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PHASE 1 drainage improvement recommendations include obtaining all major drain-
age floodway easements and providing drainage channels and structures for all the
developed areas north and south of the North Branch of the Santa Cruz Wash. See
"Drainage Easements, Channels and Structure Summary Map", in the map pocket of
this report along with the cost estimate breakdowns in the report. The total cost
estimate for Phase I improvements is $12,592,004.

PHASE I drainage improvement recommendations would be to provide major
drainage structures at points identified on the "Drainage Easements, Channels and
Structure Summary Map". These areas are currently undeveloped, some falling
outside of the current city limits. The total cost estimate for Phase II

improvements is $399,800.

PHASE 1l drainage recommendations consist of street improvements, minor drain-
age channeling and a retention basis for the area identified as the Southside
neighborhood. This area is defined on Plate 6 of this report. The total cost
estimate for Phase IIl improvements is $684.965. The retention basin design has two

alternate cost estimate items; drywells at a cost of $24,000 or pump cost at
$23,838.

The total cost of all three phases is $13,015,804 plus the cost of one of the Phase III

alternates say $24,000. Rounding these figures to an estimated Grand Total of

$13,040,000.
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INTRODUCTION

The purpose of this report is to evaluate the potential 100 year event (QIOO) storm
water runoff in the City of Casa Grande and the contributing drainage areas outside
of the city limits. Flooding problem areas were determined from site visits,
including one during a rainstorm, and by discussions with city staff and local
residents. Recommendations to control flooding are intended to provide a maximum

of relief, yet not exceed the financial capabilities of the city.

This report first evaluates the runoff to the North Branch of the Santa Cruz Wash
and identifies composited peak runoffs at six concentration points shown on the
Master Drainage Map (see Map Pocket of this report). Recommendations for sizing
of drainage channels, structures, and drainage easements are made after existing

runoff conditions for the six concentration points are discussed.

The report then evaluates Casa Grande's urbanized areas north of the Southern
Pacific Railroad tracks up to the North Branch of the Santa Cruz Wash. Also
covered are the rural and semi-developed areas bordered by Peart Road and Cox
Road from west to east and State Route 84 and 93 from the south up to the North
Branch of the Santa Cruz Wash. Recommendations are made in this section after
each existing condition is described in the narrative.

The third section of this report deals with the urbanized areas south of the Southern
Pacific Railroad and is identified as the Southside Neighborhood. Existing condi-
tions are first covered, then recommendations are made for each of the problems
identified.

The last section of the narrative is a suggested Drainage Ordinance and a summary
of all recommendations made in this report along with cost estimates for each

recommendation.

All calculation sheets, tables, and maps are included in the appendix of this report.



METHODOLOGY

The Soil Conservation Service (SCS) methodology was used to compute the peak
discharge for drainage areas north of the North Branch of the Santa Cruz Wash, and
for farmlands and undeveloped desert land falling east of Peart Road to Overfield
Road. The Rational Method was used to compute the peak discharge for the urban,

rural, and semi-developed areas in and around Casa Grande.

Formulas, tables, and other required data were based on "Hydrology Design for
Highway Drainage in Arizona" by the Arizona Highway Department, Bridge Division,
dated December 1, 1968 and revised in 1975, the ADOT report titled: "Hydrologic
and Hydraulic Training Session", dated October 16-18, 1972, revised December,
1973, and "Hydraulic Engineering Circular No. 5" by the U. S. Department of
Commerce, Bureau Public Roads. Drainage areas are delineated on the Master
Drainage Map, which is a composite of U. S. Geological Survey Quadrangle Maps
titled: "Casa Grande West" and "Casa Grande East". The drainage areas were also

verified by site visits and discussions with city staff and local residents.



EXISTING RUNOFF CONDITIONS TO THE NORTH BRANCH OF THE SANTA
CRUZ WASH

Refer to the Master Drainage Map (in the Map Pocket of the Report) for drainage

areas, flow patterns, and peak runoff quantities described in this narrative.

The existing North Branch of the Santa Cruz Wash, hereinafter referred to as the
North Branch, intercepts runoff from the following major areas: runoff from the
top of the Sacaton Mountains, defined as Drainage Areas A and B, flows south to the
North Branch; and runoff from east of I-10, bordered approximately by the Casa
Grande Canal to the south and Overland Road to the east, flows in a generalized
northwest direction to the North Branch having to cross under I-10 at various

existing outlet points (identified on the Master Drainage Map).

This runoff from east of I-10 eventually combines with runoff from the Sacaton
Mountains (Drainage Areas A and B) at a concentration point in the existing North
Branch identified as Concentration Point 1. The total composite QIOO peak runoff
equals 2,000 cfs at this point. As this runoff continues west down the North Branch,
additional runoff is intercepted from the north and south sides of the wash.
Drainage Areas C and D from the north combine at Concentration Point 2 with the
drainage areas from the south side bordered between I-10 and Peart Road, east to
west, and by State Route 84 and 93 to the south. The total composite QIOO peak

runoff equals 3,500 cfs at Concentration Point 2.

The runoff passing concentration Point 2 is conveyed by a drainage channel to
Trekell Road and passes through an existing 5-8'x4' concrete box culvert. The
current alignment of the North Branch of the Santa Cruz Wash, as shown on the
Drainage Map, is to be bypassed. A new channel has been located by city forces
approximately 1,100 feet to the south. This new alignment closely matches the
historic confluences of the North Branch. Minimum channel geometrics and
structure size under Trekell Road are covered in the "Recommendations" section of

this report.

The new channel location at Trekell Road is identified as Concentration Point 3.

Runoff from Concentration Point 2 will be channeled to the new alignment. Minor



runoff areas E-1, E-2 and EA-7 fall between Concentration Points 2 and 3 flow down
the North Branch before the composite peak runoff arrives; therefore, the total
composited QlOO peak runoff equals 3,500 cfs at Concentration Point 3. Continuing
west and downstream from Concentration Point 3, Drainage Areas Fl, F2, and H
contribute runoff from the north to the North Branch (see Master Drainage Map).
Runoff from the upper city portion of Casa Grande contributes runoff from the
south to the North Branch. A more detailed description of the flow patterns from
the upper city portion falling between Peart Road and Pinal Avenue, from the east

to the west, is covered later on in this report.

The total composited QlOO peak runoff for Concentration Point 4, located at the
inlet of the existing bridge under Pinal Avenue, equals 4,400 cfs. Calculations show
the existing bridge to have an effective capacity of 3,090 cfs. From Concentration
Point 4, drainage is conveyed west in the North Branch approximately 10,400 feet to
Concentration Point 5. Between Concentration Points 4 and 5, the North Branch
intercepts runoff from Drainage Areas 1G, 2G, J, K, L, S-1, S-2 and S-3. The total

composited QlOO peak runoff from Concentration Point 5 equals 9,800 cfs.

From Concentration Point 5, drainage is conveyed to the southwest for approxi-
mately 7,600 feet to Concentration Point 6. Between Concentration Points 5 and 6,
the North Branch intercepts runoff from the mid-city portion of Casa Grande and
Drainage Areas N and P. The total composited Qo0 peak runoff for Concentration
Point 6 equals 11,500 cfs. Runoff at Concentration Point 6 passes under the
Southern Pacific Railroad in a northwesterly direction to eventually combine with
the Santa Cruz Wash. Runoff calculations along with the composited peak

hydrographs can be found in the appendix section of this report.



RECOMMENDATIONS

Minimum wash geometrics and easement widths required for each concentration
point identified along the North Branch have been calculated and are shown on
Plates | and 2 in the appendix. Only channel improvements are recommended
between Concentration Points | and 2 which fall outside the city limits. From
Concentration Point 2 to 3, it is recommended that a 250-foot wide drainage
easement be obtained to convey the runoff to Concentration Point 3 along the
realignment of the North Branch. The North Branch will be realigned to match
closely its historic confluence. This realignment will require a new 15-10'x4

concrete box culvert under Trekell Road at Concentration Point 3.

It is recommended that the existing 5-8'x4' concrete box culvert at Trekell Road and
a segment of the old existing channel alignment of the North Branch between
Concentration Points 2 and 3 be removed to allow for future development. Drainage
channels would be extended from the north where they intersect the old alignment

to the recommended new alignment of the North Branch.

To drain the area falling between the old and recommended new North Branch
alignment between Concentration Points 2 and 3, it is recommended a drainage
channel and easement along the east side of Trekell Road be allowed for the flow
south across Bisnaga Street and Yucca Street to the new alignment. The existing
dip section in Trekell Road between Bisnaga and Yucca Streets should be eliminated
by raising the grade of Trekell Road at this location. This would help keep runoff
from an existing subdivision from flowing west across Trekell Road and divert it by

channel to the new alignment of the North Branch directly south of the subdivision.

Runoff from drainage areas E-1 and E-2 drain south in existing channels to the old
North Branch alignment. It is recommended new channels and easements be
acquired. The easements with channels would be south of Rodeo Road and Colorado
Street to the new alignment of the North Branch and south of Rodeo Road and
Pueblo Drive to the new alignment of the North Branch (see Drainage Map 10). It is
recommended that 3-33" C.M.P.'s be located under Rodeo Road east of Colorado
Street.



On the west side of Trekell Road, between Rodeo Road and the old North Branch,
the existing drainage channel and dike should be retained and continued south down
to the new alignment of the North Branch. It is recommended that the new channel
not flow directly into the wash at a right angle, but be diverted by dike to flow into
the North Branch at approximately a 45 degree skew and outlet downstream of the
existing trailer park on the south bank of the realigned North Branch.

Existing washes north and south of Rodeo Road, located between Trekell Road and
Pinal Avenue, would be required to have drainage easements with minimum channel
geometrics recommended on the "Easement, Channels and Structure Summary Map"
(see Map Pocket).

It is recommended that the drainage area north of Val Vista Boulevard, identified on
the Master Drainage Map as 1G, be diverted from flowing directly south to the
North Branch. The QIOO peak runoff of 1,540 cfs from Drainage Area 1G would be
intercepted at Val Vista Boulevard and conveyed west by a new drainage channel
approximately 5,000 feet in length requiring a 60-foot wide drainage easement.
This diverted runoff flows to an existing drainage channel and continues west
combining with runoff from Drainage Area 2G to an existing 5-10'x7' concrete box
culvert under State Route 387 (Pinal Avenue). Calculations show the structure to be
of adequate capacity to handle the combined Q100 runoff from Drainage Areas 1G
and 2G. Calculations for channel sizing and existing structure capacity are in the
appendix section of this report. It is anticipated that Trekell Road will be extended
north across Val Vista Boulevard across the new drainage channel. When develop-
ment of the area warrants it a new 5-10'x5'x60'+ concrete box culvert should be

located under Trekell Road at the new drainage channel alignment.

The proposed routing of drainage area 1G will convey a significant amount of runoff
away from the developing areas directly south of Rodeo Road and future develop-
ment south of Val Vista Boulevard. The runoff continues from the existing structure
under State Route 387, south through an existing drainage canal to the North Branch
of the Santa Cruz Wash. = The canal outlets at Concentration Point 5, a wider
downstream section in the North Branch, and away from the heavier developed areas

east of State Route 387 (Pinal Avenue).
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EXECUTIVE SUMMARY

This summary is to provide an overview of the key points covered in the Casa
Grande Drainage Study. Major drainage areas are defined on the "Master Drainage
Map" (in the map pocket of this report). Drainage easements, channels and
structure locations and sizes are identified on the "Drainage Easements, Channels
and Structure Summary Map" (also in the map pocket of this report). Drainage
channels and structures are sized to handle a 100 year storm event but due to
extremely flat grades street flooding will still occur. Drainage channels have been

located to provide relief from major street flooding and ponding.

A suggested drainage ordinance has been recommended in this report for the City of
Casa Grande. This ordinance would require future developing areas within the city
limits to maintain total on-site detention. On-site runoff would not be allowed to
combine with any peak runoff occurring. It is also recommended that a drainage
ordinance agreement be submitted to Pinal County officials requiring the areas
falling outside of Casa Grande's city limits but contributing runoff to the North
Branch of the Santa Cruz Wash develop and enforce an on-site detention policy so as
not to increase or adversely divert the runoff by development of the land outside of
the city limits. If both the city and county develop and enforce their drainage
ordinances, future developments will detain the QlOO design runoff and decrease the

peak runoffs to the North Branch.

The overall effect of the drainage ordinance would cause existing runoffs from each
new developed area to be intercepted and detained during a rainstorm. This
detention would take away from the existing total runoff amounts downstream of
the developments and reduce the amount of runoff in the streets, drainage channels
and structures. If a drainage ordinance is not developed and enforced by the city,
future developments would cause increased site runoff and would overcapacitate the

proposed drainage channels and structures recommended in this report.

Recommendations to control flooding are intented to provide a maximum of relief
yet not exceed the financial capabilities of the city. The cost estimates in this
report break the total drainage improvement cost down to three recommended

phases of implementation.
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The total composited Qo Peak runoff flowing in the North Branch between
Concentration Points 3 and 4 equals 4,400 cfs. This volume requires a minimum
drainage easement 250-foot wide at Trekell Road, for a 4-foot deep channel and
250 feet wide at Concentration Point 4 (Pinal Avenue). The existing bridge

structure's effective capacity was figured to be only 3,090 cfs, a difference of 1,310
cts.

It is recommended that, as undeveloped areas contributing runoff to the North
Branch become developed, the city require by drainage ordinance those areas within
city limits to maintain total on-site detention which will not be allowed to combine
with any peak runoff occurring. It is also recommended that a drainage ordinance
agreement be submitted to Pinal County officials requiring the areas falling outside
of Casa Grande's city limits but contributing runoff to the North Branch develop and
enforce an on-site detention policy so as not to increase or adversely divert the
runoff by development of the land outside of the city limits. 1f both the city and
county develop and enforce their drainage ordinances, future developments will
detain the Q4 design runoif and decrease the peak runoffs to the North Branch. A

proposed drainage ordinance is presented later on in the report.

The time involved for the surrounding land to become developed under drainage
ordinance criteria and reduce the composited QIOO peak runoff to the existing
bridge at concentration Point 4 by a minimum of 1,310 cfs would have to be
evaluated by the City of Casa Grande officials. If the city chooses this method, the
North Branch channel between Concentration Points 3 and 4 would require a
minimum drainage easement of 250 feet for a 4-foot deep channel with an

additional one foot for freeboard.

If the city chooses to have a channel and bridge structure capable of handling the
current total composited QIOO peak runoff of 4,400 cfs, the following criteria must
be met. First, a drainage easement of 220-foot width at Concentration Point 3
(Trekell Road) tapering uniformly out to a 250-foot width at Concentration Point &
(Pinal Avenue) be acquired. Second, it is recommended the two end barrels of the
existing bridge at Pinal Avenue be cleaned out to increase the effective opening
from 568 square feet to 700 square feet. This will increase the existing bridge's

capacity from 3,090 cfs to 4,203 cfs. However, this capacity is still insufficient to



pass the &,400 cfs from the 100-year event and may cause slight overtopping of the
structure. The final improvement at this location would be to protect the inlet side
of the bridge with riprap bank protection transitioning the 250-foot wide channel
down to the 140 feet of effective bridge width.

The section of the North Branch between Concentration Points 4 and 5 requires a
large amount of clearing and grubbing of existing vegetation which currently
restricts the flow. The North Branch alignment parallels the golf course and is just
north of the city limits between Concentration Points 4 and 5. It is recommended
that a drainage easement 400 feet wide be obtained for 6,000 feet, then widened
uniformly out to 700 feet as the flow passes Concentration Point 5. The composited

QlOO peak runoff for Concentration Point 5 equals 9,800 cfs.

Runoff from drainage areas S-1, S-2 and S-3 flows north to the North Branch
between Concentration Points & and 5. A dip section exists across Kortsen Road
approximately 2100 feet west of Pinal Avenue. It is recommended that as this area
between the golf course and Three-Point Airport developes a 2-10'x3'x60+ concrete
box culvert under Kortsen Road at the dip section be constructed along with a

drainage easement and channel down to the North Branch (see Drainage Map 9).

The last section of the North Branch to be analyzed in this report falls between
Concentration Points 5 and 6. No easement or revised channel geometrics are
recommended for this section. Flow from Concentration Point 5 would be allowed
to combine with the existing channel flow which widens out to approximately 1,500
feet. The total composited QlOO peak runoff for Concentration Point 6 equals
11,500 cfs.



EXISTING UPPER CITY RUNOFF TO THE NORTH BRANCH WITH
RECOMMENDATIONS

Starting with Drainage Area U-8, runoff begins to pond in Pueblo Drive beside the
existing K-Mart store. The ponding spreads to the vacant field behind K-Mart when
flow tops the existing curb. This area should be considered as a possible detention
site if the property is available. The runoff is then conveyed north down Pueblo
Drive to the intersection with McMurray Boulevard where additional ponding occurs.
The alley at this intersection has a depressed driveway which acts as a barrier to the
natural flow pattern causing ponding to back up Pueblo Drive. The depressed
driveway to the alley needs to be lowered or totally removed, closed to traffic as it
is now, and maintained as a drainageway for storm runoff. The runoff flows through
the alleyway along Pueblo Drive to its junction with Manor Drive. It is then
conveyed north by an existing V-ditch. Ponding occurs in the existing V-ditch when
flow reaches Cottonwood Lane. Ponding in this area also occurs along Cottonwood
Lane, on both shoulders of the roadway east to Peart Road and west to the
intersection with Trekell Road. It is recommended that the existing V-ditch be
widened to a 60-foot channel and the existing grades on both sides of Cottonwood
Lane be improved to allow runoff to flow down to Trekell Road. It is recommended
that either a roadway ford or a drainage structure be located at a point where the
new drainage channel meets Cottonwood Lane (see Drainage Map 1) to convey
runoff to north side of Cottonwood Lane then west in an improved drainage channel

to an existing ditch running north along the east side of Trekell Road.

Runoff from Drainage Area U-9 is conveyed by an existing V-ditch down to
Cottonwood Lane where it ponds and eventually flows down to Trekell Road. It is
recommended that the existing V-ditch be widened as shown on Drainage Map 1 and
a 60-foot wide drainage easement be obtained for the new channel. A roadway ford
or drainage structure is also recommended where the drainage channel intersects

Cottonwood Lane. Channel and structure sizes are shown on Drainage Map 1.

The existing drainage ditch running north along the east side of Trekell Road
combines the runoff from Drainage Areas U-7, U-8, and U-9. This runoff moves
very slowly due to extremely flat channel grade to the next outfall at the

intersection with Kortsen Road. The existing channel geometrics need to be



improved to handle the Qs5q or Qiop runoff. The minimum required channel
geometrics are shown in the appendix. The existing two [8-inch CMP crossings
under the intersection of Trekell Road and Kortsen Road are undersized for a Q5O or
Qo0 runoff. If the existing two 18-inch CMP's are retained, a detention site is
recommended to sufficiently retard the flow keeping it from crossing over the
intersection while it outflows through the existing two 18-inch CMP's. It is
recommended that four 10x3-foot concrete box culverts be installed in place of the
existing two 18-inch CMP's to convey the drainage west along Kortsen Road. It is
recommended at this point that the drainage area identified as EA-7 on the Master
Drainage Map be required to provide minimal on-site retention until it is developed.

Development would also require a more extensive on-site detention design.

For now, it is recommended that the runoff be detained with two 2x2500-foot berms
(see Drainage Map 2). One berm would be located starting approximately at the
intersection of Trekell Road and Kortsen Road, runs 2,500 feet to the east along the
south side of Kortsen Road right-of-way. The other berm runs approximately 2,500
feet to the north along the new drainage channel by Trekell Road. This berm would
intersect the berm running east along the right-of-way line of Kortsen Road at the
intersection of Trekell Road and Kortsen Road. A 12-inch diameter pipe would be
located at the intersection point of berms to drain the detained runoff to the new
4-10'x3' concrete box culverts outletting into the drainage channel along the north
side of Kortsen Road (see Drainage Map 2). Current grading for the drainage ditch
along Kortsen Road is inadequate and does not carry flow without ponding and
crossing the road at several locations. It is recommended that a drainage easement
along the north side of Kortsen Road be obtained to allow for a 60-foot wide
channel approximately 4,000 feet in length to convey the runoff west to a point
approximately 100 feet east of Center Avenue and away from any utility easements
(see ‘Drainage Map 2). From this point, drainage would be channeled north to the
North Branch. This would require a 150-foot wide drainage easement approximately

2,600 feet in length (see Drainage Map 3).

Runoff from Drainage Area U-6 flows north down Kadota Avenue to combine with
Drainage Area U-2. It continues down Kadota Avenue to O'Neil Drive where it
flows to the west to Casa Grande Avenue, then to the north down Casa Grande

Avenue (see Drainage Map 2) to Racine Place, west across from Racine Place to an
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existing V-ditch channel flowing west then north to Kortsen Road where the flow
ponds west to eventually flow to the State ditch along Pinal Avenue. It is
recommended the existing V-ditch channel be widened to a 50-foot channel and a
drainage easement be obtained for this area. See Drainage Map 2 for recommended
new channel alignment and size. It is further recommended that a drainage
structure, 3-10'x3 1/2' concrete box culvert, be located under Kortsen Road as

shown on Drainage Map 3 to convey the runoff north in a new drainage channel to
the North Branch.

Runoff from Drainage Area U-5 combines with Drainage Area U-2 flowing down
Casa Grande Avenue to enter an existing V-ditch across from Racine Place. It was
infeasible to recommend a storm drain system with catch basins for Casa Grande
Avenue due to the extremely flat grades. The storm drain mainline could not be
outletted to a wash with minimal drainage slope. A new drainage easement and
channel along the north side of O'Neil Drive is recommended to intercept runoff
from O'Neil Drive flowing west across Casa Grande Avenue and to intercept
overflows from Casa Grande Avenue. The runoff would be conveyed west
approximately 1,100 feet from the intersection of Casa Grande Avenue and O'Neil
Drive then north approximately 2,600 feet to combine with additional runoff from
Racine Place and Casa Grande Avenue. This combined runoff is conveyed
approximately 1,300 feet north to Kortsen Road through a previously recommended
3-10'x3 1/2' concrete box culvert and drainage channel to the North Branch (see

Drainage Map 2 and 3).

Runoff from Drainage Area U-3 collects up at Park Avenue and flows north to cross
Cottonwood Lane at a dip section combining with runoff from U-1 and conveyed by
existing V-ditches to flow into a concrete-lined State ditch (see Drainage Map 2). It
is recommended a new drainage easement 26 foot wide with channel be provided for
between Cottonwood Lane and O'Neil Drive in drainage area U-1 (see Drainage Map
2). This new channel will also convey the runoff from drainage area U-3 to the
State ditch. The State ditch carries the runoff to the North Branch. The State
ditch currently is sized to handle a runoff of approximately 146 cfs. If a Qloo
design capacity is to be carried, the channel will have to be widened an additional

four feet.

All calculations for drainage channels and structure sizes are to be found in the
appendix section of this report (see the Easements, Channels and Structure Summary

sheet).



EXISTING MID-CITY RUNOFF WITH RECOMMENDATIONS

Starting with the Drainage Area M-2, runoff flows from the intersection of Peart
Road and State Route 84, 93 in a northwesterly direction, combining with runoff
flows from city side streets flowing to the north and northwest, and finally outlets
at an existing 2-6'x3'x180' concrete box culvert under the Gila Bend Highway just
east of the underpass under the Southern Pacific Railroad. Runoff from Drainage
Area M-3 is also conveyed down Florence Boulevard to outlet at the same box
culvert. The composited peak Q;n runoff for Drainage Areas M-2 and M-3 equals
346 cfs at the existing box culvert. The capacity of this culvert, assuming a flow
velocity of 5 fps, is only 180 cfs. It is recommended three additional barrels be

added to the existing culvert making it a 5-6'x3'x180' concrete box culvert.

Runoff in Drainage Area M-3 is partially stored in Peart Park. The park has a
retention capacity of approxxmat\ju ere~fee{ﬂ The stored water is pumped into
the park area by pumps of l 50007and l gpm capacity and allowed to overflow the
Park onto Florence Boulevard after the rain storm peak has passed. It is
recommended that a storm drain system starting at Peart Park be located down
Florence Boulevard (see Drainage Map #). This system would be sized to intercept
approximately 100 cfs. The QLQO pgak runoff for Dramage Area M- 3 1s 140 cfs.
The remaining 40 cfs would be carried down Florence Boulevard w1thout ﬂoodmg the
street. The maximum size of mainline pipe required to convey 100 cfs at
approximately a 0.25 percent slope would be 54 inches at the final catch basin
intercept point. The storm drain mainline approximately 3,000 feet in length would
have catch basins located along Florence Boulevard to intercept runoff from Peart
Park (after the rain storm) at North Florence Street, Fourth Street, North Sacaton
Street, and North Maricopa Street. The storm drainage mainline would outlet at the
existing 2-6'x3'x180' concrete box culvert under the Gila Bend Highway. A
schematic detail showing mainline pipe sizes and lengths is in the appendix section
of this report (see Plate 4). Continuing on from the outlet end of the proposed
modified structure (4-6'x3' concrete box culvert), the composited Q| go Peak runoff
from Drainage Areas M-2 and M-3 would be conveyed northwest down First Street.
At the intersection of First Street with Shultz Street, the runoff from Drainage

Area M-l being conveyed down the existing streets is composited with Drainage
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Areas M-2 and M-3. The total composited peak QIOO runoff at this point equals 610
cfs. It is recommended at this point a drainage channel and easement 60 feet wide
be obtained to convey the runoff down to Thornton Road. There are currently two
existing 36-inch CMP's under Thornton Road. It is recommended they be replaced
with 3-10'x4' concrete box culverts to adequately pass the ruﬁoff under Thornton
Road. The existing channel on the west side of Thornton Road would need to be
improved to at least match the 60-foot wide channe!l proposed between First Street
and Thornton Road (see Drainage Map 5). The improved channel would be continued
northwesterly along the north side of the Southern Pacific Railroad to outlet at
Concentration Point 6 in the North Branch. Before the improved channel outlets at
Concentration Point 6 in the North Branch an existing railroad spur blocks the
normal flow path, diverts it north along the spur to the Maricopa Highway where it
turns back to the west under the railroad spur through an undersized opening
approximately 32 foot wide by one and one-half foot high. It is recommended a 3-
10'x4'x50' concrete box culvert be located under the spur back at the point where
the natural wash flow is diverted north, approximately 260 feet south of the
Maricopa Highway (see Drainage Map 6). The existing structure under the railroad
spur would be retained to handle minor runoffs from the fields to the east and the
diversion channel along the spur would be filled in to realign the wash with the new

recommended structure.

All calculations for drainage channels and structure sizing are to be found in the
appendix section of this report (see the Easements, Channels and Structure Summary
Map).
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EXISTING VIP BLVD. RUNOFF CONDITIONS WITH RECOMMENDATIONS

Existing Conditions: Referring to Drainage Map 6 for the VIP Boulevard area in the
appendix, existing irrigation canals in areas V-1 and V-3 divert flows from the east,
in a northerly direction, to an existing ditch that flows northwesterly along the
south side of the Southern Pacific Railroad tracks. This ditch which outlets to the
North Branch wash has an approximate capacity of 500 cfs and will require
increased capacity to adequately convey the peak flow from subareas V-1, V-2 and
V-3 (see Drainage Map 6). The existing berms and cultivated fields to the east

presently create long lag times which reduces the peaking effect from combined

tributary areas.

Recommendations: A new 10'x3'x100' concrete box culvert is recommended to be
located under the Gila Bend Highway at the northwest corner of the Meridith/Burda
Western Plant along the east side of an existing irrigation canal. It is recommended
a new drainage channel be located approximately one-half mile to the north of this
structure to intercept runoff from drainage area V-la. North of the Gila Bend
Highway a new drainage channel is recommended to convey the runoff from
drainage area V-la north to a new 3-10'x3'x60' C.B.C. located under the Old
Maricopa Highway. This section of new drainage channel will also intercept runoff
from drainage area V-1b (see Drainage Map 6). Runoff is then conveyed to the
northwest under an existing railroad spur through a recommended 3-10'x3'x60'
C.B.C. Runoff would continue to the northwest in an improved drainage channel

running along the north side of the Old Maricopa Highway to the North Branch.

To drain tributary area V-2 a drainage easement and channel located approximately
400 feet west of VIP Boulevard beginning at the Gila Bend Highway will convey
runoff northerly to the existing south side railroad ditch. Runoff from area V-3 may
be conveyed in a similar channel along the east side of Burris Road starting
approximately 1,100 feet north of the Gila Bend Highway (S.R. 287), flowing
northerly and combining with eastern flows in the existing railroad ditch. Recom-
mended future drainage structure locations are shown on Drainage Map 6 along with
channels. For recommended sizes see "Easements, Channels and Structure Summary
Map". It is imperative to enforce on site detention for any future developments to

the east in order to minimize costly accomodations for downstream areas.
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EXISTING RUNOFF FOR RURAL AND SEMI-DEVELOPED AREAS WITH
RECOMMENDATIONS

A large portion of the land falling between Peart Road and Cox Road is currently
farmland and beyond the city limits. Storm water runoff from cultivated fields is
very low and is trapped by small berms around the lower end (the northwest
corners). Farmers should be encouraged to continue the practice of berming their
fields (to at least one foot high) to prevent runoff during peak storms and to provide
a detaining action to the runoff. It is recommended that as the farmlands and
surrounding undeveloped desert areas become developed, thereby increasing the
runoff, the city will require those areas falling within the city limits to maintain
total on-site detention which will not be allowed to combine with any peak runoff
occurring. It is further recommended that a drainage ordinance agreement be made
with Pinal County officials. This agreement should require that all land outside of
Casa Grande's city limits that contribute runoff to the North Branch, maintain an
on-site detention design so as not to increase or adversely divert the runoff. Also,
that any future developments be required to submit a drainage study to the county
and city reflecting the pre- and post-development conditions and the proposed
drainage design conforming to the drainage ordinance of the city and/or county for

approval.

It is recommended that a drainage easement with channel be placed to the east side
of the future alignment of Peart Road between Florence Boulevard and Storey Road
(Cottonwood Lane). Field investigation revealed an existing dike, perhaps from past
farming use, was located along this alignment and that it is almost totally eroded
away. To insure that future runoff does not divert west into developed areas of
Casa Grande the new ditch and dike would continue conveying the flow north to
Storey Road where it would match into an existing maintained ditch running north

along existing Peart Road to empty into the North Branch.

Runoff from Drainage Areas EA-4 and EA-5 that is not detained in cultivated fields
flows north to pond against Florence Boulevard (see Drainage Map 7). During peak
flows the ponding will flow to the west across Peart Road along Florence Boulevard
and combine with Drainage Area U-8. To prevent this, it is recommended a relief

structure of 2-10'x3'x100+' concrete box culvert be located under Florence Boule-
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vard on the east side of Peart Road. This would aid as a future relief point when

and if existing farmlands become developed.

At the intersection of Earley Road with Peart Road, it is recommended that the
roadway grading be such as to insure that runoff continues flowing north along Peart
Road and does not combine with drainage areas to the west by turning west onto
Earley Road. New drainage easement with channel is recommended along the east
side of Peart Road between Earley Road and Florence Boulevard (see Drainage Map
7). South of the intersection of Hermosa Road with Florence Boulevard, it is
recommended that the 2-24" C.M.P.s with concrete "L" headwall under Florence
Boulevard be removed and replaced with 2-8'x3'x100'+ concrete box culvert. This
structure will provide an effective outlet for drainage area EA-3 (see Drainage Map
7). It is recommended a berm three foot in height by approximately 500 feet in
length be located between drainage areas EA-5 and EA-3 along the west side of the
recommended 2-8'x3'x100' concrete box culvert to prevent runoff from flowing west

and combining with drainage area EA-5 (see Drainage Map 7).

At the structure's outlet end north of Florence Boulevard it is recommended the
runoff be conveyed by a new drainage channel north to Cottonwood Lane (Storey
Road). It is recommended at this time a dip section in Cottonwood Lane be located
at the intersection with Hermosa Road. When future development warrants, a new
2-8'x3'x60' concrete box culvert would replace the dip section at Cottonwood Lane.
Runoff would then be conveyed to the west in a new drainage channel along the
north side of Cottonwood Lane to the intersection with Peart Road and then to the
north along the east side of Peart Road in a new improved drainage channel to the
intersection with Kortsen Road (see Drainage Map 8). At this time it is
recommended a dip section in Kortsen Road be located at the intersection with
Peart Road. When future development warrants, a new 4-10'x4'x80' concrete box
culvert is recommended under Kortsen Road aligned with the new drainage channel.
From the structure at Korsten Road runoff is conveyed by a new drainage channel to
the North Branch. See "Easements, Channels and Structure Summary Map" for

easement and channel sizing,
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EXISTING RUNOFF CONDITIONS FOR THE SOUTHSIDE NEIGHBORHOOD

Carter Associates, in line with our agreement, considered a 50-year event for
rainfall in the southside neighborhood. In order to analyze various solutions we
considered both a one hour and a 24 hour storm. The effects of these two 50-year

events will be discussed later in this section.

At first it was assumed that the runoff effecting the southside was being generated
by the entire drainage basin shown in Plate No. 5. As the investigation continued it
was found that the drainage contributing to flooding is restricted to a much smaller
area as shown in Plate No. 6. The effective drainage area is basically limited to

urbanized areas noted A, B, C, and D on Plate No. 6.

The influence of runoff from outside the city limits, during a 50-year event, is
limited to Florence Street between the city limits and Peters Road. Drainage from
areas south and east of the city is being either diverted into existing drainageways
or held behind berms and roadways. No drainage enters the southside neighborhood
from northeast of the railroad tracks as they form a barrier to flow from that

direction.

One critical area is the drainage ditch along the south side of Peters Road and the
culverts that pass water under Florence Street. This ditch seems to be adequate to
direct runoff fromAa 50-year event on toward the west past the city but
maintenance of the ditch and culverts is critical as even partial pluggage could
cause water to overtop the ditch and flow north along Florence Street into the

southside neighborhood.

Storm water from the local area as shown in Plate No. 6, flows generally northwest,
50-year storm runoff from fields surrounding the southside neighborhood will have
little or no impact on flooding within the city limits. Storm water runoff from
cultivated fields is very low and is trapped by small berms which existed around the
lower end of all fields at the time of this study. Farmers should be encourged to
continue the practice of berming their fields (to at least one foot high) to prevent

runoff from entering the city. Flows from industrial areas and from the
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railroad tracks also has little or no impact as each general drainage path is cut off

by roads or structures creating many small retention basins.

Storm water runoff from rural areas was estimated by Soil Conservation Service
methods while runoff from the urbanized area was estimated using the rational
method and assigning values of runoff coefficients, "C", consistant with the ADOT
manual "Hydrologic Design for Highway Drainage in Arizona". In general, runoff
from area D, Plate No. 6, makes its way to Florence Street flowing north to a
scupper on the west side of Florence Street just north of Ash and along a small ditch
on the south side of Third Avenue to Mercedes Street. Flow from areas B and C will
generally join flow from area D along Mercedes Street. Area A runoff may be split
between First Avenue and Main Avenue. Flows from all areas join together at Main
and Mercedes and then pond in an area bounded by the crown of Main Avenue, the
area around Mercedes Street and an access road into an industrial site at the curve
in the west end of Main near its intesection with State Highway 84. This ponding is
identified as a 100-year flood zone by the Federal Insurance Administration on their
Flood Insurance Rate Map (FIRM) for Casa Grande. Interviews with local residents
indicate that flooding does occur in an area approximately outlined on the FIRM
map. Mr. Dewey Powell, operator of a feed store at the southeastern end of the
flood zone, noted to the study team that his store has been totally surrounded by
water but maximum high water to date has been about 3-4 inches below the floor
level. This flood elevation inundates a portion of the intersection of Mercedes
Street and Main Avenue and totally submerges a portion of Mercedes and First

Avenue.

Alternatives Investigation. At this time all storm water runoff from the southside
neighborhood is carried in the streets or in street side ditches or depressions. As
runoff approaches the ponding area northwest of the intersection of Mercedes Street
and Main Avenue it is carried in Mercedes Street, First Avenue and along a

depression on the south side of Main Avenue.

Area D from Plate No. 6 tan carry 50-year one-hour or 24-hour event runoff in
existing improved streets. Existing streets in areas A, B, and C are not adequate to
carry any 50-year storm. Various alternatives were analyzed to reduce or prevent
these streets from submerging including: storm drains; improved streets, both

standard and inverted crowns; and different flow paths through drainage channels.
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Storm drains, if selected, would be required along Main Avenue, First, Second and
Third Avenues, and Florence and Mercedes Streets. To provide a minimum drainage

outfall, a large and deep (10 to 15 feet) retention basin would be needed.

If runoff is to be carried within the streets then all streets northwest of Florence

Street will require improvement with a combination of standard and inverted crown
sections.

The runoff loading on storm drains or streets could be minimized by routing some
water through new channels. Runoff from area D might be routed along the south
side of Third Avenue or in an inverted crown of Third Avenue, and channeled across
a farm lot northwest of Mercedes and into the existing ponding area or to a new
retention basin. An alternate route would be to reconstruct a portion of Ash Street
west of Florence Street to allow water from area D to bypass the City by eventually
flowing into the road ditch along the south side of State Route 84. this alternate
would require more construction but would reduce the size of the required rentenion
basin. Runoff travelling northwest along Second Avenue could also be directed
across Mercedes Street, through a channel along the northeast end of the same farm

lot and into an existing or new holding area.

Disposal of runoff was considered by construction of a new retention basin near the
existing ponding area (see Plate No. 6). Ultimate disposal of water by way of dry
wells and evaporation, by inverted siphon to downstream areas, and by pumping was

considered.

Alternatives Analysis. The use of storm drains was rejected early in the study
process due to the very flat slopes found in the southside neighborhood. Storm
drains would be very expensive and would require a very deep retention basin to

allow an outfall deep enough to give the conduits adequate slope.

Standard crown streets 32 feet wide with 4-inch roll curbs would handle runoff in
the higher portions of areas A, B, and C, but would be submerged at least by
Sacaton. If 7-inch vertical curbs were used, submergence would still occur by about
Katherine Street. Inverted crown sections along First, Second and Third Avenues
and Mercedes Street would carry a 50-year event but submergence would still occur

along Mercedes near the intersection of First and Main Avenues.
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Routing runoff from area D, either along Third Avenue, across the southwest side of
an existing farm lot and into a retention area, or along a reconstructed Ash Street
west of Florence Street, would relieve Mercedes Street and Main Avenue of a great
deal of their runoff load, and would allow the construction of standard street
sections in all but Mercedes Street and First Avenue. Directing water from Second
Avenue across Mercedes Street and into a drainage channel crossing an existing
farm lot would further lessen the impact of runoff on the intersection of Mercedes
and Main, but as Mercedes is capable of handling area A, B, and C runoff as an
inverted crown section this additional channel offers little added advantage.

As no easy drainage outlet from the southside neighborhood exists the construction
of a retention basin to reduce ponding along Main Avenue and Mercedes Street is
needed. Ultimate drainage from this basin can be accomplished in two ways: dry
wells plus evaporation or pumping. The use of inverted syphons was considered but
there is no reasonable outlet due to the flatness of the area. For this reason, an

inverted syphon was rejected.
The remaining methods were evaluated for both cost and convenience.

A pumping system will empty the retention basin more quickly than dry wells but
has two disadvantages. 1f water from the southside is pumped under the railroad
tracks to the main part of town it will have to be pumped slowly to avoid increasing
the peak runoff and possible flooding on the north side. Disposing of storm water in
this manner would require only a small pump but tunneling under the railroad would
be fairly expensive. Obtaining permits to tunnel under the railroad will also be a
long process requiring 6 to 9 months before construction could begin. Discharging
water to other areas such as the road ditch along State Highway 84 or to the
Highway 84 railroad underpass would require the approval of ADOT plus the
underpass pumps were designed for a certain volume of runoff and may not be
capable of handling additional water. Tunneling under the railroad and possibly
south Main Avenue, depending on the pipeline route selected, would also be required

for disposal to either location.

The use of dry wells will allow the disposal of storm water without moving it to

another location, requires little maintenance and is about the same price as a
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pumping system. Disadvantages associated with dry wells are that they are fairly
slow in draining retention basins, they may eventually plug requiring reconstruction
and require permits from the Department of Health Services (ADHS) to install. The
permitting process may be completed in about three months following submission of
a complete application. One possible problem with the dry well permitting process
is the existence of industrial or agricultural businesses in the area. ADHS will not
allow disposal by dry well if hazardous materials may be present in storm water
runoff. Requirements for proper protection of the dry wells may be instituted by
the City, but recommendations for such protections are beyond the scope of this

study.

Southside Neighborhood Recommendations. Based on the analysis of alternatives

the following recommendations are made.

As the reconstruction of some streets in the southside neighborhood is planned we
recommend that water from area D be directed along it's existing path as far as
Mercedes Street and then through a new channel to the proposed retention area. To
allow smooth flow and to minimize pluggage we recommend that the existing
scupper along the west side of Florence Street be removed and a depressed sidewalk

be constructed. This work could be accomplished by City crews at minimal cost.

An inverted crown section (see sketch in appendix) should be utilized when Third
Avenue is rebuilt. The estimated cost to reconstruct Third Avenue from Florence to
Mercedes, as a 32-foot wide, inverted crown street with vertical curb and gutter is
$112,300.

Conversations with City staff indicates there are no plans to reconstruct Main
Avenue at this time. To reduce the amount of water flowing along Main, it is
recommended that First Avenue and Second Avenue be constructed as inverted
crown streets and that Washington, Sacaton and Katherine Streets be reconstructed
as standard crown streets and be graded, as much as topography will allow, to flow

toward First or Second Avenue.
As Mercedes is, and will continue to be, a major drainage way, it also should be

reconstructed as an inverted crown street. The estimate of probable cost for the

reconstruction of all streets mentioned above, except Third Avenue, is $465,300.
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As an inverted crown street 32 feet wide, Mercedes would be capable of carrying a
50-year, one-hour storm. Since Main Avenue will not be reconstructed at this time,
however, water flowing down Mercedes will be forced to turn west at Main. A 50-
year, 24-hour event flowing from areas A, B, C and D could cause a problem at that
intersection. To minimize this, we recommend that a drainage easement be
obtained and a channel constructed to carry water westward from the intersection
of Third Avenue and Mercedes along the edge of an existing field, turning north and

emptying into a proposed retention basin as shown in Plate No. 6.

The present ponding around the intersection of Main and Mercedes and along Main
Avenue westward can be eliminated during a 50-year, one-hour event and minimized
during 50-year, 24-hour and greater events by the construction of a retention basin
on what is now vacant land, as shown in Plate No. 6. A basin with gradually sloping
sides and a maximum water depth of about five feet retaining a 50-year, one-hour
event would cost about $107,500. This basin would be capable of retaining about 12
acre-feet of water and would fit within the boundary of the existing vacant land
north of Mercedes and west of Main Avenue. A 50-year, 24-hour event would
require about 22 acre-feet of storage necessitating either a much deeper basin,
which is not recommended, or considerably more land area, which may not be

readily available.

As Main Avenue is not scheduled for improvement it is recommended that a well
defined channel be provided along the south side of Main from Mercedes to the
recommended retention basin and between Mercedes and Sacaton, to as great an
extent as possible, to maintain an unobstructed flow path for water flowing toward

the recommended basin.

Ultimate disposal of water from the proposed retention basin by way of dry wells is
recommended. A 50-year, one-hour event can be drained away in 48 hours or less by
the use of five 50-foot deep dry wells. The estimated cost for the dry wells is
$24,000, compared to about $23,800 for a pumping system. To minimize rapid
plugging of a system of dry wells, it is recommended that the proposed retention

basin be seeded to help trap silt and organic materials.
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The total cost for all recommended improvements to the Southside Neighborhood
Drainage System is $709,100, which includes a 20 percent contingency to cover

unknown variables, engineering, and administrative costs. Land acquisition costs are
not included.
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SUGGESTED DRAINAGE ORDINANCE FOR CITY OF CASA GRANDE

The following amendments and additions are recommended to be added to Ordinance
No. 609.1, an ordinance of the Council of the City of Casa Grande, Arizona,

pertaining to Flood Damage Prevention.

It is recommended Chapter 17, Flood Damage Prevention be amended to include
under Article 17-2 Definitions, the following additions:

"Base flood water surface elevation" means the following:

1. In Regulatory Floodways that lie within areas designated on the FIRM's
as Flood Hazard Zones AH and Al through A30, the base flood water surface
elevations shall be those elevations shown on the FIRM's for the floodways; however,
when the City determines that it has more accurate base flood water surface
elevation data than the data shown on the FIRM's, the more accurate data shall be

used.

2. In a Regulatory Floodway outside the areas identified as Flood Hazard
Zones AH and Al through A30, the base flood water surface elevations shall be
those determined by floodplain delineation accomplished in accordance with criteria

established by the Arizona State Director of Water Resources.

3. For those areas of the City which are not within a Regulatory Floodway,
the base flood water surface elevations shall be those which are established by a
drainage report submitted in accordance with the City's requirements.

To the definition of "Base Flood" worded:

"Base _flood" means the flood having a one percent chance of being equalled or

exceeded in any given year.

add the sentence: This is also called a "one-hundred year flood".
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Add after the definition for Flood Insurance Rate Map (FIRM) the following

additional definitions addressing the various flood hazard zones:

"Flood Hazard Zones A, AO, AH, or Al through A30" are the areas on a FIRM

which the Federal Government has determined will be inundated during a one-
hundred-year flood. These areas are called, collectively, "Special Flood Hazard
Areas."

"Flood Hazard Zone B" is an area on a FIRM which is outside the special flood

hazard areas, but is subject to inundation during a five-hundred-year flood.

"Flood Hazard Zone C" is an area on a FIRM which is outside both the special

flood hazard areas and the Zone B areas. It is described as an area of minimal flood

hazard.

"Flood Hazard Zone D" is an area on a FIRM which has undetermined but

possible flooding hazards.

It is recommended Article 17-3 General Provisions add a section identified as

Section 17-3-11 Intergovernmental Agreements. This would require renumbering the

existing Section 17-3-11 Severability to be identified as Section 17-3-12

Severability.

The suggested wording for the new Section 17-3-11 Intergovernmental Agreements

would be:

Section 17-3-11 Intergovernmental Agreements

With the concurrence of the City Council, the Mayor shall be authorized
to enter into agreements between the City and other political subdivisions, county,

and State agencies to coordinate floodplain management.

It is recommended Article 17-4 Establishment of Development Permit, modify

Section 17-4-1 to be expanded as follows:

Section 17-4-1 Establishment of Development Permit
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A development Permit shall be obtained before construction or development
begins within any area of special flood hazard established in Subsection 17-3.2.
Applications for a Development Permit shall be made on forms furnished by the
Floodplain Administrator and may include, but not be limited to: plans in duplicate
drawn to scale showing the nature, location, dimensions, and elevation of the area in
question; existing or proposed structures, fill, storage of materials, drainage
facilities, and the location of the foregoing.

Reports, construction plans, and other data submitted in support of an application
for a permit shall comply with the following criteria:

1. DRAINAGE REPORTS

When a drainage report is required, it must be prepared and sealed by a
civil engineer registered as a professional engineer in the State of Arizona, and it
must be prepared in accordance with the criteria established by the City. The

purpose of the report is to analyze the effect that a proposed development would
have upon the rainfall runoff in the vicinity of the development, to provide data to
insure that the development is designed to be protected from flooding, and to
provide data supporting the design of facilities to be constructed for the
management of rainfall runoff. Each drainage report must consider rainfall runoff
from storms with a return frequency up to and and including a 100-year storm. The
complexity of the report depends upon the nature of the development and the site on
which the development will occur. A drainage report shall be submitted by an

applicant requesting one of the following:
a. Approval of a subdivision plat or a horizontal regime.

b. A permit for grading, unless the requirement is waived by the
Floodplain Administrator.

c. A permit to construct right-of-way improvements.

d. A permit to construct any structure.
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2. DRAINAGE PATTERNS

Rainfall runoff from storms of all return frequencies should enter and
depart from property after its development in substantially the same manner as
under pre-development conditions. Any proposals to modify drainage patterns must
be fully justified by engineering data which shall demonstrate to the Floodplain
Administrator that hazards to life and property will not be increased by the
proposed modifications. Proposed modifications are as such that they will not alter
a Floodway in a manner which will raise the estimated base flood water surface
elevation or will increase flooding hazards upstream or downstream of the altered

portion of the floodway.

3. STREET CROSSINGS AT NATURAL OR MAN-MADE DRAINAGE
CHANNELS

a. The crossing structure requirements listed below will normally
apply; however, the engineer may depart from these requirements if he can
demonstrate to the Floodplain Administrator's satisfaction that they are
inappropriate because of the type of development or the nature of the terrain or
natural area development requirements would be violated. In extreme cases, it may

be necessary to allow for the entire channel flow to pass over the road.

(1) Local and minor collector streets shall have a culvert or
bridge which is capable of carrying all of the peak flow of runoff from a two-year-
frequency storm beneath the roadway and which is also capable of carrying enough
of the peak flow of runoff from a ten-year-frequency storm beneath the roads so

that the portion of the flow over the road is no more than six inches deep.

(2) Major collector and major or minor arterial streets shall have
a culvert or bridge which is capable of carrying all of the peak flow of runoff from a
10-year-frequency storm beneath the roadway and which is also capable of carrying
enough of the peak flow of runoff from a 25-year-frequency storm so that the

portion of the flow over the road is no more than six inches deep.

(3) Watercourse crossings for roads shall be designed so that all
lots and structures within a development will be accessible from the boundary of
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that development by at least one route during the period of peak flow of runoff from
a 100-year-frequency storm. The boundary shall include any adjacent street or
streets. Accessibility will be considered to exist if it can be demonstrated by the
engineer that at the time of the peak flow the depth of flow over the road will be no
greater than one foot.

b.  Regardless of the size of the culvert or bridge, the street crossing
should be designed to convey the 100-year storm runoff flow under and/or over the
road to the area downstream of the crossing to which the flow would have gone in
the absence of the street crossing. The construction of a channel crossing must not
cause the diversion of drainage flows except when that diversion is part of an
approved plan for modification of drainage patterns.

4, STREETS AS WATER CARRIERS

It is expected that streets will carry water from adjacent property and
from local areas, but they are not to be used as major water carriers in lieu of
natural washes or man-made channels. The maximum depth for water flowing in any
street shall be 8 inches during the peak runoff from a 100-year-frequency storm.
The above requirements imply that in some cases water may flow deeper than a
normal vertical curb height and may flow for a short distance over sidewalk or other
back-of-curb areas, but the flow of the water shall always be confined to the road
right-of-way or to drainage easements. Particular care must be taken in street sag
locations to insure that these requirements are met. Catch basins, scuppers, or
similar facilities, together with the necessary channels, must be provided at
appropriate locations to remove water flowing in the streets so as not to exceed the

above described depth limit.

5. DESIGN PROCEDURES AND CRITERIA

The design procedures and criteria to be used shall be in accordance with
those prepared and published by the City of Casa Grande.
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6. LOWEST FLOOR ELEVATIONS IN RESIDENTIAL STRUCTURES

a. In Regulatory Floodways and in Flood Hazard Zone A, a new
residential structure or the substantial improvement of an existing residential
structure shall have its lowest floor constructed at an elevation which is at least one
foot above the base flood water surface elevation in the vicinity of the proposed

construction site.

b. In Flood Hazard Zone AO, a new residential structure or the
substantial improvement of an existing residential structure shall have its lowest
floor constructed at an elevation which is at least one foot above the elevation
determined by finding the elevation of the highest natural ground adjacent to where
the structure will be located and adding to that elevation the depth number
specified on the FIRM for that AO Zone.

c. In areas designated as Flood Hazard Zones B, C, and D on the
FIRM's which are not in a Regulatory Floodway, a new residential structure (single-
or multi-family) shall be constructed according to one of the two following

requirements, except when the conditions in subparagraph e., below, apply:

(1) The lowest floor shall be constructed at an elevation which is

at or above the base flood water surface elevation.

(2) The lowest floor may be constructed below the base flood
water surface elevation, but flood proofing shall be provided for the structure to an

elevation which is at least one foot above the base flood water surface elevation.

d. In Flood Hazard Zones B, C, and D, those single-family residential
structures which are to be built without a basement and located at a site which the
Floodplain Administrator has determined will not be in the vicinity of a watercourse
in which the flow of rainfall runoff might be hazardous to the structure or its
occupants, the elevation of the lowest floor may be established by one of the

methods described in the following subparagraphs.

(1) If the structure is to be located in Flood Hazard Zone B, the

lowest floor may be set at an elevation which is 14 inches above the high point of
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the natural ground within the area bound by a 10-foot perimeter offset from the
structure.

(2) If the structure is to be located in Flood Hazard Zone C or D,
the lowest floor may be set at an elevation which is 12 inches above the high point
of the natural ground within the area bound by a 10-foot perimeter offset from the
structure.

(3) The floor elevation(s) chosen for the residence may be
indicated on a topographic plan of the building site parcel which shows the
construction pad site and any grading proposed on the parcel. This plan must be
prepared and sealed by a civil engineer or architect registered as a professional
engineer or architect in the State of Arizona. The floor elevation(s) indicated on
the plan are to be elevations considered by the engineer or architect sufficiently

high to provide protection in the event of flooding caused by a 100-year storm.

e. A residential structure to be built adjacent to but not within a
Regulatory Floodway that will have its lowest floor at an elevation lower than one
foot above the base flood water surface elevation in the adjacent Regulatory
Floodway must be flood proofed to an elevation at least 2.5 feet above the base
flood water surface elevation.

f. In Regulatory Floodways and in Flood Hazard Zones AO and A, a
depressed floor area shall be the lowest floor unless there is an area in the structure

with a lower floor, such as a basement.

g. In areas designated as Flood Hazard Zones B, C, or D on the FIRM's
which are not in a Regulatory Floodway, a depressed floor area does not have to be
considered as the lowest floor if there is no door opening directly to the outside
which could admit flood water into the depressed floor area and if the depressed
area walls and floor are sealed to prevent the infiltration of water into the

depressed area.
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7. LOWEST FLOOR ELEVATIONS IN NON-RESIDENTIAL STRUCTURES

a. In Regulatory Floodways and in Flood Hazard Zone A, a new
nonresidential structure or the substantial improvement of an existing non-
residential structure shall be constructed according to one of the two following

requirements:

(1) The lowest floor shall be constructed at an elevation which is
at least one foot above the base flood water surface elevation in the vicinity of the

proposed construction site.

(2) The lowest floor may be constructed below an elevation
which is one foot above the base flood water surface elevation, but flood proofing
shall be provided for the structure to an elevation which is at least one foot above

the base flood water surface elevation.

b. In Flood Hazard Zone AQO, a new non-residential structure or the
substantial improvement of an existing non-residential structure shall be

constructed according to one of the two following requirements:

(1) The lowest floor shall be constructed at an elevation which is
at least one foot above the elevation determined by finding the elevation of the
highest natural ground adjacent to where the structure will be located and adding to
that elevation the depth number specified on the FIRM for that AO Zone.

(f) The lowest floor may be constructed below the minimum
lowest floor elevation specified in subparagraph (1), above, but floodproofing shall
be provided for the structure to an elevation which is at least as high as the
minimum lowest floor elevation determined by the method in subparagraph (1),

above.

c. In areas designated as Flood Hazard Zones B, C, and D on the
FIRM's which are not in a Regulatory Floodway, a new non-residential structure or
the substantial improvement of an existing non-residential structure shall be

constructed according to one of the two following requirements:
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(1) The lowest floor shall be constructed at an elevation which is

at or above the base flood water surface elevation.

(2) The lowest floor may be constructed below the elevation of
the base flood water surface elevation but floodproofing shall be provided for the
structure to an elevation which is at least as high as the base flood water surface

elevation.

8. MOBILE HOMES AND MOBILE HOME PARKS

a. The new installation of a mobile home in an area other than a
mobile home park, the construction of a new mobile home park, or the enlargement
of an existing mobile home park within a Regulatory Floodway is prohibited.

b.  The new installation of a mobile home or the replacement of an
existing mobile home outside the Special Flood Hazard Areas must be done in a
manner that assures that the mobile home is anchored to the earth so as to prevent

flotation, collapse, or lateral movement in the event of flooding.

c. A mobile home to be installed in a new location or as a
replacement for an existing mobile home in Flood Hazard Zones A and AO, and a
mobile home to be installed as a replacement for an existing mobile home located
within a Regulatory Floodway shall be anchored to resist flotation, collapse, or
lateral movement by providing over-the-top and frame ties to ground anchors. The

following specific requirements must be met:

(1) Over-the-top ties must be provided at each of the four
corners of the mobile home. Mobile homes 50 feet or more in length must have two
additional over-the-top ties per side at intermediate locations, and mobile homes

less than 50 feet in length require only one additional over-the-top tie per side.

(2) Frame ties must be provided at each of the four corners of
the mobile home. Mobile homes 50 feet or more in length must have five additional
frame ties per side, and mobile homes less than 50 feet in length must have four

additional frame ties per side.
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(3) All components of the anchoring system must be capable of

resisting forces of at least 4,800 pounds.
(4)  Any additions to a mobile home must be similarly anchored.

d. The owners of mobile home parks that are located within Special
Flood Hazard Areas shall have evacuation plans prepared indicating alternate
vehicular access and escape routes. These plans shall be filed with the State
Disaster Preparedness Office and with the City's Field Services Director.

e. If an existing mobile home park with a Regulatory Floodway must
undergo repair, reconstruction, or improvement of the streets, utility systems and
pads at a cost which equals or exceeds 50% of the value of the streets, utility
systems and pads before the repair, reconstructions, or improvement has

commenced, the following requirements must be met:

(1) The stands or lots must be elevated on compacted fill or on
pilings so that the lowest floor of each mobile home will be at or above an elevation

which is one foot above the base flood water surface elevation.

(2) Adequate surface drainage and access for a hauler must be

provided.

(3) If the stands are elevated on pilings, the lots must be large
enough to permit steps, the pilings must have foundations on stable soil and be no
more than 10 feet apart, and reinforcement must be provided for pilings more than 6

feet above the ground.

f. A mobile home which is located in a Regulatory Floodway or in

Flood Hazard Zones A or AO may be replaced by another mobile home only if:

(1) The mobile home which is to be replaced was not damaged by
a flood to more than fifty percent of its value before the flood.

(2) The replacement mobile home is elevated so that the bottom

of the structural frame or the lowest point of any attached appliances, whichever is
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lower, is at or above an elevation which is one foot above the base flood water

surface elevation,

9. REFERENCE TO BASE FLOOD WATER SURFACE ELEVATIONS ON
DEVELOPMENT PLANS

The grading and drainage plans for any development adjacent to a Regulatory
Floodway and the grading and drainage plans for any development which proposes to
modify an existing Regulatory Floodway as a part of the development must indicate

the base flood water surface elevations.

10. INFORMATION PERTAINING TO FLOOD PROTECTION TO BE
PLACED ON BUILDING PLANS

The following subparagraphs describe requirements for information which shall
be placed on building plans for both residential and non-residential structures.
Depending upon the type of structure and its location, one or more of the

subparagraphs will apply:

a. The proposed elevation of the lowest floor must be shown,

regardless of the type of structure or its location.

b. If the structure is to be built in a Regulatory Floodway or in Flood

Hazard Zone A, the base flood water surface elevation must be shown.

c. If the structure is to be built in Flood Hazard Zone AO, the
elevation of the highest ground adjacent to the structure and the depth number for

the AO Zone must be shown.

d. If the lowest floor is to be established by the use of subparagraphs
B.6.d.(1) or (2) of section- 17-4-1, the elevation of the highest point of the natural
ground within the area bound by a 10-foot perimeter offset from the structure must

be shown.
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11.  MINIMIZING THE POTENTIAL FOR FLOOD DAMAGE

Within any area of the City where the Floodplain Administrator
determines that the land is subject to flooding, including but not limited to the
Special Flood Hazard Areas, all development, including substantial improvements to
structures, must meet the following requirements:

a. All structures shall be anchored to their foundations to prevent
flotation, collapse, or lateral movement.

b.  Building construction materials and utility system equipment shall

be resistant to flood damage.

C. The construction methods and practices shall be those which

minimize flood damage.

d. Multiple occupancy developments such as subdivisions, shopping
centers, etc. shall have their public utility systems such as sewer, water, gas and
electric lines and their associated facilities located and constructed in a manner to
minimize or eliminate the potential for flood damage. The developments must be
constructed with drainage systems which will minimize the exposure to flood

damage.

e, New and replacement water supply systems shall be designed and
constructed to minimize or eliminate infiltration of flood waters into the systems

and the discharge of sewage into the flood waters.

f. New and replacement sanitary sewage systems shall be designed
and constructed to minimize or eliminate infiltration of flood waters into the

systems and the discharge of sewage into the flood waters.

12. STORM WATEk DETENTION OR RETENTION

a. Except as noted below, the development of land within the City
must include provisions for the management of storm water runoff from the

property which is to be developed. This management shall consist of the
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construction of storm water detention systems or retention basins. Storm water
detention systems must provide peak rates of outlet flow from the developed
property onto downstream property which are no greater than the peak rates of
runoff flow from the same property under natural conditions with no development.
If a suitable outlet for a detention system is not available or if engineering analysis
indicates that available outlet systems would be overtaxed by a detention system
outflow, a storm water retention basin shall be construction in lieu of a detention
system. The requirement for construction of a detention system or a retention basin

is waived in the following cases:

(1) An application for a building permit to construct a single-
family residential structure.

(2) Development adjacent to a floodway or a drainage channel
which has been determined by the City's Project Review Manager to have been
designed and constructed to handle the additional runoff flow without increasing the

potential for flood damage on downstream property.

(3) Development of a parcel under one-half acre in an area
where it can be demonstrated that no significant increase in the potential for flood

damage will be created by the development.

b. Storm water detention and retention facilities shall be designed
and constructed according to the procedures and criteria established by the City.
No detention or retention basin shall retain standing water longer than 36 hours if
the basin has not been designed and constructed to be a permanent body of water
with appropriate health, safety, and water quality measures for such a body of

water.

This concludes the suggested amendments to ordinance No. 609.1.
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A proposed retention-detention Policy for the City of Casa Grande is recommended

as follows:

CITY OF CASA GRANDE
RETENTION, DETENTION POLICY

Purpose

The relatively flat topography and lack of defined drainage patterns necessitates
special attention for controlling storm water collection and retention. Regulatory
controls and measures are identified in this chapter to minimize storm water

problems.

Sec. | Conceptual Drainage Plan.

A conceptual storm water collection and retention plan shall be submitted with a
preliminary plat or site development plan and approved prior to the approval of such
plat or plan. In the design of the development, every effort shall be made to utilize
the natural slope of the land for the storm water collection system. Sub-surface
drainage systems shall be discouraged wherever possible. The plan shall include but

not be limited to the following:

a. Method of collection (surface and/or sub-surface).
b. Depth, side slopes and area of retention.
C. Calculations of volume held and required.

d.  High water elevation and invert of pipes.
e. Method of disposal of water within 36 hours.
1. Areas tributary to each retention basin.

8- Any other data to form a complete plan.
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Sec. 2 Subdivisions,

a. All water which falls within the subdivisions (including the
respective one-half (1/2) of all abutting streets to the subdivision) from a one-
hundred (100) year storm of a one hour duration. (approximately 2.39 inches) as
established by the Arizona Highway Department Hydrological Design and Revised
Precipitation Maps, must be retained within the boundaries of the subdivison. The
method of collection and retention shall be approved by the Department of Public
Works. The method of retention calculation, drainage flows and dry wells shall

conform to Section 4.

b. Two or more developers may join together to provide a common
retention facility. A letter of agreement signed by all developers participating in
the common retention must be presented to the Department of Public Works and
recorded plat shall indicate that the retention area is a joint facility. The joint

retentjon area must meet all criteria as a single area.

c.  All retention basins shall have a design capacity to preclude a
water depth in excess of three (3) feet resulting from a one-hundred (100) years, one
hour storm. The depth of retention shall be measured from nearest adjacent top of

curb. Side slopes shall be hinged to conform to the following slope-depth ratio:

BASIN DEPTH STEEPEST SLOPE
(measured from top) horizontalivertical
First 3 feet 4:1

From 3 feet to 6 feet 8:1

Exceptions to minimum slope requirements will be considered when innovative and
esthetically pleasing design features are presented and public safety is not

compromised.

In no event shall storm water stand in the retention basins longer than thirty-six (36)
hours. Where possible, basins may be drained by pumping or controlled gravity flow
into existing storm drainage lines or irrigation ditches when approved by the
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controlling agency. With the permission of the City Engineer the right-of-way area
from one (1) foot in back of sidewalk may be used for the retention basin. The
location and slope of retention basins shall conform to the Zoning Code and

Development Policy.

d. All retention basins that will be controlled by the City shall be
improved by the developer per City of Casa Grande guidelines for retention basin
development and installed prior to the City's acceptance of the retention. The
landscape plan shall be submitted with the engineering plans. Retention basins,
when not privately maintained, shall be dedicated to the City in fee title as storm
water retention basins or drainage rights-of-way. In the case where private
retention basins receive water, other than that which falls upon the property and
adjacent streets and/or alleys, the areas shall be designated as easement areas for
retention purposes and shall have a recorded restrictive covenant requiring

perpetual maintenance.

e. On-lot retention is permissible only in single family developments
where the lots contain not less than 18,000 square feet and are fully irrigated. The
lot shall be depressed to contain the indicated design storm, including that of street

run-off.

f. Curbed streets shall be designed and constructed to carry the
storm water run-off from a 10 year storm between curbs. When peak flows from the
designed storm exceed the street capacity, a sub-surface storm drainage system
shall be designed to carry the excess storm water. Local and secondary collector
streets serving one acre or larger lots designed for on-lot retention may be
constructed with a ribbon curb. Local streets, serving lots of 18,000 square feet to
1 acre in size designed for on-lot retention, may be designed with eighteen (18) inch
curb depressions at each lot to permit street run-off to flow into the depressed lots.

g- Peak flows from a fifty (50) year storm shall be carried within the

cross section between buildings (front yards and streets). The finish floor elevation

of all buildings shall be above the one hundred (100) year storm.
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h.  All storm drain pipe installed in alleys or streets under curb, gutter
and pavement shall be constructed of rubber gasket reinforced concrete pipe

capable of withstanding H-22 highway loads.

i Lakes or ponds used for storm water collection will be required to
meet all retention basin requirements specified herein except for water depth,

drainage time and side slopes below the normal water level.

jo Commercial/industrial and single lot multi-family (duplex, triplex,
etc.) subdivisions may provide either community retention basins or on-site
retention for each lot including street run-off, providing the retention area over one

(1) foot deep does not exceed fifty percent (50%) of unpaved open space on the site.

Sec. 3 Non-Subdivision Developments.

a. All storm water from a one hundred (100) year storm of one hour
duration, (approximately 2.39 inches) as established by the Arizona Highway
Department Hydrological Design and Revised Precipitation Maps, shall be retained
on site. All storm water within the right-of-way adjacent to said site shall be
retained within the site unless other means of disposal of the water (i.e., storm
drain, irrigation ditch, or drainage way) is designed and constructed to handle that

water,.

b. A maximum of fifty percent (50%) of the required retention can be
held upon asphalt, concrete or other hard surface except in a special situation and

with permission of the City Engineer.

c. The City of Casa Grande shall not be responsible for the design,

performance, operation or maintenance of the retention basin.

d.  The retention basin shall conform to Section 2(c) and calculations,

drainage flows and dry wells shall conform to Section 4.
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e. Changes or additions to sites which require approval of a site
development plan will be required to address drainage on the entire site and meet

storm drainage requirements as set forth in this chapter for the complete site.

Sec. 4 Retention Calculations, Drainage Flows and Dry Wells.

a. Retention calculations shall be submitted as follows:

Vr = b (AXCw)

12
A = Area (square feet or acres)
Vr = Volume required to be retained (cubic feet or acre feet)
D = 100 year - one hour rainfall (inches) = 2.39
Cw = Run-off factor for tributary areas (weighted factors

may be required for multiple retention areas and/or

special conditions as determined by the City Engineer):

Typical run-off factors:

Pavement (asphalt, concrete, brick, etc.) 0.95
Roofs 0.95
Grass lawn (average slope 0 -~ 7%) 0.20
Grass lawn (steep slope 7% and greater) 0.35
Desert lawn or rock lawn 0.70
Farm land 0.10
Bare ground (vacant lots) 0.25
Undeveloped desert 0.40
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Commercial, industrial area: 0.80
Residential area:

Range areas 18,000 sq. feet or larger 0.35
Single family areas less than 18,000
square feet 0.40

Multi-unit area:

Townhouses, pati homes, mobile
home parks 0.50
Apartments 0.60

Note:

The weighted 'C' is obtained from the total summated "C" areas divided by the total

area or subareas being developed.

b. The point or points in which natural drainage flows from a property
prior to development shall remain the same after the property has been altered for

the development.

c.  Shallow pit percolation tests shall be performed in retention areas
to determine natural percolation. Test results shall be submitted to the City
Engineer prior to approval of drainage plans. Dry wells are permitted to drain
surface retention areas only when no other means of disposal is available.
Infiltration into the dry well cannot be considered to reduce the size of the
retention area. The property owner of record shall be responsible for the design,
performance, operation or maintenance of dry wells used with on-site retention. A
percolation test must be carried out on the dry well before acceptance. The

percolation test results are to be filed with the City Engineer.
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Section 5 Right of City to Drain Basin

It shall be unlawful for any person owning or controlling a retention basin to permit
storm water to stand therein longer than thirty-six (36) hours. In addition to any
penalty provided by law, should the person owning or controlling any privately owned
and maintained basin fail, neglect or refuse to drain said retention basin within
thirty-six (36) hours, as required in Sec. 2(c) hereof, it shall be the right to the City,
upon the authorization of the Director of Public Works, or his appointed agent, to
enter upon the privately owned retention basin property and take such action as may
reasonably be necessary to drain said basin. The draining of said basin shall be at

the expense of the owners or person controlling such basin.

Section 6 Assessment of Costs for Drainage.

Upon completion of the work, the Director of Public Works shall prepare or cause to
be prepared, a verified statement of account of the actual cost of draining of said
basin, the date the work was completed, and the street address and the legal
description of the property on which said work was done, including five percent (5%)
for inspection and other incidental costs in connection therewith and shall serve a
duplicate copy of such verified statment upn the person owning or controlling such

property in the manner prescribed in Sec. 8 hereof.

Sec. 7 Appeal to Council.

The owner or person controlling such property shall have thirty (30) days from the
date of service upon him of the assessment to appeal in writing to the Council from
the amount of the assessment as contained in the verified statement. If an appeal is
not filed with the City Council within such thirty (30) day period, then the amount
of the assessment as determined by the Director of Public Works, shall become final
and binding. If an appeal is taken, the Council shall, at its next regular meeting,
hear and determine the appeal and may affirm the amount of the assessment,
modify the amount thereof, or determine that no assessment at all shall be made.

The decision of the Council shall be final and binding on all persons.
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Sec. 8 Service of Notice.

Notice shall be personally served on the owner or person controlling such property,
by an officer of the Casa Grande Police Department, in the manner provided in Rule
4(d) of the Arizona Rules of Civil Procedure, or mailed to the owner or person
controlling such property at his last known address by Certified or Registered Mail,
or the address to which the tax bills for the property were last mailed, If the owner
does not reside on such property, a duplicate notice shall also be sent to him by

Certified or Registered Mail at his last known address.

Sec. 9 Lien for Drainage of Basin

If no appeal is taken from the amount of the assessment, or if an appeal is taken and
the Council has affirmed or modified the amount of the assessment, the original
assessment or the assessment as so modified shall be recorded in the Office of the
County Recorder and from the date of its recording, shall be a lien on said lot or
tract of land until paid. Such liens shall be subject and inferior to the lien for
general taxes and to all prior recorded mortgages and encumbrances. of record. A
sale of the property to satisfy a lien obtained under the provisions of this section
shall be made upon judgment of foreclosure or order of sale. The City of Casa
Grande shall have the right to bring an action to enforce the lien in a court of
competent jurisdiction at any time after the recording of the assessment, but failure
to enforce the lien ‘by such action shall not affect its validity. The recorded
assessment shall be prima facie evidence of the truth of all matters recited therof.
A prior assessment for the purposes provided in this section shall not be a bar to a
subsequent assessment or assessments for such purposes, and any number of liens on

the same lot or tract of land may be enforced in the same action.

uy



SUMMARY OF ALL REPORT RECOMMENDATIONS AND COST ESTIMATES




COST ESTIMATE

7%/ o

Nor DESCRIPTION ouaNTiTY |UNIT| gost | cost
1 16-10'x4'x120" C.B.C. Cose i . 444,933
2. 2-10'x3'x100' C.B.C. " L.S. 54,700
3. 4-10'x4'x60' C.B.C. : " s, 60,000
4. 2-8'x3'x100' C.B.C. " L.S. 38,500
5. 3-8'x3'x100' C.B.C. " L.s. 51,000
6.' 4-10'x3"'x150"' C.B.C. " L.S. 144,000
7. 4-10'x3'x100' C.B.C. " L.S 94,000
8. 2-10'x3'x60' C.B.C. " L.S. 29,000
9. 3-33"x70' C.M.P. " L.S. 13,650

10a. 42"x1000' R.C.P.R.G. Mainline " L.F. 90.00 90,000
b. 48"x1000' R.C.P.R.G. Mainline " L.F. 120.00 120,000
c. 52"x1000' R.C.P.R.G. Mainline " - 140.00 140,000
4. 10 Catch Basins & 6 Manholes " o 3000. 00 48,000
e. 18"x300' R.C.P.R.G. laterals " " 50.00 15,000

TR T
11, l’égdeiggti(%fé?%')Eig(.)(':.C.B.C. " LS. 108,000
12. 3-10'x4'x100' C.B.C, " L.s. 76,000
13. 3-10'x4'x50' C.B.C. " bes- 38,100
14. 10'x3'x100' C.B.C. " L.S. 31,400
15, 3-10'x3'x60' C.B.C. _ " L.S. 42,400
16. 3-10'x3'x60' C.B.C. | v L.S. 42,400

s CARTER ASSOCIATES, INC. Prepared by Preliminary/ Cost Estimate

=—: 1550 E. MEADOWBROOK AVE. Checked by Cllent '
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COST ESTIMATE

e v o
17. 10'x3'x100' C.B.C. C;izcin L.S. ‘ 31,400
18. 2-10'x3'x60' C.B.C. " L.S. : 29,000
19. 3-8'x3'x60' C.B.C. " L.S. 30,300
20. 3-8'x3'x60' C.B.C. " L.s. 30,300
21. 3-8'x3'x80' C.B.C. " L.s. 39,700
22, 2-8'x3'x60' C.B.C. " L.S. 22,100
23. 2-8'x3'x80' C.B.C. " L.S. 31,100

Phase 1 Structure Cost Subtotal= | 1,895,283

24, 4-10'x4'x80' C.B.C. Cost v is. 75,100
25, 4-10'x3'x100' C.B.C. " L.S. 74,500
26. 3-8'x3'x100' C.B.C. " L.s. 51,200
27. 3-8'x3'x56' C.B.C. " L.S. 28,800
28, 4-8'x3'x56' C.B.C. " L.S. 37,000
29, 2-8'x3'x100' C.B:C. ) L.S. 38,500
30. 2-3'x3'x60' C.B.C. " L.S. 22,100
3l 5-10'x5'x60' C.B.C. " L.S. 72,600
Phase II Structure Cost' Subtotal= 399,800

PHASE 11 .. TOTAL 399,800

s CARTER ASSOCIATES, INC. Prepared by Preliminary/ Cost Estimate

p — ]
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COST ESTIMATE

ITEM ESTIMATED UNIT TOTAL
DESCRIPTION UNIT

No. Drainage Easements  (Phase I) QUANTITY COST COST
1 None Ac.
2 225" x4600" 23.76 Ac. 5,000 118,802
3 250'x400'x5280" (Flare) 48.48 Ac. 5,000 242,424
4a 400'x6000" 55.10 Ac. 5,000 275,482
ab 700 x4400" 70.71 Ac. 5,000 353,535
5 40'x5280" 4.85 Ac. 5,000 24,250
6 70'x5200" 8.48 Ac. 5,000 42,400
7a 90'x5500" 11.36 Ac. 5,000 56,800
7b 95'x2800" 6.11 Ac. 5,000 30,550
3 35'x2500" 2.01 Ac. 25,000 50,250
9 50'x2500" 2.87 Ac. 25,000 71,750

10abc| 35'x4000" 3.21 Ac. 25,000 80,250
11 45'x5200" 5.37 Ac. 25,000 134,250
12 45'%3700" 3.82 Ac. 25,000 95,558
13 45'x1050" '1.08 Ac. 25,000 27,000
14 40" x3600" 3.31 Ac. 25,000 87,750
15 50'x1300" 1.49 Ac. 25,000 37,250
16 150'x2700 9.30 Ac. 25,000 232,500
17 40'x3900" 3.58 Ac. 25,000 89,500

S CARTER ASSOCIATES, INC. Prepared by M.T. preliminary/ Cost Estimate

[ p— Checked by R.E.R, Client___Casa Grande

e 0L M DOWEROOKAE Reviewed by Tract No./Project

——— 602 & 265-1744 Date Job No.__ 83314
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COST ESTIMATE

ITEM ESTIMATED UNIT TOTAL
DESCRIPTION UNIT

No. Drainage Easements  (Phase I) QUANTITY cost cost
18 50'x2700" 3.10 Ac. 25,000 77,500
19 26'x2100' 1.25 Ac. | 25,000 31,250
20ab|  60'x17600" 24,24 Ac. | 5,000 121,200
21 30'x2500" 1.72 Ac. 5,000 8,600
22 50'x4500" 5.16 Ac. 5,000 23,800
23 35'x4300" 3.46 Ac. 5,000 17,300
24ab|  40'x4000" 3.67 Ac. | 5,000 18,350
24c¢ 45'x1400"' 1,45 Ac. 5,000 7,250
25 30'x5500" 3.79 Ac. 5,000 18,950
26 55'x7000' 8.84 Ac. 5,000 44,200
28 20'x1400" 0.64 Ac. 5,000 3,200
29 "25'x2500" 1.43 Ac. 5,000 7,150
30 25'x2500" 1,43 Ac. 5,000 7,150
31a 30x7900" h.44 Ac. 5,000 27,200
31b 35'x2300" 1.85 Ac. 5,000 9,250
32ab 35'x5800" 4,66 Ac. 5,000 23,300
33 90'x2900" 5.99 Ac. 5,000 29,950
34ab 60'x5400" 7.44 Ac. 5,000 37,200
35 60'x800' 1.10 Ac. 5,000 5,500
== CARTER ASSOCIATES, INC. Prepared by Prollmlnary/ﬂ“ﬁ Cost Estimate
.-:._::'. Checked by Client
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COST ESTIMATE

No. Drainage Easement (Phase I) QUANTITY COST COST
37 35'%5280" 4.24 Ac. 5000 21,200
38 40'x5280"° 4.85 Ac. 5000 24,250
39 40'x5280" 4.85 Ac. 5000 24,250
40 60'x5000" 6.89 Ac. 5000 34,450
Drainage Easefent_.
Total 2,669,751.00
18%
‘_.._——___ CARTER ASSOCIATES, INC. Prepared by Preliminary/ Cost Estimate
[ — WBROOK AVE Checked by Ciient
] LSF?(%EEN!I\QE:??SOM ' Reviewed by Tract No./Project
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COST ESTIMATE

ITEM ESTIMATED UNIT TOTAL
DESCRIPTION UNIT
No. thannel Excavation (Phase I) QUANTITY COST COST
See "Drainage Easements, Channels

1 and Structure Summary Map" 99,259 C.v. >.00

2 110,400  |c.Y. 5.00

3 89,128 c.Y. 5.00

b 232,960 |c.Y. | 5.00

4b 367,572 C.Y. 5.00

5

16,427 C.Y. 5.00
J 34,027 C.Y. 5.00
73
60,296 C.Y. 5.00

7b 32,770 C.Y. 5.00

8 6,389 c.Y. 5.00

? 10,566  [C.Y. | 5.00

10abc 16,889 C.Y. 5.00

11 28,100 c.Y. 5.00

1 20,085 C.Y. 5.00

13 3,850 c.Y. 5.00

14 11,200 C.Y. 5.00

15 5,489 C.Y. 5.00

16 28,400 C.Y. 5.00
17 12,133 c.Y. 5.00

s~ \RTER ASSOCIATES, INC. Prepared by M.A.T.Preliminary/ Cost Estimate
i 1550 £ MEADOWBROOK AVE Checked by_R.E.R.Ciient___Casa Grande

—— ENIX AZ 85014 Reviewed by Tract No./Project
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COST ESTIMATE

ITEM ESTIMATED | ;7| UNIT TOTAL
No. Channel B(cavagllgr.lr |O?Ph QUANTITY COST COST
18 11,400 C.Y.| 5.00
» 2,800 C.Y.| 5.00
20ab 104,296 C.Y. 5.00
21 5,000 C.Y.| 5.00
22 19,000 C.Y. 5.00
23 10,989 C.Y. 5.00
24ab 12,444 C.Y. 5.00
24c¢ 5,133 C.Y. 5.00
25 11,000 C.Y. 5.00
26 40,444 C.Y. 5.00
27 No 27 N/A C.Y. 5.00
28 1,244 C.Y. 5.00
29 3,148 C.Y. 5.00
30 3,128 c.Y.| 5.00
3la 15,800 C.Y. 5.00

Y. .

31b 5,878 C 5.00
32ab 14,822 C.Y. 5.00
33 25,133 C.Y. 5.00
34ab 28,800 C.Y. 5.00
a5 1R ASSOCIATES, INC.  Prepared by M-A-T. preliminary JRkfdk Cost Estimate
== OWEROOK AVE Checked by _R.E R Cilent___Casa Grande

—= 1550 £. MEAD |
m—— . ENIX AZ 85014 Reviewed by Tract No./Prgggﬁ
— (02 ® 265-1744 Date Job No.
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COST ESTIMATE

ITEM ESTIMATED UNIT TOTAL
DESCRIPTION UNIT

No. Channel Fxcavation  (Phase 1) | QUANTITY cost cosT
35 4,267 C.Y. 5.00

36 No 36 N/A C.Y. 5.00

37 16,427 C.Y. 5.00

38 16,427  [C.Y. | 5.00

39 16,427 C.Y. 5.00

40 37,037 c.Y. 5.00

Total Channel Excavation = 1,597,094 C.Y. 5.00 $7,985,470

Sou— CARTER ASSOCIATES, INC. Prepared by Preliminary/Eimnt Cost Estimate
':-‘—' 1550 £ MEADOWBROOK AVE Checked by Client

—— PHOIS\HXAZSSOM ' Reviewed by Tract No./Project

—— 602 ® 2651744 Date Job No. 83314
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COST ESTIMATE

ITEM ESTIMATED UNIT TOTAL
DESCRIPTION UNIT
No. Miscellaneous Items (Phase I) QUANTITY COST COST
Rail Bank Protection @ Pinal Bridge
STD. G17.10 Type 1 (A.D.O.T. STD.) 200 L-F 150.00 30,000
Berms 2'x5000' 5000 L.F 2.00 10,000
Berms 3'x500' 500 L.F 3.00 1,500
Miscellaneous Phase I Total 41,500
Phase 1 Summary
Total Structure Cost 1,895,283
Total Easement Cost 2,669,751
Total Drainage Excavation Cost 7,985,470
Total Miscellaneous Cost 41,500
TOTAL PHASE I COST $12,592,004
s CARTER ASSOCIATES, INC. Prepared by [.A.T. Preliminary/ Cost Estimate
i Checked by Client
e |0 E: MEADOWBROOK AVE. Reviewed by Tract No./Project
msmwsm PHOENIX AZ 85014
——— (02 ® 265-1744 Date Job No. 83314
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COST ESTIMATE

ITEM DESCRIPTION ESTIMATED |\ ;|  UNIT TOTAL
No. QUANTITY COST COSsT
Southside Streets (Phase I111)
Subgrade Prep 27,790 S.Y, 3.00 83,370
Subbase 6" 27,790 S.Y. 2.50 69,475
Base Course 4" 27,790 S.Y. 1.85 51,412
2 1/4" Asph. Conc. 27,790 S.Y. 5.00 138,950
3/4" A.C. Top Course 27,790 S.Y. 1.75 48,632
Curb & Gutter 14,900 L.F. 6.00 89,400
Sub-Total 5481,239
20% Contingency 96,248
Sub-Total $577,487
NOTE:
(Cost/L.F. of 32' Street 7,820 L.F. 73.85
NOTE:
Includes 1lst, 2nd & 3rd Avenues
Mercedes, Katherine, Sacaton &
Washington Streets only, All
assumed 32 feet wide.
e\ RTER ASSOCIATES, INC. Prepared by__RER Preliminary AFli¥&k Cost Estimate
;_'.__—__.- Checked by Cllent City of Casa Grande
=—_'- 1550 E. MEADOWBROOK AVE Reviewed by Tract No./Project Drainage
—— 602 ® 265-1744 Date Job No.
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COST ESTIMATE

ITEM ESTIMATED UNIT TOTAL
DESCRIPTION UNIT
No. Southside Neighborhood (Phase I11) QUANTITY COST COST
1 10 HP. Pump 1 ea. 2500.00 | 2,500
2 Pump Installation 1 L.S. 2500.00 2,500
3 Check & Gate Valves 3" 1 2 250.00 500
4 Piping 3" PVC Schd. 40 350 Ft. 3.30 1,155
5 Direct Bury Install 230 Ft. 500 1,150
6 Bore & Jack Casing 6" 120 Ft. 100.00 12,000
7 Install Pipe in Casing 120 Ft. 0.50 60
Sub-Total $ 19,865
20% Contingency 3,973
Pump "Alternate" Total $ 23,838
Drywell 5 ea. 4000.00 20,000
20% Contingency 4,000
Drywell Alternate Total $ 24,000
Retention Basin 19,590 C.Y. 3.50 | 68,565
Reseeding 210,000 S.F. 0.10 21,000
Sub-Total 89,565
20% Contingency 17,913
Retention Basin Total 3107,478
Total Phase III Cost (without alternate cost) $684,965
mmm—wm (~ARTER ASSOCIATES, INC.  Prepared by R.E.R. Prollmlnary/ﬂ“ixcoat Estimate
e—_;_- COK AVE Checked by Client __Casa_ Grande
——= 1550 E. MEADOWBR .
_=_—_— PHOENIX AZ 85014 Reviewed by Tract No./Project
———— 602 ® 265-1744 Date 9/85 Job No.___83314
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Project No. 555 ’4’
Project Name losa é’hande Dmt'n-éll‘m‘f

E’,: -Sheet No. of
%Sﬁ'é Calculated by _J'< AT pae A-12 -85
=== CARTER ASSOCIATES, INC. Checked by T Date -1 -5E

EXISTING CONDITIONS

‘North Branch - Nash
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Ro = 3500 ¢t

1550 EAST MEADOWBROOK AVE. « PHOENIX. ARIZONA 85014 e (RO 2RA.1774
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HYDROLOGICAL STUDY FOR

CAasSA GRANDE

DRYWELL NOTICE OF DISPOSAL FORMS

BY

CARTER ASSOCIATES, INC.

1550 E. MEADOWBROCK AVENUE

PHOENIX, ARIZONA 85015

@9/13/85



11,

INSTRUCTIONS FOR COMPLETING

DRYWELL NOTICE OF DISPOSAL

Indicate in the upper right hand corner of the form whether the facility
is new or existing. If the drywells were in existence prior to

July 20, 1984, check existing.,

I.A.~-Provide a name by which the facility may be referred to in all
correspondence between involved entities. The location address should
be a street address or descriptive in relation to major streets, e.g.,
% mile east of Major St. on Minor Rd.

I.B.-Indicate the owner of the facility whenever possible. In any case
supply the party responsible for causing the wells to be drilled.

I.C.-The contact person should be a person of responsibility with which
the Department can deal during and after the permitting process. More
than one person may be provided.

I.D.-Give the location of the facility (not each drywell) in the township,
range format. Break the section down to a ten acre parcel if possible

(%,%,%).

I.E.-Briefly describe the nature of the activity conducted at the
facility, If it is a subdivision or apartment complex, so state.

II.A.-Provide the total number of drywells at this facility, and include
construction details.

II.B.-Give the total drainage area that will feed into the drywells.
Describe what those areas are, e.g., roofs and parking lots only, or air
condltlonlng condensate, etc.

II.C.-Obtain the most recent water table depth available. Give source
of the data whether direct well measurement, driller's information, or
an agency such as the Department of Water Resources (DWR). DWR is
probably the best source in most cases. If the measurement is of a

perched water table, so indicate. Include the date of the measurement
when possible.

Include a site plan of the facility, sign the signature page, and
mail or deliver the form to:

Arizona Department of Health Services
Water Permits Unit, Room 300

2005 N. Central Ave.

Phoenix, Arizona 85004

Any questions concerning this form may be directed to the above
address or to (602) 257-2270.



ARIZONA DEPARTMENT OF HEALTH SERVICES
NOTICE OF DISPOSAL

FOR New Facility _
STORM WATER DRYWELLS Existing Fac
I. Facility Information
A. facility/Projeét Name
Location Address
Zip Code
B. Owner/Developer
Mailing Address
Zip Code

Telephone Number
(Area Code)

C. Contact Person Title

Telephoﬁe Number
(Area Code)

D. Physical Location: Township , Range
. ——
Section ) 1 T

E. Nature of Business

II. Disposal Information

A, Number of Drywells Overall Depth(s)

B. Total Drainagé Area

Drainage Area Description

C. Depth to Groundwater 1 Date of Measurement

Source of Data
(Give well locations if applicable)

D. Include site plan and vicinity map showing the locations of the drywells,
delineation of the drainage areas, locations of. any production wells.
Also show calculations used in designing for rainfall events.



III. Minimum Construction Requirements

All drywells of this type must be constructed in accordance with the
following criteria:

A. Shall be set back at least 100 feet from any surrounding water
- production wells.

B. Shall not penetrate any saturated zones.

C. Shall be completed at least 10 feet above any groundwater.

IV. Certification:

"I certify that under penalty of law that I have personally examined
and am familiar with the information submitted in this document and all
attachments and that, based on my inquiry of those individuals immediately
responsible for obtaining the information, I believe that the information
is true, accurate, and complete. I am aware that there are significant
penalties for submitting false information, including the possibility
of fine and imprisonment."

Printed Name of Applicant Title

Date Application Signed Signature of Applicant



HYDROL OGICAL STUDY

CAasSa GRANDE
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CARTER ASSOCIATES, INC.
PHOENIX, ARIZONA
88/11/85

Caseay RAINFALL DATA BAaSE

RAaINFAaLL INTENSITY (Inches/Howur >

STORM FREQUENCY (Years)

TIME 2 5 1@ 25 50 100
(Min)
5.0 3.69 4,80 5.57 6.58 7.41 8.32
8.0 3.5Z2 4.58 §5.32 6.2 7.08 7.95
7.0 3.36 4.37 .27 5.93 6.75 7.57
8.2 3.19 4.15 4.82 5.B7 6.42 7.20
3.9 3.83 3.94 4.57 5.49 6.093 5.82
10.9 2.8 3.72 4.32 5.102 5.75 £.45
11.0 2.77 3.61 4.19 4,934 5.57 6.25
12.@ 2.68 3.43 4.@5 4,79 5.39 6.25
13.0 2.60 3.38 3.92 4,63 5.2@ 5.84
14.0 2.G61 3.2B .78 4.48 5.02 .54
15.0 2.42 3.15 3.B65 4,32 4,88 5.44
20.0 2.14 2.77 3.23 3.76 4.27 4,74
25.¢ 1.86 2.43 2.83 3.33 3.77 4,13
30.2 1.87 2.18 2.53 3.85 3.37 3.78
40.0 1.35 1.78 2.08 2.44 2.75 3.e9
52.0 1.18 1.53 1.80 2.29 2.37 2.E93
50.0 1.06 1.38 1.8@ 1.89 2.13 2.59
120.0 ©.57 @.77 ®.50 1.7 1.22 1.37
180.0 2.40 0.54 @.65 .76 0.88 @.599
240.0 @.30 .41 @.50 0.82 @.88 Q.7
300.0 @.24 0.33 0.41 .50 ©.56 2.65
360.0 .22 .30 @.36 0.43 @.50 @.57
480.0 0.17 .24 ®.238 @.35 .40 .48
520.0 Q.14 0.20 @.25 @.29 @.33 @.39
720.0 0.12 - ©.17 .21 Q.25 .23 0.33
1880.@ .09 0.13 @.14 .18 2.2 @.25
1440.0 .06 0.09 0.11 0.14 0.17 0.13



Project No. ©22%14 Station
CAroa GRANDE
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Return Period in Years, Partial- Duration Series

P.recipi’mtion Depth Versus Return Period for
Partial — Duration Series



TABLE 1

- Return Period Precipitation Values (inches)
(Years) 6 hour duration 24 hour duration
- Map Corrected Map Cofrected
4 Value Value Valde | Value
N
- 2 L3 1. 2o 1.5 .45
5. 1.8 (Roy» 2.2 2.24d
10 z. 1 2.19 2.7 2.77
- 25 | 2. 7 2.60 34 3.92
100 3.4 8 490 4.6 4.60
1 HR, Prec.

) Y, =-0.0Il+ (9.942 (’-3Z/.+e>] = .06
- Yioo= 04954 + .EO.'755 (3*%6 )]

2.39



RATIONAL METHOD
- 'C’ VALUES - -

Streets

A sphaltic

Concrete

-

Gravel roadways & shoulders

Industrial Areas

Flat commercial - about 90%

of area impervious
_Heavy areas
Light areas

Business Areas

Downtown areas
Neighborhood areas

Residential Areas

Lawns - flat

- Steep
Suburban areas
Single family areas
Multi-unit areas
Apartment areas

Parks, Cemeteries

Playgrounds

Fig,

3-3

o

0.70 0. 95
0.80 - 0.95
0.40 0. 60
0.80
0. 60 0. 90
.50 0. 80
0.70 - 0.95
0.50 - 0.70
0. 05 0.15
0.15 - 0.35
0.25 - 0. 40
0. 30 0.50
0.40 - 0. 60
0.50 - 0.70
0.10 - Q.25
0.20 - 0. 35

VALUES OF RUNOFF COEFFICIENT C



Values for Runoff Coefficients
in Formula Q=CiA '

Area Type . "C'"Factor Selected
Residential 4+ d.u./ac ' 0.43
Residential 1 to 4 d.u. / ac. 0.39
Mobile Home Parks - 0.51
High D’ensityv Dwellings ( Apartments) . 0.51
Industrial and Commercial - : 0 80
Parks | ' 0.20

Agricultural o - 0.12



Intensity Chart

Casa _Grande Rainfall
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HYDROLOGIC DESIGN DATA SHEET ,
SCS* Methdd Partl . o . Design Frequency 50O /100  year starm..
ki . Qso QUOQ
IN?‘;“‘ Area Area Lengt_h Height Slope ' Amfi‘i:h g‘/:fil Tiné;n?:f Tig:a:o P;fuankoﬁf
“(squi) [ (Acres) (ft) (ft) 7 (Ft) | W (Hrs) (Hrs} (CFS) [(cFs)
A | 435 | 2184 | 31200 | @74 % 13887 |faz7] 260 | 368 | bse |80l
B 3.0l 1926 334900 (36O * 2512 | 3.47 3.47 483 |ses
c 2.54 1620 33600 120 > 2107 " 3.40 340 4\6 500
D .67 1069 16700 135 > 2490 " 2.34 2.34 397 | 484
E-| 0.27 (713 Soo0 = 0.80 Isos | 1o /,'54- .54 28 || \!9
B2 0.32 205 5000 18& 0 3¢ '173+ | 1LO [, O ). €O /17 136
F-1 | 5.08 325| . 40200 590 o 3522 |[fm27| 426 426 L4 |808
F-2 1.36 870 18800, 112 0.6 2o17 " 178 .76 425 5|6
G-1 | 425 2720 20950 1176 > 5656 “ 187 L &7 1265 | 1540
Gz | 369 2362 19200 323 S 5358 . 2.08 208 987 | 1zo2
H - 245 1568 19200 (12 058 | 3557 0.869 2.20 1.96 696 |847
J 643 4115 21700 b2 * 8261 | fig.2-7 2.17 2.7 (A9 2008
K, 174 5 13200 75 0.6 3615 |[0.89 1.92 .71 566 689
L 203 1299 7000 43 0.6 8085 | 0.89° 1.98 .76 042 | 182

Vegetation type
157

Density

DESERT BRuUsH

Soil Group

Curve Number

Runof f Q= l.I5 [1L46 1n.
501& 100y~

89

Precipitation

6 Hr.
24 Hr.
1 Hr.

Z.13

3.0 [5#?&

40/4.56

229

¥ SLOPE VARIES, SEE TRAVEL TIME CALLULATION
SHEETS. :

Computed by: M.AT
J.E k.
11-29-85

Checked by:

Date:

Location ~SEE MasTER. DaAlnne,;é_ MapP

Job No.

83314

SHEET _1 OF_ 4




HYDROLOGIC DESIGN DATA SHEET

year storm, .

S C S"Method: Part1 - . Design Frequency _ 50 / 100 L. - oo
“ﬁ;.b‘ Area Area Lengih lleigh:t Slope ' A‘X?th g‘:i:z ”"&‘;g Tig\eeato PReuankoff
(SQMI) (Acres) (ft) (ft) z (ft) | W (Hrs) (Hrs) (CFS) |(cFs)
N 179 (146 18066 39 o2 | 2112 |oe9 | 252 225 443 {539
P L.78 4329 3,800 | 892 »% | 5126 |fih2-1| 355 3.55 | 1063 | 1294
R .03 7057 26350 929 s 10847 |scs| 2.9 - | 2.6 2655 (3268
T_.see SCS MeTHoD I AlC. SHEET 4 [oF <4 '
s5-1 | 0.80 5iZ 5300 13 ozs |4zos | 089 | 1950 .69 263 | 321
=2 | 044 2682 2600 7 027 (418 |08y | 168 1.50 163 | 199
s-3 | 090 576 7300 35 o4e | 3437 |089 | 174 155 323 | 293

Vegetation type

Density 157

Soil Group <

Curve Number 89

Runof f Q= W5/14 In.

DESERT BRUSH

% SLOPE VARIES, SEE TRAVE.L TIME. CALCULATION

SHeETS.
Precipitation

6 Hr. 3.0 [5.42-
24 Hr. 4.0 /450
1 He. 2i3/239

Computed by:

Checked by:

Date:

M.AT

Rk,

=-26-85

Location SEE MASTER DRMNAGE MAP

Job No.

83314

" SHEET _2 OF

4




‘ ' { / ) g i : | i ! ’ j

HYDROLOGIC DESIGN DATA SHEET . :
Design Frequency 2© /loo year storm,,

SCS Method: Partl
Qs o QoD
BREA . . | AV&. Width | Time of Time to p
9 A eak
1D Area ree Lengtvh Height Stope Width facror | Conc Peak Runof f
(squi) | (Acres) (ft) (ft) )4 (Ft) | We (Hrs) (Hrs) (CFS) [(cFs)
EA- 2.0 2304 20000 3 0.16 5018 | 0.89 3.1 2.8 | &7 249
nl EA-2 3.9 24906 24000 36 0.5 4530 o.89 3 e 32 117 236
ol . ‘
S| EA-3 2.9 1763 (Tooo 36 0-Z| 4517 | ©.89 24 2.2 |85 240
*1ea-4 0.92 588 B500 2o 0.24 3017 | 0.89 1.4 .z 111 lag
Q -
g EA-5 1O 40 7500 ) o047 | 3707 | 089 % B l.z 121 el
é EA- & 1.0 40 7500 15 020 | 377 | 089 1.3 1.2 12 161
J|Ea-T 1.5 973 9500 15 0.16 44| | 089 1.7 L5 145 | 194
§E ED-1 z.1 344 15000 12 0.08 | 32903 | 0.89 22 2.9 40 |49
w -
28 | ED-2 3.4 ZIl76 17000 zz 0.13 [557¢ | 0.89 z9 26 728 | 886
/ Computed by: J.EK
Vegetation type Y. FIELD /UNDEY DESERT
YPe cuv Bl 7 Checked by: ™T
Density BOZ/ 207 Precipitation
- Date: 1-26865
Soil Group 5/ C 6 Hr. 3.0 /342 :
mewLd vaseaT
Curve Number 7| 89 24 Hr, 40 Z4-54> Location SeE MaASTER DRAINAGE MAP
Runoff 0.z 03 [1I5 In. 1 He. 243 [239 Job No. 83314

Rundff Q|°O= 0.4 l4o ln. 5HEE~T 3 oFr ﬁ_




ARIZONA HIGHWAY DEPARTMENT

BRIDGE DIVISION

HYDROLOGIC DESIGN DATA SHEET

LOCATION DATA:

SCS METHOD: PART II

County PiNaL

Highway
Location_NW of (aSs GRMDE (SEE DRAINAGE MAP)
Project No. 83314 Station 7

To No BRANMcH Sarm. CRUZ Wasy

Name of Stream

DESIGN DATA:
Design Frequency
Drainage Area
Drainage Length
Elevation

AREA, 'R’

so0 /100

years

1.3

__ 28350  feet

Top of Drainage area

At Structure

Drainage Area Slope
Vegetative Cover Type
Vegetative Cover Density

Soil Group
Precipitation
P = 6 hour =
P = 24 hour =

DESIGN COMPUTATION:

£ 2239 feet

= |30 feet

YAR IES %

DeserT BRUSH

=)

.

2.0 /3-42. inches

___4.0/4.5¢6 inches

square miles

Curve Number _R9
Time of Concentration 2.69 hours
Peak Design Discharge
Qp = 484AQ =
D+ .6Tc 265 cfs
2
Storm Point Areal Areal Direct Peak
Duration Precipitation Reduction Precipitation Runoff Discharge
Seyre 2.13 0.4 2.00 1.05 205 2
1 hour weyr. 2.39 ' 2.25 l.25 3156
2.49¢ 2.32 .30 2655 USE
2 hour 2.74 0.5 2.L0O .60 32686
2.64 256 .60 2512
3 hour 2.97 0.97 280 L85 3172
3.00 294 1950 2198
6 hour 342, 098 3.35 2.25 203
Computed by: M.aLT Date &9 -2 -85

SHEET 4 oF 4



o o LD
PROJECT: == & ¢ DESIGNER: _ M- & T
Koo So10vTuion 2T 9, am S0 2~ s e Yieda Elud pate 2 =10 -85
HYDROLOGIC AND CHANNEL INFORMATION SKETCH
STATION :
val - : o _— e
EXISTING STRUCTURE EL. L2
AHW= D ’
T Qp = 27072 afn TW, = J ——— -—L TWw <4+
Qp = 2y g T W, = .3/ So= 0027 T
TR —-— IR AR — . . o
i N 2 EL. 1127 ) EL]WQ
( Q = DESIGN DISCHARGE , SAY Qpg ) MEAN STREAM VELOCITY=
Q, = CHECK DISCHARGE , SAY Q,, 0R Q,5, MAX. STREAM VELOCITY=
CULVERT HEADWATER COMPUTATION 2 | »
OESCRIPTION | o [size |INLETCONT. | OUTLET CONTROL -HW=H + hy =LS g‘; .‘.'s_‘g cosT COMMENTS
d
(ENTRANCE TYPE) % HW | Ke | H | d¢ _Q;_D TW | hy [LSo| HW]3 3w
' e
5-10% 7 x 300’ FiSm oe7 10.271609 [0zt | 4 [25] 4 |55 |o-7l]579)6.0%[33 corro- Qso
[vLeYT
i g4 & o7 {roz |71 o | 167|145 |575 [ 4% |575 [ot |ott] 74 |35 Corstst Qoo

SUMMARY 8 RECOMMENDATIONS:

ToTaL RONGEF From TORARSGE ARea 1G combined with 26G

EXSTNS STRUCTU RE (5'(0'><7'nboo’ c6c> IS ATOEQUATE TO HENDLE Avoe>

RONOFE FROM DA 1&.



LpM&&N“K““JElk'

LonGg & Naerow D.a..

DRAINAGE AREA “[%\)E;L, TIME CALCULATION S

DRAIN

nRe A

—

Trawey
vEL TIME SUM = TIME ©oF CoNCENTRATION

{5lope RUN
2200

2000
{900
700
7000 :

4000

oo
, !

| 500

Lo

L696ﬁ+"

5300

3;;00’

ELEV - ELEV

2752 - 7280

228D ~ 1620

IBon - 1750

[TSo - [T7To0

/700 ~ [ p20

/?_/_5%" /u(f.cw'

/430— 1298

2077 - (@50
/1650 - _[609
1400 - 1559
[550 - 1500
/1500 - /4SO
1450 - /410
1410~ 1403

Heieut

427’

-

50

!

9.

/

so
50’
40°

41s

480

Slope %,
[9.4 %
2.5%
.25%
0.9¢7%
0.757
057%
0,187
= Te

W N
o ¢
N '
o o O
N

W
W
N
o\?

P 1.7
TiME
.co_.w._c.».(ma)

0,09
0-18
0.4l
056
O-7¢

0.8¢

©0:08
13
018
0.30
0.33
. 0,'5 / B
0.67
o051
0.89

3.47




1.18
=1

DRANAGE AReA TRAVEL TIME CALCULATIONS 7700
Fie -7
Do N, LENGTI+ Time
Aves  |Slipe Ron | ELEV — ELEV HeleuT Slope % |cone.
C {c;oo' 2655 ~ 2000 eSS LS55 % 0-03
205 2000 - [BOD 250 28.6 %7 |o0.0%
y Boo jgoo - 1 7So Seo ' 6.25%7 | 006
fal /20O /750 - 170 o 4,17 2 O. 10
] _ o . -
g 700 /Too - (65O =9 ¢o 4 0'?“"
2 3200 | le%o - (¢02 59 | 1567 |03t
:9 > 500 (600 - |SSO So ' 1437 | 035
3 4760 [550 - [S0O 5o J.oe7, | 049
b OO 1509 - 1450 50 0837 | 0.05
~ 10,000 1452 - 1395 55’ 0.55% | |13
2206 0D ETe = | 3.40
é‘ D 2400 1525 - 1500 zs’ lLoed.Z |._.0-29
3 > 3500 IS0 = 1465 35’ 0.90 % 0.45
g | 2305 (465 - 1450 /5 0.65 7 | 034
3 |eee | wse-ieo | so | ozt o2
—%* D 2000 o0 ~ (390 /O’ 0.50% 034
18700 £T =| 2.3¢



LoNGr & Najgseoas DAL

Dray
NAGE AREA. TRAVE.L TIME. CALCULATION S

o N
ArsA

F-)

LENGTI+
Slbope RN

1S00
1200
30°
1500
2600
3200
4l 0O
5400
o500
7200
5 400

40200

ELev

267

2000
1800
] 750
| 700
/&5
zls
/650
/ 500

/450

14 tO

- ELEV

7000
| BOO"
175
| 700
[eS5 0
/602
/5650
1§00
1450
| 410
/365

Helenr
676
200
50
50
o
50
50
5O
5o
40

25

S LUPG 075
45.01
2,09

l0.67
3.85
/. 92
156
[©9
0.93
.77
056
o046

S Te =

Fie 217

T
CONG.,

0.05

{ 0.2

0.0
o.1l
©.25
0.32%

o8
,‘956
s
20.87
9-73
4.26




rAN
AreA

1&

DRANAGE AREA TRAVEL TiMe CallULAaTIoONS

Len&TId
Slope Run

oD

2800
750
[ 70D
2590
sz00.
2o

S 2.an

20%580

ELEVY -~ EBLEV

T ~ 2255
1250 - [ 80D
[ Boo — 750
1756 + 1700
(700 ~ /165D
/650 = leoo

Heileur

A2l
PRt

$(.ore 7@
£ 325
IS.Sz

.7

2.94

.29
O.%

S Te =

F\G‘ 2-'1

TiME
COoONG.

0.03

0.2

.00

DS

£.32
0. 4O

o0.55

[.&7



!
«

115
DRAINAGE AreA TRavel TiMe CALCULATIONS Te = 7L;mH58
- P 2T
e leemere 1T s
Aees  |slpe Run | ELEV - ELEV  |HeieuT | Slope T [come.
2 7.oo 1798 -—_W?o 75 14 0 0.04
( 1802 ;700 ~ bS50 | so 2.78 ' 0.6
\\ 2100 JoSo ~ (60D So 2.30 0.5
| 2593 ”'/r'coo ~ "é ¥ 50 /79 0.27
\ 7%02 1SS0 ~l509o 5o 0.68 <3
ZGJ 4500 1Soo - 1475 | zs | ese 0.6
| y9zoo’ | | _ =Te=| 208
Y oo 49T - ideo r 42 0.7¢ o2
B 4800 {400 = 15860 20 0.42 0. 71
/9 ZOO' (U?:)Es:/‘;: %OPE5 ZTe=| 257
J Boo 204 - |78° 29 " 3¢.38 | 0.93
| 700 [7s0 — /JToo 5o 714 o.05
| > 1800 1702~ leSo se |2 7B__ o6
280 Je5o ~7699 | se (.79 | .27
3200 | /60© -1550 5o /.S 0 .33
‘:\ 4100 /$50 f/S‘OO | so 12z | o4z
2 o 1500 — | 450 co 1,06 8,49
4 2500 }‘/50 -~ 14 zo 30 0-F 0. 42
21700 2T = 217
1 * J




DPean | LENGTIH
AReA  |Slope RUN | ELEY - ELEV
P oo | 2229 ~ 180
( 3400 | 1802~ MO
."I 5000 1700 = leon
7800 /@oo; /SS—;
3700 /Sco 3 M’SOO
5 Azoo 1500 =450
B e N
P _[1g950° | 1400 <1347
36,8092
N I
<o 1150 — (709
Chio2 | 1709 = 1659
OO T EE R
| 700 IPREREEEER
e 1S5S0 - (Do
BAz0D [Sown - 4o
5 o0 | Jdoo - |350
& 5600 . /250 - 310
26350 |

HeieuT

4329
[0O
10Q
50

SO

N
0

] (g
v

)
\D

439

SO

50

[ 30 Avest!

Drevnpre AreA. TRaveEL TiMe CalLCuLATION S

. L
Fie 17
Time
Slope T |cone.
27.4¢ 0.06
2.9¢ |oze
200 | 040
79 |02y
.35 .37
117 043
0.87 0,60
0.5 [ 1
STe =| 255
3493 0.05
9.0 .a,g%
Aes |ooed
3.18 0.4
2.94 .15
},55 O.26
(20 0.73
0.%3 058
2.71 0. 65
S Te = 2.69
e N

. OrL.L/J ’70’/\3




CONTINUATION OF RUNOFF CALCULATION SHEET

CHANNEL
Concen. | Combine | Upper | Chamnen | ezl wiaenloepen | ver.| o |mme |6 | s | R
& TP Runoff
Elevation £t £t e/t fr | £t fps | cfs | min | min nin efs
rotne 1 |EA—L_| /%33 22840 |.001! $o |3 B2 |2 |//8 (256 | 8/
ti9s |EA-R | 1418 /5000 |.0or |40 | 3 |3./7 |\as57| 827 273 |48
ED -] /%07 | 7000 |.0032 |60 |3 |38 |550|3/ |205| 0
A V4o | Jpoo ooz o |3 4o 3| 7 |aag |23
6 |/29¢ | © ; 202 | 2 | Qoo |
Point 2 - ;
* 1393 ;igé (398 | Sove | oo/ (/50| 4 44 |aasal 19 Voo lias
X ' /4o | o
¢ /395 (2700 0007 |75\ 3 |29 |\542| /& | 220 R
D o | 9 | esee-
Point 3
¥ 1387 Efogdﬂié/’ 1298 | 9800 oot/ |75\ ¢ |47 \ages| 35 \295) /20
Ed A’ V392 | #8c2 |, 003 /75| ¢ |5/ 2200 /o |52 | Lo
< 395~ | 7500 |, 001 /75 | ¥ |47 b 27 | 229 |32
D 1395 \4poo \.003 s \ Y 5 /3300 16 | 152 0
EA-77 Gb |0 | 250D
Point 4
tare  |(-a...9\ /384 | 4500 ooy Asol 4 6.1 \s3.94 12 Visa | 99
-/, 3|/384 | 4800 |. 0017|350 |4 4.0 |5334| 13 |52 | ©
E_|/38€ | 70w0 |.oo/d|aso|l £ |S. 23 22| /e 63
F-i 1407 gowo |Loosa| 7512 (6. 3|84 16 \27212/9
-2_11323 |3500 |.003|S0o |53 |4¢ls2)| /2 (20|07
H | /37 f27 | 7 At
Point S '
*isy FRMPrd| 1376 (19500 |, 007|300 | 3 |50 |40 |35 | 335 |2/9
I V420 | /1eoD (0055|300 2 | (.9 ¥W37| 26 | /5% | 4o
K___l4os | 9ezo |. vosi\zool 2 4.0 3520 22 /38 (22
L N8 | 2
M /6 | o
G-l /490 |28 300|. 0046|300 | 2 |43 3699\ 74 /5 | 70
G- 2 /475 |330vp| .005 | 300 |2 |b.0 3034|598 1/£3 |47
Point 6 -
* 1340 %ﬁffj35’7 | 75006 |.0023|/000| 2 |45 Viss| 22 | /75 | ¢3
Mib eyl 1384 /9000 |. 0023 Lo | 3 |5 /1732 62 /42| T
' /35| O
P A3 | 78| Lt

CT = Channel Time

TP = Time

to Peak

Estimates based op mannings n=,025 for grass lined chanmels with side slopes = 4:1




CONTINUATION OF RUN OFF CALCULATION SHEET

Concen. Combine | Upper Channel Average| Channel Channel |Channel Time Lag Composite
Point Areas tlev. Length Slope Time & ¢ |'Time | Peak
& Elev. : Lwidth & Time to Peak Runoff
epth '
: Yelocity
Ft. Ft. FL/Ft. | FL—Tps | mWin min min cfs
_ ) "
NowT H S - 1375 | ooo o016 | 92 4 45 /7€ 53
BrANCH
b sz 65 | 4 o | g8, 4 "
o - : oo )
"on /3 500 0. L 24 / /0 _
- | A E— B P -0 R B—
. $-3 93 o
ep’ - ,35 7 | IR AP, e oo ,Av.__,_____.L’ ‘ I
V2

Estimates based on Mannings n=

.025 for grass lined channels with

side slopes = 4:1




CONTINUATION OF RUN OFF.CALCULATION SHEET

Concen. Combine | Upper Channel Average| Channel Channel |Channel Time Lag Composite
Point Areas tlev. Length Slope Time & * ) Time '| Peak
& Elev. " Width & Time to Peak Runoff
Septh '
Velocity
Ft. Ft. Ft/Ft. F ps min min min cfs
5
Store 357
/(A/ ER-3 )44 | 5z80 |.0017 2.8 z3 /55 83
b
- Z fo
He(mDSA E/‘/} é 7
Rd T
efeus
/497
230
ZH—

Estimates based on Mannings n=.025 f

or grass lined channels with side slopes = 4:1
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CONTINUATION OF RUN OFF CALCULATION SHEET
Concen. Combine | Upper Channel Average| Channel Channel |Channel Time Lag Composite
Point Areas tlev. Length Slope : Time & ° [|Time | Peak
& Elev. " Width & Time to Peak Runoff
Depth '
' Velocity
Ft. Ft. Ft/Ft. F ps min’ min min cfs
Sforey Re| £y | 1y2] | /05¢0 [0.00/8 A 43
; o
Dot Rd| EA-S | 191/ | £280 0.0017 74 )7
U/ﬁs%fé’am
of
récc.
5‘,’(0("’»&’6’
oo

Estimates based on Mannings n=.0

25 for grass lined channels with side slopes = 4:1




s3do|s apLS Y3lM s|auueyd paug| ssedb 404 GZ0°=u sbutuuey uo paseq S93ewL}s3
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) L2 ¥7-d3
S 82z Looo | o Lokl ol
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L7
0.04593 LL

(65&: DraiNnaGE MAP Qp) To= PRETYS
RUNOFF CALCULATION SHEET
LOCATION DATA DESIGN DATA
Highway V.|.P_ BLyD AREA - Frequency 10O years
Location P6= B.42. in. P24= 456 in. Pl: 2.9 in.
Project No. 8331<
RUNOFF CALCULATIONS .
Drainage Area FieLps INbusTriaL. | RESID. Tc 1 Q
No, | Station - Station | Acre[C | A|CA|C |A |CA[C |A |CA|C|A |CA|C|A |CA|ZCA min in, /hr.| cfs
\-lq 320 |.2 |3c0| 00 |.7 |20 |14 74 85 z.0 148
v-lb 242 7 12421169 169 57 z.5 423
V-2a. 320 |.2 (30| 04 o4 70 225 | |44
V-2b 18 T |68 e 118 T2 200 |20
Y-3 1686 4 188|715 15 7 2.3 173
Computed by: _ M.AT Checked by: Date: 12-9-85
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CONTINUATION OF THE RUNOFF CALCULATION SHEET

Concen. Combine Upper Avg. Channel Channel Time | Lag Composite
Point Areas Elev. : Slope To* Time & Time Peak
Channel Avg. Time to Peak Runoff
Length Velocity
ft “Ft | __—Fps_ | min min min cfs
X~ \
Y .3 U-1 - -
m ™ - 75' (7]
b} -— J—
\Y]
x H
LI
X
» 1370 0.0017
S ZI15
o .y ©
£ 2.4 2.5 / .
m & eee 2o
PN
$
W ~
@
<
™
-,

* Estimated using the Manning equation: n
n

= .017 for paved areas
= .025 for undeveloped areas
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CONTINUATION OF RUN OFF CALCULATION SHEET

Concen. | Combine { Upper Channel Average| Channel Channel |Channel Time Lag | Composite
Point Areas Elev. Length Slope Time & * | Time | Peak
& Elev. E ' Width & Time to Peak Runoff
’ Bepth ‘
Velocity
Ft. Ft. Ft/Ft. F ps min min min cfs
e
v 272 s | oy |5
- Zz 1/% /
a V-la 1382 | booo .oolf - 3.9
!
‘ 57
_ _ _ )
V= 1v V-1b 393 [ss00 1 ] _
) 1372
Y7o
42D —

Estimates based on Mannings n=.025 for grass 1ined channels with side slopes = 4:1
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CONTINUATION OF RUN OFF CALCULATION SHEET

Concen. Combine | Upper Channel Average| Channel Channel {Channel Time Lag | Composite
Point Areas tlev. Length Slope Time & '~ ° | Time | Peak
& Elev. - ' Width & Time to Peak Runoff
Depth ‘
: Velocity
Ft. Ft. Ft/Ft. F s min min min cfs
1
3043 //”/ /VV
VIP V-2Za /1375 Agbo 0.0008 > & 943 /13 41
t
z 26> _
' V-2b 77 o
1372
2o
340

Estimates based on Mannings n=.025 for grass 1ined channels with side slopes = 4:1
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EXAMPLE : \ o
GIVEN: $:0.02 FIND: /D= /
Q:20 cts ar N\ / UNIFORM FLOW
D= 36" (CONCRETE) \
SOLUTION - \ // FOR
d/D+0.30 \\ / PIPE CULVERTS
d= 030 x3':0.¢' W/ :
AHD
Structures Section Chart 15
Hydraulics Branch FLORENCE BL/ D> STORM DRAIN

(see PLATE 4 N



PROJECT: 82214

DESIGNER: MAAT

RECOMMENDED DRAINAGE STRUCTURES oare.. (s-82
HYDROLOGIG AND GHANNEL INFORMATION |No|AHW | So [No|AHW| So |No AHW| So
Qig = 290efs e = BOBSs Qy‘lsq_.o 19| 3 |00z |25 4 |06 |3] &5’ |.003
Qo= 330cEs | @y = 2B2<Fs 20| 3" ooz [26] 37 |.000
Quz O s |Qpy = 2@T ks 2l 3 oz z7] 3" |.e0c
Qi =173 cis  |Qr3 =46k cts 22| & 0oz 23| 3" | .00e
Qgs;l75 eds  |Chg = 246 cfs 123 37 | ooe 29 &’ |,00z
Qi = BL5ES 30 = 246 ofs 2| 4" |oos |20 5’_ voT

CULVERT HEADWATER COMPUTATION £ r LOCATION
OESCRIPTION | o |size [INLETCONT. | OUTLET CONTROL HW=H+ho-LSo [8Z|3S| cost |
W‘ZNTMN.CELHE.%, .EO! HW | Ko | H | d¢ .ﬁc;o_ TW | hy | LSy | HW § 3 No.
5-gxa'weos |97 lgiz 085 |2ss |dolas |17 |23s 235 [235]ore [e8|2ce 19
3-8%z'kent [110 [8xz |09 |2.22 |40 |55 (i35 (243 |25 2.43 ;.(2, 296|285 20
3-8 3 x80t {113 [8x3 |095 [2.85 |40 |-l (185|243 .43 |2.43(0. 1 |28 |2.802 2|
2-8%2Zx 00~ |27 8«3 |o¢ |T4o|.dJo| 35|62 |2% ]| 2 |z22[orz]249 249 22
2-B2Zx 80" 87 |8x3 ot |zdo [ 40 |40 JS2 |28 |20 |2.20 |~ |25 |250 23
41080 |26 |ioxd |05 [ 285 |40 [ |os |325(3 |25 |ou2|387 (387 24
4-10x3x 199 |12 evs'| 127 881 o4 |12 235 |2.08{2c |268]00 |3.22[3g 25
3-33w00t |99 |t |oed | 252 [o4 | 4¢] 16 |22 23 0.6 |oid {252 26
3-8x2u 55t |89 (w3 foe |24 |04 |4 155 (22 |2 k.3 o3¢ |22d]2 27
4-8xz, 50+ | 117 [@x3 |o58 |z54 |oy of 185 1243 2 |z243 534 272|294 28
-8z o0t (122 843102 |306 od [ 77120 |25 |2.2 |25 |o.2|307|307 29
2-8r2y 0t |123 |8%a oz |306 [0 |10 |20 |2 |25 |rg |02 |508]508 P
5-10vs w0+ |208 lioxs’ |69 475 |od (09 | 2.1 |355 |35 [3ss o/e 127|475 3]




— .

prosect: 82319 pesineR MA T

RECOMMENDED DRAINAGE STRUCTURES pare.izses |
HYDROLOGIC AND CHANNEL INFORMATION [No AHW | So |No|AHW| So. [No|AHW | So

3870 y7o ( T / ,
Q, « 280k | Q1 =420efs |Qu = blOCPs 4 (0005 7| 3 |05 |/3]| 45 |00Ske

Qu: 2805, {Qa = 32( cbs |Qu = (4B cfs 3 lowz| B35 o054 | 2’ |00z
Qs= 720cks. Qs » 7105 |, =423 ofs 4 |owz|9 | 27 |00 15| 3' |00t

Q4= 210chs Qo =140cfs @y =923 cfs 3 |eois |[IO|NA (05 || B |.002

O T I S AV IR U T

Oé='4o( cfs | =% X Qg = 144 efs 33 |oos |11 ]| 8" |0z [17] 37 |.00T
Qb;égfgo Qn_afolécﬁs QEZSOC!FS | 3" |ooin|/2 45; cols /8 3 | .02
CULVERT HEADWATER COMPUTATION § r LOCATION
DESCRIPTION o |size |INLETCONT. [ OUTLET CONTROL HW=H+ho-LSy, [2 % 28( cost " No.
Jmmance e (B Hw k| H | de _".c;i ™ | g | LS, | Hw g 3w
T;:;‘,:o’;;:;% 233 |llox' |10 |40 |od4 )35 |20 |32 |2 |33 [oo [355 (40 I x
2-10x3 | 00" wan lioxz'|034 |292 |o4 |56 |18 [2.4 |2.0 |24 },'z_ 27 |29t 4
4-0%a'x 0= | 180 [1oxdt o84 | 252 |04 [50]22 |21 [30 |2 |oi2| 24l 3
z-cé":;';\oo:’ 105 3%z (0.9 |27 lo# |55 |17 [235 | 2 |z3s |oas |25 275 4
3-éx§;Zo°;t/ 134 |8%3" [109 |327 |oq |03 |24 |285 |2 255 lous |33 |33 5
3'-,o§'§,ﬁgot' 142 |10x3'|o35 |285 |o4 |5 |18 (24 |2 |24 |oz |z35(295 b
3-\Qi§fioo’i 140 liox3 logg |2.35 |ed | BT 1.8 (24 | 2 (24 |o45 |232] 235 7 >
2-10%8'x ot |l |io¥3 los [245 o4 |7 |20 |25 |z |z.58 |o4m |34 |28 5 B
3-3370emP | 24 |33 |of8 [242 [oc |02 |17 |223] 2 |23 |o1t [30¢ |50t 9
J;;f:pz o i:, ,’;‘vﬁ 100 | x |sce]| PuarE 4 1O
%o 16r3an |87 |0 |09 | 202 od pa7)ie 24 [z fed |oer|ze |28 1 3
3-iox4xioet |203 |lox4 |09 [3.¢ |oy |.L2]|22 (345 | 2 [315 |ous |362] 32 I
3-loxaxso t 203 |1ox4 |07 [3.6 o o] |23 215 |3 |25 |eus |3.61]361 13
I0%3'% 100|148 |iox3 [0.99 [297 |04 |65 |19 [245| 2 |z45|02 |29 |297 14
3-10xz% 0t |41 |ox> logs [285 P4 |ss| o524 | 2 24 |o.z |z33|2.35 15
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i

~ EASEMENT WIDTH ]
Z .
-—\ D=5 M
L 20! _,|
" BASE WIDTH !

620
COMPOSITED  Q00= GlDe fs,

VEFTS @ 4! CAPMCITY= GO3 cfs
S MAX. CAPACITY 2947 2§,

&IVEN
5200013 Y34 *
n=002%

A= 200 9. F#
np = elz>"

Urainage Easement And Channel Gecmetric
rom _unction Of |st Street ¢ 5hu[%7 Street
To Cm&anfmﬂm int .




Velocity *
Channel 1.0, Easement Approximate Longitudinel at Capacity Runoff
Number Top Width{Depth Length Slope Capacity .
(ft) (ft) (ft) (ft/ft) {fps) (efs) {cfs)
] 150 4 5000 0.001 4.4 2351 _2303—
i 2 /oo
2 175 4 4600 0.001 4.4 2824 2880
X Ssvoo
. 175 4 3.6 3682
3 250 4 5280 0.0017 5.9 2607 4328
‘ ) YYo0
4 250 4 6000 5.7 5309
425, 3 4400 0.0016 5.3 6041 -£865—
7E05
5 40 3 5280 0.0017 4.0 334 280
6 70 3 5280 0.0015 4.2 732 720
7a 90 4 5500 0.001 4.2 1225 1150
7b 95 4 2800 0.001 4.2 1319 1300
8 .35 3 2500 0.0013 3.3 230 210
9 50 3 2500 0.0013 3.7 420 a9
10a 50 3 1600 0.0013 3.7 420 401
10b 50 3 1300 0.0013 3.7 420 401
10c 50 3 1100 0.0014 3.8 435 e
S~70
" 50 | .3 15200 10.0014 3.8 436 Sl
570
12 50 3 3700 0.0014 3.8 436 o5
S7o
13 45 3 1050 0.001 3.2 312 283
14 40 3 3600 0.001 3 257 214
15 50 3 1300 0.0014 3.8 438 P o
470
16 150 2 2700 0.001 2.9 218 —
/Jo¥o
17 a0 3 3900 0.062 4.3 363 321
18 50 3 2700 0.0012 3.7 420 370
19 26 2 2100 0.0015 2.3 102 102
202 60 5 2600 0.0013 ¢.7 947 510
20b 50- 5 15000 0.0013 4.7 ga7 610

* Cztipates based on Mannings n=0.025 for grass lined trape

ipe

zgidal channels

@ith side




’ Velecity
Channel I.D. [Easement Approximate Longitudinal at Capacity Runo £f
Number Top Width| Depth Length Slope Capcity
(ft) (ft)ft) (fps) (cfs) (cfs)
21 30 3 2500 0.001 2.7 128 148
22 50 3 4500 0.0015 4.0 452 123
23 35 3 4300, 0.0005 2.1 123 144
24a 40 | 3 2500 0.001 3.1 256 250
" 24 40 - 3 1500 0.0014 3.6 303 290
24¢ 45 3 1400 0.0015 3.9 382 e
25 30 . 3 5500 0.0018 3.7 199- 173
- % 55 4 7000 0.002 5.3 824 820
28 20 2 1400 0.001 2.1 20 12
29 25 2 2500, 0.003 4.0 135 119
30 25 2 2500 0.0026 1.3 147 138
312 30 3 7900 0.004 5.5 29 267
31b 35 3 2300 0.6035 5.5 377 282
322 35 3 3300 0.0035 5.5 377 300
2 | 3 R 2500 0.0035 5.5 377 350
33 90 3 2900 0.001 3.5 830 808
34a 60 3 2800 £ 0.003 5.8 836 808
34b 60 3 2600 0.003 5.8 836 808
35 60 - |3 -800 0.003 5.8 83 472
37 35 |3 5280 0.0015 3.6 247 246
38 40 3 5280 0.0013 3.6 292 246
39 o |3 5280 0.0013 3.6 282 244
}
40 60 5 5000 0.002 5.9 1172 1540
| L

* Estimates based on Mannings n=3,025 for grass lined trapeanidal chznnels with sids siepss = 4:l
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AReA IN STREETS

STREET NAME wIDT 14 LENGTH
MAIN AVE 22 zeto'
KATHERINE, AVE 2z 200’
SACNTON AVE, XA 200’
WASHINGTON ST 22 200’
FLoRENCE ST. 27’ 200"’
&, MARSHALL ST, 37’ 850’
5, PieacHo ST 22’ 820’
o, DRYLAKE. ST 22’ 20’
S TOLTEC <T. 22 400’
E. 1oT AVE. 32’ 990"
E znd Ave, 22’ ©90
22" x 7990 = £22LBO . 5 .a7ackes

4235660

ToTaL PAveES> STREETS W/FUTUQE cURMB = 9.9 ACRES .
Runore 'C'=_0.85%

Liam T INDUSTR/ A
AR E B

2610 % 170 ~ 43560 = (0. ZAC. RONOFF C =0.70

RESITSENTIAL AREAL

/
48@,050‘: “42560 = L7 Ac. RUNOE T ‘Q’; 0.43

NoTE 4 +DwWelUNG UNITS PER ACRE LSE C= 043

}
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AR E A

476,8008 '+ 43560 = 10.95 ACRES RUNOFE C = 0.60 <22§;’7>>

TIME o CONCENTRATION (Tc.>

N7
To overlanns 0.04593(1880) | 24,0 min
385 -
25 ZTc, -"39.5 min

2840
Te Pvmr = 35x 0O

\

13, 5 v n

DRAINAGE AREA (B) ToTaL Aresc= 2.0 Acees

STREET NAME WD T . LENGTH
wW. fsT Ave, 3z’ | 720"
KATHERINE AVE, V 3z’ Z00’
SACATON ST, . 32 200’
WASHINGTON ST, 32 200’
FLORENCE <T, 327 300’ ,
320 x 2920 =_93440" . 7,14 Ac.
4350
ToTaL FAaven STREETS W/FQTURE CorR = Z.| ACRES
RUNoOFF ¢ = o.85

1
i
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DRAINAGE AREA (B) econT.

LiaHT INDU%TL(BAL& G&mubB

420X 20T 423200 = 3,1 ACRES, RUNOFF c' = 0.9

RESIDENTIAL

2975507 42560 = (b, & AcReS , RONOFF C =043

PARK
, , RUNOF F
180 x 200 43560 = .74 ACRES [ RETAIN ON SiTe >
TiMe oF CoNCENTRATION (T )
17
Te. OverLLAubso.o‘{-%‘)?:(%‘i%) = 7.8 min
075,285 ’
=Te= (13 min

2005’ =

Te PYMT =i, .o 9.5 Min
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STREET NAME WD TH LENGT M
MerCEDES 32’ 700’
KATHERINE. AVE az’ 325"
SACATON ST, 32’ 320’
WASR INGTON ST, 22’ 320’
FloRere ST, 2z’ 4907
2RD>  AUE . 37’ 2200
2N AVE, 22’ 1520’
MARSHALL o 3z’ 200’
22 w6175 = 1976990 - 4,54 AcreS

43560

0.85%

ToTaL PAVETS STREETS W/EUToRE CORPS = 4,5 ACRES
| RONOFEF ¢

"

ReSIDENTIAL ARE B

043, 650”7 +43500 = 4.5 Acees RUNOFF'C': 043

A ——

TIME oF CONCENTRATION Q‘c)

0,04593 (4o)77

Te OverAND = — =3 = 79 nmmn
0.15 85
2T ZTe=21.7mn
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—y— Calculated by MAT, Date 5= %-85%
LN ]
= CARTER ASSOCIATES, INC. Checked by Date -
DRAINAGE AREA @ ToTa AREA - D30 ACRES
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STREET NAME VAV TSTIA LENGTH SR .FTT
ASH ST 32/ 1630’ 52160
BEECH ST, 22’ 16320 52160
CEAR ST, 22’ 1630’ 52160
DATE ST, 32’ 1630’ 5210
ELM <, (FotoRe) 32 1630 52160
Floeence ST (URBAN) 40 1540 6! 60O
FloreMce ST(RORAL)  30'% 1300 ' 29000
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ELLIOT Ave 3z 1270 400640
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ToTAL PaveD STREETS wW/Cur™ = |1, | ACRES RUNOFF <088
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' 0’ 4 v
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’

[, &ol, goo” T4325c0 = 4,4 Acrcs, RUNOFF <= 0.4%

TIME OF coNCENTRATION (Te

) NorMa L CroOWN § = OUERWAWD FLOW

77
Te = 0,04%9?,(2700) = 26.30 Min.
027,6'%9 —_—
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STORM SEWER SYSTEM DESIGN: RUNOFF CALCULATION SHEET

LOCATION DATA DESIGN DATA

Highway Crae GRaNDE STReETS . Frequency 50/"’0 years

Location SOUTH SIE oF K. TRACK S P6= 30/3.¢4 in. P24= 40/46 in. P1= @Z&%S in.

Project No. 83314

: 1 Hoor ) Q
RUNOFF CALCULATIONS LioHT INDUAT Baer GROINS - J 5o
Drainage Area Pav't. Comm. Resid. INDysTRIS, | Pre<, Tc 1 Q We
No, | Station - Station Acre[|C | AICA|C |A [CA|C |A |[CA|{C |A |CA|C|A |CA|ZECA min. in. /hr.| cfs
A | invosTReL f RES. [28.2 [085]59 5.0 (270]0.2| 7V [043]11,214.3 [040 |09 |65 3.4 |395 | 2.78 | 65 |0l
S R A 12.0 |085(21 [1.8 043|6.8]2.9 |0.603.[]1.9 b6 | 17.3 459 20 055
C. |Resamermiec 9.2 [08[45(3.& - 0431148 |b.4 0.2 | 21.7 4,10 42 |053
SUoPES

D [ RescenTan 53.0 [ogsil. 1]9-4 0431414173 [0.6005 [0 275 1.36.5 2.98 |82 |e52

TooTeL acxes, = |122.5

ToraL| 1 HovR Qs0={219 |cfs,

Pa (R&Tf.vp oM ':'.-re\ I 2_ oz |12 B2 N/A

Fielh /E‘L,r/a o S1Te
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STORM SEWER SYSTEM DESIGN: RUNOFF CALCULATION SHEET

LOCATION DATA

Highway
Location
Project No.

Cases GRaND=E STReeE TS

=OMTH SIeE oF LR TRACKS

B33 4

RUNOFF CALCULATIONS

LieHT INDWUAT

DESIGN DATA
Frequency

Sa/goo

years

Pg=30/34¢ in. Pyg=(40y4e in. Py= 2.3 /239 in.

Rare GRYMI>

(

74 M)Q%o

Drainage Area Pav't. Comm. Resid, YDy e | PAgL Tc I Q We
No.| Station - Station | Acre[{ C | AI|CA|C |A |[CA|C | A |[CA|C |A |[CA|C|A [CA|ZCA min. in. /hr.| cfs
A vl b res. 23,2 03559 5.0 [>70l02| 7t |243)11.2] 4.2 [o4o |09 |65 234 | 3956 | 5.2 /22 (o6l
2 | inresy e g Rel 2.0 logs|zi 1.8 043]6.%12.9 |0.tn]|3.1]1.9 b.& 17,3 8.5 56 |05
c |reovosie 9.2 [02|45]3.8 043148 |b.4 lo.x | 217 | 7.¢ 78 |o53
[sdords 5.5, Toml_ Qgo-| 256 oF s
D | Resicerstens 53.0 |oas|i1]9-4 243 [4. 4173 [0.40]0-5 |0 275 [.36.2 | 5-& 154 |os2 |
ToTeol peke = [122.9
Peore (flr_Tr.'u onfrre\ l 2 o2 |1z |02 N/A
Fieth /['z,!’: Y ) |
]

Computed by: MoA L T AR Checked by: Date:
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=== CARTER ASSOCIATES, INC.

April 17, 1987

Mr. Tom Long, P.E.
City Engineer
CITY OF CASA GRANDE

Casa Grande, Arizona

RE: Casa Grande Master Drainage Study
Carter Job Number 83314

Dear Tom:

In response to a concern expressed by Bill Collins of DNA Engineering, we have
reevaluated the magnitudes of runoff in the Casa Grande Master Drainage study.
We agree that a discrepancy exists in the use of channel time when plotting the
composite unit hydrographs for combining tributary areas.

The lag time in this study is defined as the time of peak after the initial subarea
peak has subsided. The channel time in this study is defined as the time which the
unit hydrograph for the particular subarea "lags" before reaching the concentration
point. The original composite hydrographs were incorrectly plotted due to previous
confusion between these two definitions.

Enclosed herewith are the revised composite unit hydrographs with a summary of
reevaluation for all concentration points. Fortunately, most of the revised
composite peaks are similar to the original values. Revised sizes for channels and
structures have been determined for those flows which bring about a necessary
change.

Please find the enclosed evaluation. Let me know if I can be of further assistance.

Sincerely,

LAFRY 4 :

John F. Kraft, Jr.

JFK:mww
Enclosures

-

5080 N. 401H STREET, SUITE 300, PHOENIX, AZ 85018 @ (602) 955-0900



SUMMARY OF REEVALUATION

Original Q Revised Q
Concentration Point (cfs) (cts)

No. 1 on North Branch 2,000 2,100%*
No. 2 on North Branch 2,800 3,500%%
No. 3 on North Branch 2,800 3,500%*
No. 4 on North Branch 4,120 4,400%*
No. 5 on North Branch 6,000 9,800
No. 6 on North Branch 7,200 11,500
French St. & West st St. 346 400
Shultz & 11th St. 610 620
State ditch at Silver Reef 220 215
North of College Park 420 470
Trekell & Cottonwood 425 570
North of Kortsen E of Center 750 1,040
Burgess Peak Area 725 730
Storey and Hermosa 246 298 %%
Florence Blvd. and Peart Rd. 280 268% %
Storey and Peart Rd. 720 392x%
Downstream of Storey and Peart 865 500
Peart Road Qutlet 1,300 1,170%*
East VIP Blvd. Area 423 470
West VIP Blvd. Area 340 320
VIP Blvd. Area 820 970

* Structure is nonexistent or revised flow has not significantly changed.

**  Runoff quantities revised June, 1987.

Structure Channe!
Designation Designation
* *

* 2
1 2

Pinal Bridge 3
* ba
* 4b
11 *
* *
* *
7 15
6 10c & 1l & 12
* 16
* *
* *
* *
* *
* *
* *
* *
* *
* *




REVISED CHANNEL CAPACITIES

Original Revised1
Channel Size Size
Designation Concentration Point (it.) (ft.)
2 North Branch East of Trekell 175 x 4 225 x 4
3 North Branch East of Pinal 250 x 4 250 x &
La North Branch West of Pinal 250 x &4 400 x &4
4b North Branch West of Thorton 425x 3 700 x 3
10c Trekell and Cottonwood 50x 3 60 x 3
11 Downstream of Trekell and
Cottonwood 50x 3 60 x 3
12 Downstream of Trekell and
Cottonwood 50x 3 60 x 3
16 North of Kortsen East of Center 150 x 2 150 x 2.5
REVISED STRUCTURE CAPACITIES
Structure Original Size Revised Slze2
Designation Location (ft.) (ft.)
1 North Branch and Trekell (12) 10 x & x 120 (15) 10 x 4 x 120
6 Trekell and Kortsen (3) 10 x 3 x 150 (4) 10 x 3 x 150
7 Kortsen West of Casa Grande (3) 10 x 3 x 100 (3) 10 x 3.5 x 100
11 Florence Blvd. and Ist Street Add (2) 6 x 3 x 180 Add (3) 6 x 3 x 180
! Based on channel slopes shown on summary map with 4:1 side slopes and
Mannings n = 0.025.
2

Based on a 1.0 foot head loss with a loss coefficient Ke = 0.4 and Mannings

n = 0.016.



Project No. 833ﬁ/

S— (602) 955-0900 Project Name CASR GRANDE DRAINAGE ST.
-
- y— Sheet No. ) of 21
— JoHN KRAFT ML
—— Calculated by ~2 Date
wmmmw CARTER ASSOCIATES, INC. 2 e K ¢ o/
4 ] 2 . Z /“:'f"‘
5080 NorH 40th Streer, SuiTe 300, PHoENix, AZ 85018 Checked by Date & LEZ/ = £
NoRTH BRANCH oF THE SANTA CRVZ
CoMPos 1 TE HYDRoGRAPH
FoR

ECFSj

RUNoOEF

1500 d

Jovo d

Soo <

CoNCENTRAT 10N  PoinT |

¢om\pos) TE PEAK

SuP erceeds 2000 cfs

SCALE  VERT: 1 Yoo s

)1’

HORIZ | ¢ too min

7iME [MiIN]



Project No. 93 3)‘7’

—_— ' A 6. AINA GE ST
—— (602) 955-0900 Project Name
A
— y— SheetNo. 2 of 2|
_: JoH~Y KRAFTD &
— Calculated by < < T Date #&L—L
e CARTER ASSOCIATES, INC. o P
Checked b < Dat 22/
5080 NorTH 40th STReeT, SuITE 300, ProENIX, AZ 85018 ecked by ate 6/22/F7
300 — o NMoRTH BRANCH oF SANTA CRuZ
’ CompestTE H Y PRoGRAPH
g l FoR
| £ CoNtENTRATION Poi~NT vy
3000 P L)
l Iz
seae VERT. 1" socodds
| HoRIZ. 1": 100 min
|
2500 ¢ ComPvs)TE PeAK 3ZSoo c(s
(o 265 mirv
™= )
\_L’\ o
\:’ 2000 4
U. Q
L
3
3 /SOD <
'y
FRoM Pr |\ b
Ny
/%00 4 (-) | .\Eﬂ-fj‘glé/)
&L -n
]
S00 4
v [ 4 v v A\ J
J00 2Zoo 300 Y00 Ky-"3

7 /M€ [MN7]



Project No. 3314

‘— (602) 955-0900 Project Name CASA 6, DQEJAJAGE ST
——p— SheetNo. =S of 21
== K 4/8/s7
1 Calculated by .J_ |~ Dat ‘
== CARTER ASSOCIATES, INC. ey ate o
{e ¢ @
5080 NortH 40th Streer, Surte 300, PHoenix, AZ 85018 Checked by — Date &2 7/ 87
NORTH RRANcH oF SANTA cRuz
ComPoSITE HYPROGRAPH FoR
3500 w — CONCENTRATION fPoINT "3’
3000 4 SCcALE VERT 7+ 500 of s
HoRiz 1"= 700 Min
28500 4
Compos,TE PEAK
~ 3Sop ccS @ zgl N
<
N
W 20060 4
e
s
3
< 15v0 J
.IODBG
Soo
M
-~

7/ME [MIN]



Project No. _ 83314

(602) 955-0900 Project Name A -
sheetNo. 4 of 2|
CARTER ASSOCIATES, INC Calculated by _TeHw KRAFT Date 55[2/82

5080 NortH 40th Street, Suite 300, PHoeNIx, AZ 85018

Checked by . (4 £ Date 5[’-2/32

MoRTH RBRANCH oF SANTA CRVE
ComPoSITE 4 YPROGRAPH FoR
CoNCENTRATION PONT 4"

(@ PiwAL BRUDGE)

cosn Lo PosiTE PEAK
- Yyoo fs @ 270 MV

™
“ 44004 — — — — T — |
-, P
't Yooo 4 . | }‘chE VE’QT. /”-'0/000<95
S HoR1Z )7 1o0 M
S
Q&

3000 {

ZOUOq

JooO {

600

7ME LMV ]



CARTER ASSOCIATES §3214
210 N. PARK STREET SHEETNO D or 21
FLA%SZ';\FF' AZ 86001 caccutatepsy. SFE K pare v/87
(602) 779-4505 -
checkeo oy A 2.4 DATE _ é,//?- ? //ﬁ'{
sone VERT 1"t 2000 cds  HoRiz |7 soorin

Lfsd

RuvnoFF

1 0000

Boce

booo

Yo 004

foo Y& ) HR

ComPos1 TE HYDPRoGRAPH
, FoR )
ComNeernTRATION FPorNT s

(oMPosITE PERK
98oo cfs (@ 200 MmN

Sufer«.eeég §ooo r:(s

FReA T L’J

/oo zoo 300 Yoo Soe foo

T ImE  Lrun’l




== CARTER ASSOCIATES oo 82214

- ERT—= 210 N. PARK STREET SHEET NO 6 Y |
' =— FLAGSTAFF' AZ 86001 CALCULATED BY. 3 ’ K DATE /D -
—— (602) 779-4505 . Sy
CHECKED BY ﬁ?ff DATE é'/’ Zs s‘f,-;’
sone VERT 1": 2000 fs  Hopiz 1" t20miwv

, /oo YR | HR
NoRTH TBRANCH

- o , CoMPosSITE JMYPRoGRAPH
FoR

_ , o - ComteNTRATIonNn FPonT &

_ 2o0 w ,
ComMTFonTE VEAK
I,500 <f5 @ 220 m
. 19000 Squ/ceer 7 20> c(;
'\‘
wvi
[N
. N|
(S}
BooP 4
w
— W
'
3
|k
boeo |
— Hoou  {
.2oeP <

/oo Zoo 2oo Yoo Loo §oo

7rme LrunJ

- PRODUCT 204-1 Ve s inc. Groton Mass D147}



== CARTER ASSOCIATES sos B339

[ P—— ]
——a 210 N. PARK STREET SHEET NO. 7 o 21
=E FLA(EB]Z’I;F7F7.9A§’58065OOI CALCULATED BY:FK DATE ,O AR
CHECKED BY Zfﬁ DATE,é/?' ?/'f'?f'
soae VERT 1+ )00 C-I.\ HoR1Z 1" Yo min
CONCENTRATION  PoinT—
FReENCH ST , W /ST STREET
NEAR S PoinTs
‘0‘7-4
500
Y00 4 , ~— CoMPosiTE VEAK
oo c‘Cg & Bo MmN
Swferceetls 344 ds
Joo 4
%)
200 {
M-Z,
/00 4
M-3
Yo &° ‘Lo /o ze60
75 Trind

PRODUCT 204-1 N e s, Inc Groton Mass 01471



r
=—= CARTER ASSOCIATES 00— £3314
mm—=  210N.PARK STREET SHEET NO. & or 2l
==- FLA(%%‘;g\F7F%9AiS8065001 CALCULATED BY J-4F K“_ DATEil{&/_B L_v_
L J -
) creckeoey K E R oare & /7 7/ D
scale_VERYT 1" 100 C'Fs HoRi2 l".' o0 N
loo YR ] HR
MID~CITY ComPOSITE HYDRoGRAPH
boo ﬂ Coﬂ ?OS’TE PERK
5 620 s @ 90 min
SU?Q’LQCJS ’ ‘/0 C‘)[b
Soo
Mo e
n
T
~ '-IoDJ
L
W
Q
D
hY
% 3091
)
[0}
200 4
M- M-2
100 4 M-3
Y v M v v k4 v
Yo Bo /20 /6o 200 240
s me  [Min]

PRODYLT 204-1 AV E 6.5 7 Inc . Groton, Mass D147




L
=—= CARTER ASSOCIATES §3314
mm—= 210N.PARK STREET SHEET NO. 7 or 21
=—E FLA(%?);/;I;F79A5158065§)01 caccuaten sy S F K DATE 1//8,/87
GHECKED BY ﬁ{e DATE é//? 7,«‘/5““?
scaie VERT I”.' Yo c-.cs }-}o({;q ;" 20 M
| Joo YR | HR
CoMPoS)TE HYDRoGRAPH FoR STHTE DItk
@ SiwER ReefF RD
240 4
P — '
CoMPosiTE PEAY ,
100 < ® 25 c-fs @ So mMmin
Su?er,_ee()s 220 efs
'\\
: K‘,.d‘ I60 -
v
3
\(
Y
§ J20 4 N
3
DN
BD -
u-3_x
Ho 4
2o Yo 50 &o /oo J20
TyME LMin]

PRODUCT 2041 *A &5 Inc Grotor: Mass. 01471




r Y
== CARTER ASSOCIATES woa B3514
— . =m——=  210N.PARK STREET SHEETNO. /o or 2|
‘ —

_E FLAGSTAFF' AZ 86001 CALCULATED BY TF K DATE q I I o) /8 7

Y (602) 779‘4505 L § { P
CHECKED BY % fﬂ onie & L PIET
scae VERT 1 /o0 C‘FLﬁH RV ) " Yo MV

/oo YR | HR

CoNCENTRAT 10N PoinT NoRT H oF
_ , PRoPosEp CollegE PARK

6004
Soe 4
— '
: CoMPosITE FPEAK

_ , : , Y7o £y @ Bo min

Yoo 4
_ Svferceeels Y2o et -F{M

Previovus —’QC\\QVlf-\\'n'or\

joo’J
- 200 4 u-2

L0 4 u-5s

u-é
‘v - . 4 v v v

4o 8o /Zo 160 200 24e

PRODUCT 2041 VE&rs lac, Gioton Mass 01471



oa £ASA GRANPE _PRAINAGE ST vDY

=—= CARTER ASSOCIATES
— fo— / 21
mm——=a  210N. PARK STREET SHEETNO. / oF
—— FLA(%?);’)\F;?' g2 3001 cacuiateasy To N KRAFT DATEimyk?_
— - 5
ceckep sy € {”3 DATE éL’/')— Vs 5{7
soae VERT 17 100 ofs _Hogiz 1° Y0 an
Jeo YR 1 HR
CoNcENTRATION PoinT & TRENELL § CoTloN woo D
600 4
—< ComPosiTE PEAK
S70 s @ S0 MV
Soo 4
SUfeﬂeecIS Y25 As  from
Freviovs [«/“’/avzz'w\
™~
<1
W
L
W
Q
2 3oo 4
Y
&
u-e
200 4
loo | U‘q
-7
Yo &o /2o /6o 2oo Z4e

7 /ME LmiNTJ

PRODUCT 204-1 A £ 55 Inc

Groton

Mass 01471



7ME L]

=—= CARTER ASSOCIATES oo BI31 e
=_- 210 N. PARK STREET SHEET NO. _[;_—w OF*_Z;,‘__%
== FLAGSTAFF, AZ 86001 CALCULATED BY JFK ___ DAYE L/ &
——— (602) 779-4505 o 7ot
GHEGKED BY __ li&g ___ DATE_ s
SCALE_MI;_LH_:liD ofs HDKLLJ e Yo Min
Joo YR | HR
ComMPos i TE HYDPRoLRAPH
. FeR ,
NokTH oF KoRTsenN RP
EAST oF CENTER AVE
1200 |
1000 4 CoMPosiTe PEAK
/0¥0o f—‘)fS (® /00 min
(! §ufeneec\<, AN c«{s
‘t goo 4
(e
'e
W
Q
3, boo J
&
Yoo 4
©
200 4 U‘Z_j
/U"-l
FR-3
So /00 r5o 200 Z2S5o




CARTER ASSOCIATES
210 N. PARK STREET
FLAGSTAFF, AZ 86001

(602) 779-4505

oo 83311
Y 2= S -4 |

cacuateney JeHN  KRAFT DATE#/Q/QZ
CHECKED BY t"{’é.ﬁ' DATE,EMI
SCALEMLLAM&LZ_’LM

f/‘., P
r &

Joo YR ) HR
—a CoMPosiTe PEAK
700 4 , \0 730 C‘CS (@ oo miN
BuRGESS PCAW HAREA .
600 4 CoMPoSITE HYPRoGRBFPH
% Supe/ceéc(s 725‘cf;
Soo4
h
.}
<
T
Q
\
g
o
(\2 Foo 4
?.904
S-3r S-1
/oo o S'Z/
Se /oo /5o 2c0 2%o 300
TimE LT

PRODUCT 2041 Vermrs | tnc . Groton. Mass. 01471



CARTER ASSOCIATES, INC.

Project No. 8 3 3} L/
(602) 955-0900 Project Name CASA 6. DRAINAGE ST

Sheet No. 14 of 21

Calculated by JoH~ K RAFT Date A3

5080 NortH 40th StreeT, Suite 300, PHoeNix, AZ 85018

(cfsT]

A UNnoEE

300 <

200 4

oo 4

Checked by ’»5’3( {/a Date 5/’/?4 ?x?@' g

CoNCcCeNTRATIoN PoiNT
SToREY [ HERMoSA RD

‘ CoMpos 1TE PEAK
‘ 298 fs @ 159 MmN

ScALE VERT ": So els
‘ HoRiz 1" 60 MV

‘ EA3—7
ZA-6
So 2o 180 rd' 1) 300 360

7 ,ME [ MW ]



Project No. 233/ 7

S— (602) 955-0900 Project Name CASA 6. DRAINAGE ST
- _
— Y— Sheet No. __ /= of 2
R s
=—E CARTER ASSOCIATES. INC Calculated by JeHW KRAFT_ Date fi‘ZID ZBZ
A
___ HER /s /B
5080 NortH 40th Street, Suite 300, PHOENIX, AZ 85018 Checked by __¢ { < Date & /2 &~
sontenTRATION PonT (P
FLeRenetE BWO 3 PEART RD.
CcALE VERT )" soodds
Hori1z 1" Yo m.r
h Yoo 4
[
R
.
lt 30° 4
2 Com Pes.TE PEAK
K 268 cfs @ 72 mn
209 4
/e EA‘S
EA-Y
$o 8o /2 /4o 200 2%o

7/ME [Minv])



S— (602) 955-0900

= CARTER ASSOCIATES, INC.

5080 NorTH 40th Street, SUITE 300, PHoeNix, AZ 85018

Project No. 833 Y

Project Name CB_S_B_G_Q RﬁLﬂﬂé_L ST
shestNo.__/6 of 21

Calculated by Io &V HARAFT Date ‘{//{/87
Checkedby 7K £ & pate §/>8/87

CovebwFRATIv~n FoINT

SToREY

RUNoFF [cfs7

3004

2001

/ 00 4

PEART Rd

Yoo 4 __ __ __ N CoMPosITE PEA‘(

l 392 fs @ 109 N

‘ ScALE  VERT )" /ODc‘(S
IL/ORIZ /": lf‘DMlN

\ L

Yo Bo

120 /60 200 Yo

71ME [MN]



__ CRODUCT 208} Neorgs ine

— | ew W W TR TR TR TR TR TR TR TR TR T SR R

CARTER ASSOCIATES

o B331Y

E=——=  210N. PARK STREET SHEET NO. /17 o 2!
E= v s e
CHECKED BY DATE
(U [}
scae VERT | ¥ 2o0 C“J J‘ : fo MM

1200
{000
h
<
(¢
goo
W
W
Q
2
¥
boo
oo
200

CodCEnTRYTIonN PocnNT

S7oREY /’»

FPEART

Rd - PDowNSTREAM oF

4 KEcommenmd ED  STRuTURE
o CoMpPosITE PEAK
\ s
T 700 cfs @ 90 MN
Sv?f’&tﬁJS 84S e‘s
ED-2a
£R-6
2
EA-S EA-3
gEA-Y
Y v A A4 Y \ 2
4o /2° /8o 2Yo Joo 3bo

Trme [Min]

mtan Wass 01471




CARTER ASSOCIATES, INC.

(602) 955-0900

83314
Project Name CAJMA 6. DRanvALE ST,

Project No.

Sheet No. /5 of z!

Calculated by JoHN X RAFT pate 242'3 /E 7

5080 NorTH 40th StreeT, Suite 300, PHOENIX, AZ 85018

1200 4

|oe0 4

Boo

600 4

Rusgors [cfs/

200 4

Checkedby 7% & Date &L@"
ComPos)TE +HYDRoGRAPH
FoR
PEART Rp ' NORTH BRANCH

comPos1TE FPEAK
JI70 ¢fs @ 150 =i~

VERT : /"-_ 200 t‘(i
HoR1. /"

CCALE

J0O MIN

/00




=—= CARTER ASSOCIATES son —B3314
- | B=== 210N.PARK STREET SHEET NO. /? or 2!
=—.E FLAG62-;AF7F7'9AZ 86001 CALCULATED 8Y TEL DATE q/,b’l/E?
-—— ( ) -4505 CHEGKED BY é?{/f oare *F ii St
N SCALE@KLJ“_:QD_(:{L‘HQ&@__L_:‘,_oﬂLN
- , ConNCENTRATION PoaiNT
- o | EAsT HALF oF VIP Rivd AREA
- oo |
() €———— CoMPTE peEAK
— N
/ \\ L70 C-CS @ 60 MmN
_ . Yoo | -/ @\ , Su?erc.eeés 4z3 g(s
P \
_ ~
)
A’ @ \\\
B & 300 @\
]
3
_ Q< /
Zoo |
_ V-1b
B oo . \
- V‘ | - A
Yo Bo lZo l6o Z_;o 2:;'0
T 1 ME LM IN]

-~ PRODUCT 2341 Netors lac Siton Mass 01471



E331Y

=——= CARTER ASSOCIATES 08 ————— g
B2 210N. PARK STREET SHEET O, zo oF

¢ 7 mmmw— F| AGSTAFF, AZ 86001 erconreonr. I F K oare 52 {!2 {87_
— S 602) 779-4505 ,
(602) CHECKED BY %{& DATE é,/"‘ gSES
e VERT 1" goo ¢ds_ MHoyz 1": Yo mms

ConNeeNTRAT tond  PoINT |
ViP Blvd | R R T RAKS
| | r)/ Ty = ComPosiTE Penk
300 o / . 220 £y (@ BorpN
' \ gu[ﬂffcfle ]"/Ov c\[l
1"/‘ \
~ /
& _
N
w 200 4
i - \
B V-2b% P
2 x §
R ) \\
O \
\
/oo 4
- V-2a
Yo 8o 120 160 2vv z_:/o
7 3m€E [Mi-]

PRODUCT 2041 - A\ 45. tnc Groton Mass. Q1471



—

e 83314

=——= CARTER ASSOCIATES 21 T
R 210 N. PARK STREET sweeTnO —— £ ——— OF S
" " (E——=- FLAGSTAFF’ AZ 86001 CALCULATED BY_lEK_,_—— DATEi}_lS_,.QL_
— (602) 779-4505 ocenay 08B are 4722 /E
cone VERT 1" Zoocks HoR1Z 17 4o Ml
. CoNCcENTRAT/ION  FPo/NT
NoRTH - WEST of V.).P. Bivd. AREA
{200 4
looo 4
() CoMPoSITE PERK

N / \ , 970 cfs (@ 7o Miv
\: . . - ) . . ‘/"J A N . .
\ ]
W
Q
§ 600
&

Hov <

200 4

7/Me [Min]

PRODUCT 2081 Ne7krss, Ine Groton Mass Q1471



