft. x 6 ft.) and replace the existing lined ditch with what is considered a traversable and
smaller ditch.

A 4 to 1 slope is generally thought of as a traversable slope. Therefore a vee
shaped concrete lined ditch with 4:1 slopes (depth = 1.3 ft.) was analyzed. The capacity of
the ditch is approximately 46 cfs when flowing at a depth even with the adjacent gutters.
This would be slightly less than a 2 year storm. Existing curb depressions will allow low
flows into the ditch.

As has been previously discussed, the larger ditch is not needed to keep the 100
year storm below the adjacent finished floors, but this alternate would put flows that are
now carried by the ditch into Elisworth Road and the frontage road.

Estimated Cost: $200,000

Alternate No. IV

This alternate would protect the existing ditch with guard rail. As with Ditch No. 2,
the ends of this guard rail would have to be protected with tangent extruder end treatments.
To provide this, about 50 feet of the north end of the ditch would have to be filled and
Culvert No. 3 (6’ x 3’ CBC) would have to be extended 50 feet to the north. The existing
concrete lining would have to be removed and replaced after the guard rail is in place. As
discussed in regards to Ditch No. 2, this alternate would have the same constricting effect
on the outside northbound lane of Elisworth Road.

Estimated Cost: $180,000

Cost Summary:

Ditch No. 2

Alternate No. | $0
Alternate No. |l $340,000
Alternate No. Il $120,000
Ditch No. 3

Alternate No. | $0
Alternate No. lI $590,000
Alternate No. [H $200,000
Alternate No. IV $180,000
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VIll. Recommendations

Ditch No. 1

it is recommended at this time to leave this small ditch as it is. Until the problem
with the runoff crossing Elisworth Road and ponding in the area of Ditch No. 1 is fixed, any
effort to remove Ditch No. 1 could only increase the County’s liability.

Ditch No. 2

Alternate No. Il is recommended. Alternate No. |, Do Nothing, would be
unsatisfactory in that the hazard would still be present. Alternate No. lll, Guard Rail, is an
economical solution. But guard rail is a hazard in itself. Guard rail would be in effect
trading one hazard for another.

Alternate No. Ii, although costly, would remove the hazard and not adversely affect
drainage in the area. The box culvert extension will not adversely affect the headwater for
Culvert No. 1 or the he<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>