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1.0 INTRODUCTION

This is the Final Drainage Report to accompany the 100% plan submittal for the proposed Skyline
Regional Park Phase I improvements. These improvements were identified in the Skyline Regional
Park Master Plan, and further defined according to Task Order #1 of On-Call Engineering
Services Contract 2011-120. The improvements also include the new Skyline Park Access Road
(extension of Watson Road).

The drainage improvements outlined in this report comply with the drainage criteria from the City
of Buckeye Storm Water Drainage System Design Manual #500, August 2007 and the Street
Planning and Design Criteria Manual Section 6-3, December 2012.

1.1 Site Location

The park is located west of Verrado, east of the future Tartesso Development, and south of the
Maricopa County Parks and Recreation Department’s White Tanks Mountain Regional Park.
Phase | park improvements are concentrated within 27 acres in the NW % of Section 34 and the
SW % of Section 27, T2N R3W as well as the NE ¥4 of Section 3 and the NW ¥4 of Section 4,
TIN R3W. Access road improvements are located within Sections 3, 4 and 34, along the
extension of Watson Road, from McDowell Road north to the park boundary. A location map is
included as Figure 1.

1.2 Project Description

The project consists of paving of a 2-lane, uncurbed access road across a new alignment; a 2-lane,
uncurbed park road; and paved appurtenances such as parking spaces and a widened section for a
future gatehouse. Designated camping and other recreation areas will be graded within the park
site. No inhabited buildings or finished floor elevations are established within this project. The
general slope of the land ranges from 3% to 5%.

February 2015 1 Skyline Park
Buckeye, AZ
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2.0 EXISTING DRAINAGE CONDITIONS AND CHARACTERISTICS

2.1 Existing Drainage Conditions

In existing conditions, runoff is conveyed through the project site in small, distributary washes as
sheet flow. In the southern portion of the site along the proposed Watson Road alignment, runoff
flows southeast in the Skyline Wash alluvial floodplain. More information on the floodplain is
provided in Section 2.2. North of the proposed Watson Road alignment, the runoff will sheet
flow south and west from the mountains. Runoff from the mountains east of the project site is
conveyed south in a natural wash.

2.2 FEMA FIRM Designation

The Federal Emergency Management Agency (FEMA) effective FIRM panel for this area is map
number 04013C2110L, dated October 16, 2013. A FIRMette copy of the map panel showing the
disturbed area of Phase | improvements and access road is attached as Figure 2. The significant
drainage feature crossing the access road is Skyline Wash. At this location, Skyline Wash is
designated as Zone A, (active alluvial fan flooding). It is further denoted as an administrative
floodway (subject to local regulations).

Zone “A” is defined by FEMA as:

Areas subject to inundation by the 1-percent-annual-chance flood event generally
determined using approximate methodologies. Because detailed hydraulic analyses have
not been performed, no Base Flood Elevations (BFEs) or flood depths are shown.

The limit of the detailed study for Skyline Wash is located at the apex of the Skyline Wash alluvial
fan, approximately 700 feet upstream of the road crossing. The 100-year flow at that location is
4346 cfs. The depth of flow at the floodplain study limits for the 100-year flood is approximately
2.7 feet and the flow velocity is approximately 9.7 fps. See Appendix A for documentation.

February 2015 3 Skyline Park
Buckeye, AZ
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3.0 PROPOSED DRAINAGE PLAN

3.1 Proposed On-Site Drainage Plan

Watson Road and the Skyline Park interior roads will not have curb or gutter, allowing runoff to
sheet flow off the roads. The proposed Watson Road cross section will be graded to slope to the
east (one-way cross slope) in the location of the Skyline Wash floodplain to maintain existing
drainage patterns. There are no proposed or existing retention or detention basins or drywells
located within the project limits.

3.1.1 404 Permit/Jurisdictional Waters

The original Section 404 Nationwide Permit for the project has expired, therefore a new
Nationwide Permit Application, preliminary jurisdictional delineation, and pre-construction
notification will be prepared. A Preliminary Jurisdictional Delineation was prepared by Kimley-
Horn and there are 1.94 acres of potentially jurisdictional waters of the U.S. (WOUS) in the
project area. Based on impact calculations, it appears that impacts to WOUS will only be from
road improvements and each crossing (viewed as a single project) will be less than 0.10 acres.
Therefore, the project will qualify for a non-notify Nationwide Permit (NWP) No. 14 Linear
Transportation Projects. The total impact to WOUS will be 0.31 acres. Compliance
documentation will be prepared to document compliance with the conditions of NWP 14,

3.1.2 Floodplain Use Permit

Because Watson Road crosses over an administrative floodplain, a floodplain use permit was
applied for and granted by the Flood Control District of Maricopa County on May 2, 2014. The
floodplain use permit may be declared null and void if “substantial progress of development” does
not occur within one year of approval. See Appendix B for a copy of the floodplain use permit.

3.2 Proposed Off-Site Drainage Plan

Off-site runoff is conveyed across the proposed roadways either with low flow crossings or
culvert crossings. These conditions are described below. A summary of the proposed culverts is
provided in Table 3.1 and an Onsite Drainage Map is provided as Figure 3.

3.21 Low Flow Crossing

The Skyline Wash alluvial fan is defined as a long area of shallow or distributary flow. The
construction of culverts to pass the flow is impractical, so 100-year flows will be allowed to pass
over the roadway. The low water crossing will have AC pavement erosion protection.

The Skyline Wash alluvial fan crosses the access road at a skew angle of approximately 32
degrees. The elevation of the road over the fan surface will vary, being higher on the north end
and lower on the south end. Maximum depth of flow for the 100-year flood is limited to 6 inches
over the roadway. Maximum velocity of the flow over the roadway is estimated to be between 5

February 2015 5 Skyline Park
Buckeye, AZ
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and 6 fps, which is in the low danger zone according to Maricopa County Drainage Standard
6.2.2, Figure 6.1. An asphalt cut-off wall is provided for scour protection.

Due to the length of the access road crossing of the Skyline Wash alluvial fan, 24-inch RGRCP
culverts are provided in several locations to pass nuisance flow. This will allow for a smoother
roadway profile.

3.2.2  Culvert Crossings

Within the park, runoff from the mountain is captured in an adjacent wash that crosses the
proposed Stargazing Trail and the Skyline Park Interior Road. This wash will be conveyed under
the trail through a 6-foot x 6-foot concrete box culvert and under the road through a 10-foot x 9-
foot concrete box culvert. The wash is very deeply incised, and the box culvert crossing the park
road has been oversized to facilitate future trail use. The wash is a potential WOUS and must
comply with NWP 14. See Section 3.1.1 for more details on WOUS.

Table 3.1 — Summary of Proposed Culverts

Culvert | Culvert | Culvert Quo
ID Size Type Roadway Station (cfs)
1 18” RGRCP Watson 93+46 NF
2 24” RGRCP Watson 100+70 NF
3 24” RGRCP Watson 115+84 NF
4 24” RGRCP Watson 116+20 NF
5} 2-24” RGRCP Watson 118+00 NF
6 2-24” RGRCP Watson 121+26 NF
7 24” RGRCP Watson 131+71 NF
8 24” RGRCP Watson 132+18 NF
9 24” RGRCP Watson 132+83 NF
10 24” RGRCP Watson 133+50 NF
11 10°x9’ RCBC Skyline Park 20+96 66
12 2-24” RGRCP | Skyline Park 23+34 4
13 6’%x6’ RCBC | Stargazing Trail 10+82 64
14 24” RGRCP | Skyline Park 43+64 7

Note:

NF represents nuisance flows. Qio was not determined for culverts in the
Skyline Wash alluvial fan area.

February 2015 6 Skyline Park
Buckeye, AZ
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Figure 3: On-Site Drainage Map
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4.0 DATAANALYSIS METHODS

4.1 Procedures, Parameter selection, and Assumptions
Drainage design standards for the project are governed by;

= City of Buckeye Engineering Design Standards

= Maricopa County Drainage Policies and Standards, 2007

= Drainage Design Manual for Maricopa County, Arizona, Hydrology 2013
= Drainage Design Manual for Maricopa County, Arizona, Hydraulics 2013

A detailed analysis was not conducted for Culverts 1 through 10. Culverts 2 through 10 are used
to convey nuisance flow across Watson Road and were not sized for a specific storm event.
Culvert 1 crosses a driveway adjacent to Watson Road. All Watson Road crossings are 24-inch
RGRCP culverts and the driveway crossing is an 18-inch RGRCP culvert.

Existing 10-year runoff contributing to culverts 11 through 14 were calculated using the Rational
Method. Drainage areas and time of concentration flow paths were delineated using one-foot
project topography, supplemented with topography from the US Geologic Society Quadrangle
Maps. The land was classified as Passive Open Space (includes mountain preserves and washes),
which uses an associated runoff coefficient of 0.55 for a 10-year storm event. The Flood Control
District of Maricopa County’s DDMSW software was used to perform the rational calculations.
Rational method calculations are provided in Appendix C.

To analyze the flow depths across the skewed roadway section, three different flow sections were
analyzed using FlowMaster normal depth calculations. Each flow section was drawn
perpendicular to the flow with the full 100-year discharge. The roadway is at an elevation in each
cross section that shows the depth of flow over the road is approximately 6 inches or less. See
Appendix D for FlowMaster cross sections with the roadway location indicated on each cross
section. Note that there was not enough project topography to extend Cross Section C across the
entire floodplain so the depth of flow is conservative.

Culverts 11 to 14 were analyzed for the existing 10-year runoff using HY-8. Culvert 13 was sized
with a minimum height of 6 ft for ease of maintenance. Culvert 11 has been oversized to facilitate
future trail use. See Appendix E for HY-8 results.

Since a detailed analysis was not conducted for culverts 1 through 10, riprap protection was
selected with a Dsy of 12-in based upon engineering judgment. Grouted riprap protection for
culverts 11 through 14 were sized for the 10-year storm event using FCDMC standards, including
protection to the 10-year scour depth. The depth of the asphalt cut-off wall for the low flow
crossing was compared to 100-year scour depths based on FCDMC scour calculations for general
and bedform scour conditions. The draft geotechnical report was used to obtain information on
Dso in the vicinity of the low flow crossing. See Appendix F for scour and riprap sizing
calculations. See Appendix G for 100% design plans.

February 2015 8 Skyline Park
Buckeye, AZ



Skyline Park — Phase |
Final Drainage Report

5.0 EMERGENCY ACCESS

The park access road, which is an extension of Watson Road, crosses the Skyline Wash FEMA
floodplain with low-flow crossings, allowing the 100-year storm event to flow over the roadway
(see Section 4.1 for details on the low flow crossing calculations). The following measures should
be taken to prevent motorists from crossing the roadway during flooding events.

Appropriate signage should be posted to warn drivers of the danger of crossing the road when
flooding is occurring, stating “Do Not Cross When Flooded”. Additionally, permanently mounted
signs with “Flooded — Turn Around, Do Not Drown” should also be posted with hinges and
latches. When flooding occurs staff can unlatch the sign to display the warning. When the flooding
is over or mitigated, the signs will be latched in the closed position.

Additionally, park regulations should also warn campers to have sufficient water in case flooding
causes an extended stay in the park. For example, the park camping brochure can state,
“Campers, please ensure that your water tanks are completely full when utilizing the campground,
so in the unlikely event of a rain storm that closes the roadways due to flooding, you will have
enough fresh water to extend your stay.”

February 2015 9 Skyline Park
Buckeye, AZ
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6.0 SUMMARYAND CONCLUSIONS

Based on the analysis presented in this drainage report, the following summary is presented:

Watson Road and the Skyline Park interior roads will not have curb or gutter, allowing runoff
to sheet flow off the roads. The proposed Watson Road cross section will be graded to slope
to the east (one-way cross slope) in the location of the Skyline Wash floodplain to maintain
existing drainage patterns.

A preliminary jurisdictional delineation has been prepared. The project will qualify for a non-
notify Nationwide Permit (NWP) No. 14 Linear Transportation Projects.

Watson Road crosses the Skyline Wash floodplain, which has been designated by FEMA as
Zone A. A floodplain use permit was granted by the Flood Control District of Maricopa
County on May 2, 2014 for the Skyline Wash low flow crossing.

The maximum depth of flow across Watson Road at the low flow crossing during the 100-
year event is 6 inches. Culverts are provided across Watson Road to help convey nuisance
flows under the road.

Four culvert crossings within the park were sized to convey the 10-year storm event under
interior roads. The 10-year flows were calculated using the Rational Method.

Riprap protection was provided at each culvert. Riprap at culverts crossing Watson Road was
selected based on engineering judgment and riprap at culverts within the park was sized for
the 10-year storm event.

All drainage design calculations conform to the City of Buckeye and Maricopa standards.

A flood warning plan is outlined for the low flow crossing of Watson Road, including warning
signs and other steps to notify campers of the potential flood dangers.

February 2015 10 Skyline Park
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MARICOPA COUNTY,

AND INCORPORATED AREAS o

COMMUNITY NAME COMMUNITY NUMBER

AVONDALE, CITY OF 040038

BUCKEYE, TOWN OF 040039

CAREFREE, TOWN OF 040126

CAVE CREEK, TOWN OF 040129

CHANDLER, CITY OF 040040

EL MIRAGE, CITY OF 040041 f

FOUNTAIN HILLS, TOWN OF 040135

GILA BEND, TOWN OF 040043

GILBERT, TOWN OF 040044

GLENDALE, CITY OF 040045

GOODYEAR, CITY OF 040046

GUADALUPE, TOWN OF 040111

LITCHFIELD PARK, CITY OF 040128 JA— .

MARICOPA COUNTY MarICOpa County
(UNINCORPORATED AREAS) 040037

MESA, CITY OF 040048

PARADISE VALLEY, TOWN OF 040049

PEORIA, CITY OF 040050

PHOENIX, CITY OF 040051

QUEEN CREEK, TOWN OF 040132

SCOTTSDALE, CITY OF 045012

SURPRISE, CITY OF 040053

TEMPE, CITY OF 040054

TOLLESON, CITY OF 040055

WICKENBURG, TOWN OF 040056

YOUNGTOWN, TOWN OF 040057

REVISED: OCTOBER 16, 2013

Federal Emergency Management Agency

FLOOD INSURANCE STUDY NUMBER
04013CVv001B
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cross section identifier as well as the peak 100-year, 6-hour or 100-year, 24-hour
discharge as applicable.

Reaches for the riverine portion of Skyline Wash are broken out based on changes
in discharge and new river names are given to junctions of washes with Skvline

Wash. The detailed delineation portion of Skyline Wash begins at the apex of the
Skyline Wash at river mile 1.80 above the fan confluence with the ponding area
behind Buckeye F.R.S. #3.

Tributary washes to Skyline Wash are as follows:

Wagon Wash,

Pyrite Wash,
Granite Falls Wash,
and Mountain Wash.

Prospect Wash is a separate delineation that ends in the ponding area of Buckeye
F.R.S. #3 and the Rattler Wash delineation ends at the confluence with the alluvial
fan portion of Skyline Wash. Refer to the overall site map on the following page
for the location of these washes and to the half size work maps for detailed
information.
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Skyline Park — Phase |
Final Drainage Report

APPENDIX B — FLOODPLAIN USE PERMIT

February 2015 Skyline Park
Buckeye, AZ
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APPENDIX C — RATIONAL METHOD CALCULATIONS

February 2015 Skyline Park
Buckeye, AZ
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Flood Control District of Maricopa County
Drainage Design Management System

LAND USE
Project Reference: SKYLINE PARK
Page 1 2/3/2014
Sub Land Use Code Area Area Kb Runoff Coefficient C
Basin (acres) (%)
2 Year 5 Year 10 Year 25Year 50 Year 100 Year
Major Basin ID: 01
C-11 730 3543 100.0 0.111 0.55 0.55 0.55 0.61 0.66 0.69
35.430 100.0
C-12 730 1.54 100.0 0.145 0.55 0.55 0.55 0.61 0.66 0.69
1.540 100.0
C-13 730 32.08 100.0 0.112 0.55 0.55 0.55 0.61 0.66 0.69
32.080 100.0
C-14 730 3.51 100.0 0.136 0.55 0.55 0.55 0.61 0.66 0.69
3.510 100.0

* Non default value

(stLuDatRat.rpt)
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Flood Control District of Maricopa County
Drainage Design Management System

RAINFALL DATA

Project Reference: SKYLINE PARK

Page 1 1/16/2014

ID Method Duration 2 Year 5 Year 10 Year 25 Year 50 Year 100 Year

DEFAULT NOAA14 5 MIN 0.268 0.364 0.437 0.535 0.610 0.686
NOAA14 10 MIN 0.408 0.555 0.666 0.815 0.928 1.044
NOAA14 15 MIN 0.506 0.688 0.825 1.010 1.150 1.294
NOAA14 30 MIN 0.681 0.926 1.111 1.360 1.549 1.742
NOAA14 1 HOUR 0.843 1.146 1.375 1.683 1.917 2.156
NOAA14 2 HOUR 0.955 1.281 1.529 1.867 2.124 2.393
NOAA14 3 HOUR 1.006 1.327 1.582 1.935 2.217 2.515
NOAA14 6 HOUR 1.172 1.509 1.776 2.145 2.435 2.737
NOAA14 12 HOUR 1.321 1.680 1.965 2.350 2.644 2.950
NOAA14 24 HOUR 1.612 2.099 2.483 3.017 3.439 3.884

(stRanMulti.rpt)



Flood Control District of Maricopa County
Drainage Design Management System

LAND USE
Project Reference: SKYLINE PARK
Page 1 7/9/2014
Sub Land Use Code Area Area Kb Runoff Coefficient C
Basin (acres) (%)
2 Year 5 Year 10 Year 25 Year 50 Year 100 Year
Major Basin ID: 01
C-11 730 35.43 100.0 0.111 0.55 0.55 0.55 0.61 0.66 0.69
35.430 100.0
C-12 730 1.54 100.0 0.145 0.55 0.55 0.55 0.61 0.66 0.69
1.540 100.0
C-13 730 32.08 100.0 0.112 0.55 0.55 0.55 0.61 0.66 0.69
32.080 100.0
C-14 730 3.51 100.0 0.136 0.55 0.55 0.55 0.61 0.66 0.69
3.510 100.0

* Non default value

(stLuDatRat.rpt)



Flood Control District of Maricopa County
Drainage Design Management System
Agency: FCDMC - LAND USE DEFAULTS

Page 1 Project Reference: SKYLINE PARK 7/9/2014
Code Description Rational Method C Resistance
Coefficient
Kb
2Yr 5Yr 10Yr 25Yr 50Yr 100 Yr
Agriculture
750 Agriculture 0.20 0.20 0.20 0.22 0.24 0.25 LOW
Commercial
200 General Commercial (Commercial where no detail available) 0.85 085 085 094 095 0.9 MIN
220 Neighborhood Commercial (50,000 to 100,000 sq. ft.) 0.85 0.85 085 094 095 0.9 MIN
230 Community Commercial (100,000 to 500,000 sq. ft.) 0.85 085 085 094 095 0.9 MIN
240 Regional Commercial (500,000 to 1,000,000 sq. ft.) 0.85 0.85 085 094 095 0.9 MIN
250 Super-Regional Commercial (>= 1,000,000 sq. ft.) 0.85 0.85 0.85 094 095 0.95 MIN
210 Specialty Commercial (<=50,000 sq. ft.) 0.85 0.85 085 094 095 0.9 MIN
Industrial
300 General Industrial (Industrial where no detail available) 0.80 080 080 088 095 0.9 MIN
310 W arehouse/Distribution Centers 0.85 0.85 0.85 094 095 0.9 MIN
320 Industrial 0.80 0.80 0.80 0.88 0.95 0.95 MIN
Institutional
520 Educational (Schools and universities) 0.75 075 075 083 090 094 MIN
530 Institutional (Includes hospitals and churches) 0.85 0.85 0.85 094 095 0.95 MIN
550 Public Facilities (comm centers, libraries, sub-stations) 0.85 085 085 094 095 0.9 MIN
Office
400 Office General (Office where no detail available) 0.85 0.85 085 094 095 0.95 MIN
420 Office Mid Rise (5-12 stories) 0.85 0.85 0.85 094 0.95 0.95 MIN
430 Office High Rise (13 stories or more) 0.85 085 085 094 095 0.9 MIN
810 Business Park (enclosed industrial, office or retail) 0.85 085 085 094 095 0.9 MIN
410 Office Low Rise (1-4 stories) 0.85 085 085 094 095 0.9 MIN
Open Space
540 Cemeteries 0.25 0.25 0.25 0.28 0.30 0.31 LOW
700 General Open Space (Open space where no detail available) 0.40 040 040 044 048 0.50 LOW
710 Active Open Space (Includes parks) 0.25 0.25 025 0.28 0.30 __0.31 MIN
730 Passive Open Space (Includes mountain preserves and washes) 0.55 0.55 055 061 066 0.69 HI
740 Water 1.00 1.00 1.00 1.00 1.00 1.00 MIN
900 Vacant (Existing land use database only) 0.40 040 040 044 048 0.50 LOW
720 Golf courses 0.25 0.25 0.25 0.28 0.30 0.31 MIN
Other
560 Special Events (stadiums, sports complexes and fairgrounds) 0.85 085 085 094 095 0.9 MIN
Other Employment
570 Other Employment - low (Proving grounds and land fills) 0.85 085 085 094 095 0.9 MIN
580 Other Employment - medium 0.85 0.85 085 094 095 0.9 MIN
590 Other Employment - high 0.85 0.85 085 094 095 0.9 MIN
Residential
120 Estate Residential (1/5 du per acre to 1 du per acre) 0.42 042 042 046 050 0.53 MIN
140 Medium Lot Residential - Single Family (2-4 du per acre) 0.48 0.48 048 053 058 0.60 MIN
150 Small Lot Residential - Single Family (4-6 du per acre) 0.65 0.65 0.65 072 078 0.82 MIN
170 Medium Density Residential - Muli Family (5-10 du per acre) 0.75 0.75 0.75 083 090 0.94 MIN
180 High Density Residential - Multi Family (10-15 du per acre) 0.75 0.75 0.75 083 090 0.94 MIN
190 Very High Density Residential - Multi Family (>15 du per ac) 0.75 0.75 0.75 083 090 0.94 MIN
110 Rural Residential (<= 1/5 du per acre) 0.42 0.42 042 046 050 053 MIN
130 Large Lot Residential - Single Family (1-2 du per acre) 0.48 0.48 048 053 058 0.60 MIN
160 Very Small Lot Residential - Single Family (>6 du per acre) 0.75 0.75 0.75 083 090 0.94 MIN
Tourist
510 Tourist and Visitor Accommodations (Hotels, motels, resorts) 0.85 0.85 0.85 094 095 0.95 MIN

(stLuDeftRat.rpt)



Flood Control District of Maricopa County
Drainage Design Management System
Agency: FCDMC - LAND USE DEFAULTS

Page 2 Project Reference: SKYLINE PARK 7/9/2014
Code Description Rational Method C Resistance
Coefficient
Kb
2Yr 5Yr 10Yr 25Yr 50Yr 100 Yr
Transportation
600 General Transportation (where no detail available) 0.85 0.85 085 094 095 0.9 MIN
610 Transportation (railways, transit centers, freeways) 0.85 0.85 085 094 095 0.95 MIN
620 Airports (Includes public use airports) 0.80 0.80 0.80 088 095 0.9 MIN
630 General Transportation 0.85 0.85 0.85 094 0.95 0.95 MIN

(stLuDeftRat.rpt)



Skyline Park — Phase |
Final Drainage Report

APPENDIX D — Low FLOW CROSSING CALCULATIONS
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Cross Section for Section A

Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Channel Slope 0.01250  ft/ft
Normal Depth 344 ft
Discharge 4346.00 ft3/s

Approx Rd Elev

Cross Section Image
z fNo Flow over road

1352.00

1351.50

1351.00

1350.50

135000

Elevation

134350 P P
Location of culvert
‘crossings

134900

1348 50

waco] |

Wi

0+00 0+50 1400 1450 2400 2+50 3400 3+50 4+00 4+50 5+00 5+50 6+00 6+50 7+00

Sfation

Bentley Systems, Inc. Haestad Methods SoBeéthegdtioeyMaster V8i (SELECTseries 1) [08.11.01.03]

7/9/2014 5:59:32 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666

Page

1 of

1



Cross Section for Section B

Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Channel Slope 0.01250  ft/ft
Normal Depth 3.39 ft
Discharge 4346.00 ft3/s

Approximate road
Cross Section Image location

Flow depth over
road is less than 6"

1349 50

1349.00

1348.50

1348.00

1347.50

Elevation

134700
1346.50
1346.00

jezz0| L ey

0+00 0+50 1+00 1+50 2+00 2+50 3+00 3+50 4+00 4+50 5+00 5+50 G6+00 G+50 7+00 7+50 §+00
Station

Bentley Systems, Inc. Haestad Methods SoBeéthegdtioeyMaster V8i (SELECTseries 1) [08.11.01.03]
7/9/2014 6:03:18 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1



Cross Section for Section C

Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Channel Slope 0.01250  ft/ft
Normal Depth 4.87 ft

. 4346.00 i i
Discharge fels Approximate location of road

Cross Section Image Road is higher then existing
ground
1.0 T /. Flow depth over road is less

P-
1345.50 than 6"
1345 00

1344 50
1344.00
1343.50
1343.00
1342.60
1342.00°
1341 50
1341.00
134050
1340.00: I : kD
133850] 1]

0+00 0+50 1400 1+50 2+00 2450 3+00 3+50 4+00 4+50 5+00 5+50 6&+00 6+50 7+00

Sfation

Elevation

Bentley Systems, Inc. Haestad Methods SoBeéthegdtioeyMaster V8i (SELECTseries 1) [08.11.01.03]
7/9/2014 6:04:12 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1
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APPENDIX E — CULVERT CALCULATIONS

February 2015 Skyline Park
Buckeye, AZ



HY-8 Culvert Analysis Report

Crossing Discharge Data
Discharge Selection Method: Specify Minimum, Design, and Maximum Flow
Minimum Flow: O cfs
Design Flow: 8 cfs

Maximum Flow: 16 cfs



Table 1 - Summary of Culvert Flows at Crossing: Culvert 14

Headwater Elevation | Total Discharge (cfs) | Culvert 14 Discharge | Roadway Discharge Iterations
(ft) (cfs) (cfs)
1488.96 0.00 0.00 0.00 1
1489.54 1.60 1.60 0.00 1
1489.79 3.20 3.20 0.00 1
1490.00 4.80 4.80 0.00 1
1490.20 6.40 6.40 0.00 1
1490.37 8.00 8.00 0.00 1
1490.53 9.60 9.60 0.00 1
1490.68 11.20 11.20 0.00 1
1490.83 12.80 12.80 0.00 1
1490.98 14.40 14.40 0.00 1
1491.14 16.00 16.00 0.00 1
1491.80 21.56 21.56 0.00 Overtopping




Rating Curve Plot for Crossing: Culvert 14

Total Rating Curve
Crossing: Culvert 14

1492 5

1492.0

1491.5

1491.0 5

1490.5 1

1490.0

Headwater Elevation (ft)

14895

0 ] 10 15 20
Total Discharge (cfs)



Table 2 - Culvert Summary Table: Culvert 14

Total Culvert Headwater |Inlet Control Outlet Flow Normal Critical Outlet Depth | Tailwater Outlet Tailwater
Discharge | Discharge [Elevation (ft)] Depth (ft) Control Type Depth (ft) Depth (ft) (ft) Depth (ft) Velocity Velocity
(cfs) (cfs) Depth (ft) (ft/s) (ft/s)
0.00 0.00 1488.96 0.000 0.000 0-NF 0.000 0.000 0.000 0.000 0.000 0.000
1.60 1.60 1489.54 0.577 0.0* 1-S2n 0.254 0.435 0.254 0.158 6.651 1.800
3.20 3.20 1489.79 0.832 0.0* 1-S2n 0.375 0.622 0.375 0.236 7.885 2.286
4.80 4.80 1490.00 1.042 0.0* 1-S2n 0.453 0.765 0.453 0.297 8.886 2.613
6.40 6.40 1490.20 1.240 0.0* 1-S2n 0.532 0.896 0.532 0.349 9.539 2.867
8.00 8.00 1490.37 1.413 0.0* 1-S2n 0.594 1.006 0.594 0.395 10.318 3.075
9.60 9.60 1490.53 1.571 0.0* 1-S2n 0.653 1.104 0.671 0.437 10.343 3.254
11.20 11.20 1490.68 1.720 0.0* 1-S2n 0.712 1.197 0.741 0.476 10.592 3.412
12.80 12.80 1490.83 1.868 0.0* 1-S2n 0.765 1.284 0.765 0.511 11.621 3.554
14.40 14.40 1490.98 2.019 0.0* 5-S2n 0.815 1.363 0.846 0.545 11.376 3.681
16.00 16.00 1491.14 2.179 0.0* 5-S2n 0.865 1.437 0.865 0.577 12.290 3.797




* Full Flow Headwater elevation is below inlet invert.



Straight Culvert
Inlet Elevation (invert): 1488.96 ft, Outlet Elevation (invert): 1485.74 ft

Culvert Length: 115.05 ft, Culvert Slope: 0.0280




Culvert Performance Curve Plot: Culvert 14

Headwater Elevation (ft)

Performance Curve
Cubvert: Culvert 14

Inlet Control Elev Qutlet Control Elev

1491.5

1491.0 1

1490.5 1

1490.0 1

0 2 10 15 20

Total Discharge (cfs)



Water Surface Profile Plot for Culvert: Culvert 14

Crossing - Culvert 14, Design Discharge - 8.0 cfs

Culvert - Culvert 14, Culvert Discharge - 8.0 cfs

1492

1491+

1490 +

1489

Elevation (ft)

1488 1

1487

1486

0 a0 100 150
Station (ft)

Site Data - Culvert 14
Site Data Option: Culvert Invert Data
Inlet Station: 0.00 ft
Inlet Elevation: 1488.96 ft
Outlet Station: 115.00 ft
Outlet Elevation: 1485.74 ft
Number of Barrels: 1

Culvert Data Summary - Culvert 14
Barrel Shape: Circular
Barrel Diameter: 2.00 ft
Barrel Material: Concrete
Embedment: 0.00 in
Barrel Manning's n: 0.0120
Culvert Type: Straight
Inlet Configuration: Grooved End Projecting
Inlet Depression: NONE



Table 3 - Downstream Channel Rating Curve (Crossing: Culvert 14)

Flow (cfs) Water Surface Depth (ft) Velocity (ft/s) Shear (psf) Froude Number
Elev (ft)
0.00 1485.74 0.00 0.00 0.00 0.00
1.60 1485.90 0.16 1.80 0.49 0.84
3.20 1485.98 0.24 2.29 0.73 0.89
4.80 1486.04 0.30 2.61 0.93 0.92
6.40 1486.09 0.35 2.87 1.09 0.94
8.00 1486.14 0.40 3.08 1.23 0.96
9.60 1486.18 0.44 3.25 1.36 0.97
11.20 1486.22 0.48 341 1.48 0.98
12.80 1486.25 0.51 3.55 1.60 0.99
14.40 1486.28 0.54 3.68 1.70 1.00
16.00 1486.32 0.58 3.80 1.80 1.01




Tailwater Channel Data - Culvert 14
Tailwater Channel Option: Trapezoidal Channel
Bottom Width: 5.00 ft
Side Slope (H:V): 4.00 (_:1)
Channel Slope: 0.0500
Channel Manning's n: 0.0500
Channel Invert Elevation: 1485.74 ft

Roadway Data for Crossing: Culvert 14
Roadway Profile Shape: Constant Roadway Elevation
Crest Length: 10.00 ft
Crest Elevation: 1491.80 ft
Roadway Surface: Paved
Roadway Top Width: 40.00 ft



Crossing Discharge Data
Discharge Selection Method: Specify Minimum, Design, and Maximum Flow
Minimum Flow: O cfs
Design Flow: 64 cfs
Maximum Flow: 139 cfs



Table 4 - Summary of Culvert Flows at Crossing: Culvert 13

Headwater Elevation | Total Discharge (cfs) | Culvert 13 Discharge | Roadway Discharge Iterations
(ft) (cfs) (cfs)
1424.90 0.00 0.00 0.00 1
1425.80 13.90 13.90 0.00 1
1426.33 27.80 27.80 0.00 1
1426.77 41.70 41.70 0.00 1
1427.17 55.60 55.60 0.00 1
1427.39 64.00 64.00 0.00 1
1427.88 83.40 83.40 0.00 1
1428.20 97.30 97.30 0.00 1
1428.51 111.20 111.20 0.00 1
1428.81 125.10 125.10 0.00 1
1429.09 139.00 139.00 0.00 1
1434.50 403.70 403.70 0.00 Overtopping




Rating Curve Plot for Crossing: Culvert 13

Total Rating Curve
Crossing: Culvert 13
1436

1434
1432
1430

1428 1

Headwater Elevation (ft)

1426 1

0 a0 100 150 200 250 300 390 400
Total Discharge (cfs)



Table 5 - Culvert Summary Table: Culvert 13

Total Culvert Headwater |Inlet Control Outlet Flow Normal Critical Outlet Depth | Tailwater Outlet Tailwater
Discharge | Discharge [Elevation (ft)] Depth (ft) Control Type Depth (ft) Depth (ft) (ft) Depth (ft) Velocity Velocity
(cfs) (cfs) Depth (ft) (ft/s) (ft/s)
0.00 0.00 1424.90 0.000 0.000 0-NF 0.000 0.000 0.000 0.000 0.000 0.000
13.90 13.90 1425.80 0.901 0.0* 1-S2n 0.144 0.550 0.256 0.387 9.049 3.334
27.80 27.80 1426.33 1.430 0.0* 1-S2n 0.288 0.874 0.432 0.583 10.713 4.274
41.70 41.70 1426.77 1.874 0.0* 1-S2n 0.432 1.145 0.593 0.738 11.720 4.921
55.60 55.60 1427.17 2.270 0.0* 1-S2n 0.562 1.387 0.747 0.873 12.402 5.424
64.00 64.00 1427.39 2.494 0.140 1-S2n 0.608 1.523 0.837 0.947 12.750 5.684
83.40 83.40 1427.88 2.975 0.488 1-S2n 0.715 1.817 1.035 1.102 13.433 6.200
97.30 97.30 1428.20 3.300 0.733 1-S2n 0.791 2.014 1.170 1.204 13.855 6.516
111.20 111.20 1428.51 3.610 0.975 1-S2n 0.867 2.201 1.303 1.298 14.228 6.799
125.10 125.10 1428.81 3.907 1.217 1-S2n 0.944 2.381 1.432 1.388 14.564 7.056
139.00 139.00 1429.09 4.193 1.459 1-S2n 1.020 2.554 1.558 1.473 14.869 7.291




* Full Flow Headwater elevation is below inlet invert.



Straight Culvert
Inlet Elevation (invert): 1424.90 ft, Outlet Elevation (invert): 1423.44 ft

Culvert Length: 31.03 ft, Culvert Slope: 0.0471




Culvert Performance Curve Plot: Culvert 13

Headwater Elevation (ft)

Performance Curve
Cubvert: Culvert 13

Inlet Control Elev QOutlet Control Elev

1434 1
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0 20 100 130 200 230 300 350 400

Total Discharge (cfs)



Water Surface Profile Plot for Culvert: Culvert 13

Elevation (ft)

1434

1432 1

1430+

1428

1426

1424

Crossing - Culvert 13, Design Discharge - 64.0 cfs

Culvert - Culvert 13, Culvert Discharge - 64.0 cfs

-10 0 10 20
Station (ft)

Site Data - Culvert 13

Site Data Option: Culvert Invert Data
Inlet Station: 0.00 ft

Inlet Elevation: 1424.90 ft

Outlet Station: 31.00 ft

Outlet Elevation: 1423.44 ft

Number of Barrels: 1

Culvert Data Summary - Culvert 13

Barrel Shape: Concrete Box

Barrel Span: 6.00 ft

Barrel Rise: 6.00 ft

Barrel Material: Concrete

Embedment: 0.00 in

Barrel Manning's n: 0.0120

Culvert Type: Straight

Inlet Configuration: Square Edge (90°) Headwall
Inlet Depression: NONE

30 40



Table 6 - Downstream Channel Rating Curve (Crossing: Culvert 13)

Flow (cfs) Water Surface Depth (ft) Velocity (ft/s) Shear (psf) Froude Number
Elev (ft)

0.00 1423.44 0.00 0.00 0.00 0.00
13.90 1423.83 0.39 3.33 1.21 0.98
27.80 1424.02 0.58 4.27 1.82 1.04
41.70 1424.18 0.74 4.92 2.30 1.07
55.60 1424.31 0.87 5.42 2.72 1.10
64.00 1424.39 0.95 5.68 2.95 1.11
83.40 1424.54 1.10 6.20 3.44 1.13
97.30 1424.64 1.20 6.52 3.76 1.14

111.20 1424.74 1.30 6.80 4.05 1.15
125.10 1424.83 1.39 7.06 4.33 1.16
139.00 142491 1.47 7.29 4.59 1.17




Tailwater Channel Data - Culvert 13
Tailwater Channel Option: Trapezoidal Channel
Bottom Width: 10.00 ft
Side Slope (H:V): 2.00 (_:1)
Channel Slope: 0.0500
Channel Manning's n: 0.0500
Channel Invert Elevation: 1423.44 ft

Roadway Data for Crossing: Culvert 13
Roadway Profile Shape: Constant Roadway Elevation
Crest Length: 45.00 ft
Crest Elevation: 1434.50 ft
Roadway Surface: Paved
Roadway Top Width: 10.00 ft



Crossing Discharge Data
Discharge Selection Method: Specify Minimum, Design, and Maximum Flow
Minimum Flow: O cfs
Design Flow: 4 cfs

Maximum Flow: 8 cfs



Table 7 - Summary of Culvert Flows at Crossing: Culvert 12

Headwater Elevation | Total Discharge (cfs) | Culvert 12 Discharge | Roadway Discharge Iterations
(ft) (cfs) (cfs)
1408.13 0.00 0.00 0.00 1
1408.45 0.80 0.80 0.00 1
1408.52 1.60 1.60 0.00 1
1408.62 2.40 2.40 0.00 1
1408.69 3.20 3.20 0.00 1
1408.76 4.00 4.00 0.00 1
1408.83 4.80 4.80 0.00 1
1408.89 5.60 5.60 0.00 1
1408.94 6.40 6.40 0.00 1
1408.99 7.20 7.20 0.00 1
1409.04 8.00 8.00 0.00 1
1409.20 10.49 10.49 0.00 Overtopping




Rating Curve Plot for Crossing: Culvert 12

Total Rating Curve
Crossing: Culvert 12
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Table 8 - Culvert Summary Table: Culvert 12

Total Culvert Headwater |Inlet Control Outlet Flow Normal Critical Outlet Depth | Tailwater Outlet Tailwater
Discharge | Discharge [Elevation (ft)] Depth (ft) Control Type Depth (ft) Depth (ft) (ft) Depth (ft) Velocity Velocity
(cfs) (cfs) Depth (ft) (ft/s) (ft/s)
0.00 0.00 1408.13 0.000 0.000 0-NF 0.000 0.000 0.000 0.000 0.000 0.000
0.80 0.80 1408.45 0.321 0.0* 1-S2n 0.072 0.213 0.072 0.087 4.452 1.482
1.60 1.60 1408.52 0.390 0.0* 1-S2n 0.143 0.302 0.143 0.132 5.896 1.929
2.40 2.40 1408.62 0.488 0.0* 1-S2n 0.192 0.374 0.192 0.168 8.469 2.250
3.20 3.20 1408.69 0.562 0.0* 1-S2n 0.214 0.435 0.214 0.200 11.626 2.502
4.00 4.00 1408.76 0.632 0.0* 1-S2n 0.236 0.485 0.253 0.228 8.338 2.717
4.80 4.80 1408.83 0.697 0.0* 1-S2n 0.259 0.534 0.259 0.254 9.723 2.902
5.60 5.60 1408.89 0.759 0.0* 1-S2n 0.281 0.580 0.281 0.278 10.104 3.068
6.40 6.40 1408.94 0.811 0.0* 1-S2n 0.303 0.622 0.314 0.301 9.931 3.219
7.20 7.20 1408.99 0.863 0.0* 1-S2n 0.325 0.659 0.325 0.323 10.661 3.357
8.00 8.00 1409.04 0.913 0.0* 1-S2n 0.347 0.697 0.347 0.343 10.871 3.484




* Full Flow Headwater elevation is below inlet invert.



Straight Culvert
Inlet Elevation (invert): 1408.13 ft, Outlet Elevation (invert): 1401.26 ft

Culvert Length: 117.20 ft, Culvert Slope: 0.0587




Culvert Performance Curve Plot: Culvert 12
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Water Surface Profile Plot for Culvert: Culvert 12

Crossing - Culvert 12, Design Discharge - 4.0 cfs

Culvert - Culvert 12, Culvert Discharge - 4 0 cfs
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Site Data - Culvert 12
Site Data Option: Culvert Invert Data
Inlet Station: 0.00 ft
Inlet Elevation: 1408.13 ft
Outlet Station: 117.00 ft
Outlet Elevation: 1401.26 ft
Number of Barrels: 2

Culvert Data Summary - Culvert 12
Barrel Shape: Circular
Barrel Diameter: 2.00 ft
Barrel Material: Concrete
Embedment: 0.00 in
Barrel Manning's n: 0.0120
Culvert Type: Straight
Inlet Configuration: Grooved End Projecting
Inlet Depression: NONE



Table 9 - Downstream Channel Rating Curve (Crossing: Culvert 12)

Flow (cfs) Water Surface Depth (ft) Velocity (ft/s) Shear (psf) Froude Number
Elev (ft)
0.00 1401.26 0.00 0.00 0.00 0.00
0.80 1401.35 0.09 1.48 0.37 0.90
1.60 1401.39 0.13 1.93 0.55 0.95
2.40 1401.43 0.17 2.25 0.70 0.99
3.20 1401.46 0.20 2.50 0.84 1.02
4.00 1401.49 0.23 2.72 0.95 1.04
4.80 1401.51 0.25 2.90 1.06 1.05
5.60 1401.54 0.28 3.07 1.16 1.07
6.40 1401.56 0.30 3.22 1.26 1.08
7.20 1401.58 0.32 3.36 1.35 1.09
8.00 1401.60 0.34 3.48 1.44 1.10




Tailwater Channel Data - Culvert 12
Tailwater Channel Option: Trapezoidal Channel
Bottom Width: 6.00 ft
Side Slope (H:V): 2.00 (_:1)
Channel Slope: 0.0670
Channel Manning's n: 0.0500
Channel Invert Elevation: 1401.26 ft

Roadway Data for Crossing: Culvert 12
Roadway Profile Shape: Constant Roadway Elevation
Crest Length: 30.00 ft
Crest Elevation: 1409.20 ft
Roadway Surface: Paved
Roadway Top Width: 40.00 ft



Crossing Discharge Data
Discharge Selection Method: Specify Minimum, Design, and Maximum Flow
Minimum Flow: O cfs
Design Flow: 66 cfs
Maximum Flow: 144 cfs



Table 10 - Summary of Culvert Flows at Crossing: Culvert 11

Headwater Elevation | Total Discharge (cfs) | Culvert 11 Discharge | Roadway Discharge Iterations
(ft) (cfs) (cfs)
1392.27 0.00 0.00 0.00 1
1392.93 14.40 14.40 0.00 1
1393.32 28.80 28.80 0.00 1
1393.65 43.20 43.20 0.00 1
1393.94 57.60 57.60 0.00 1
1394.10 66.00 66.00 0.00 1
1394.46 86.40 86.40 0.00 1
1394.69 100.80 100.80 0.00 1
1394.92 115.20 115.20 0.00 1
1395.14 129.60 129.60 0.00 1
1395.34 144.00 144.00 0.00 1
1405.60 1142.51 1142.51 0.00 Overtopping




Rating Curve Plot for Crossing: Culvert 11

Total Rating Curve
Crossing: Culvert 11
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Table 11 - Culvert Summary Table: Culvert 11

Total Culvert Headwater |Inlet Control Outlet Flow Normal Critical Outlet Depth | Tailwater Outlet Tailwater
Discharge | Discharge [Elevation (ft)] Depth (ft) Control Type Depth (ft) Depth (ft) (ft) Depth (ft) Velocity Velocity
(cfs) (cfs) Depth (ft) (ft/s) (ft/s)
0.00 0.00 1392.27 0.000 0.000 0-NF 0.000 0.000 0.000 0.000 0.000 0.000
14.40 14.40 1392.93 0.662 0.0* 1-S2n 0.076 0.401 0.181 0.395 7.942 3.377
28.80 28.80 1393.32 1.051 0.0* 1-S2n 0.151 0.636 0.292 0.595 9.851 4.329
43.20 43.20 1393.65 1.378 0.0* 1-S2n 0.227 0.834 0.384 0.754 11.236 4.980
57.60 57.60 1393.94 1.669 0.0* 1-S2n 0.302 1.010 0.468 0.891 12.299 5.488
66.00 66.00 1394.10 1.828 0.0* 1-S2n 0.346 1.106 0.518 0.964 12.745 5.742
86.40 86.40 1394.46 2.187 0.0* 1-S2n 0.453 1.323 0.630 1.125 13.712 6.271
100.80 100.80 1394.69 2.424 0.0* 1-S2n 0.529 1.467 0.709 1.228 14.207 6.590
115.20 115.20 1394.92 2.650 0.0* 1-S2n 0.604 1.603 0.787 1.325 14.643 6.875
129.60 129.60 1395.14 2.866 0.0* 1-S2n 0.680 1.734 0.862 1.416 15.042 7.134
144.00 144.00 1395.34 3.075 0.0* 1-S2n 0.755 1.860 0.935 1.502 15.399 7.372




* Full Flow Headwater elevation is below inlet invert.



Straight Culvert
Inlet Elevation (invert): 1392.27 ft, Outlet Elevation (invert): 1389.40 ft

Culvert Length: 76.05 ft, Culvert Slope: 0.0378




Culvert Performance Curve Plot: Culvert 11
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Water Surface Profile Plot for Culvert: Culvert 11

Crossing - Culvert 11, Design Discharge - 66.0 cfs

Culvert - Culvert 11, Culvert Discharge - 66.0 cfs
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Site Data - Culvert 11
Site Data Option: Culvert Invert Data
Inlet Station: 0.00 ft
Inlet Elevation: 1392.27 ft
Outlet Station: 76.00 ft
Outlet Elevation: 1389.40 ft
Number of Barrels: 1

Culvert Data Summary - Culvert 11
Barrel Shape: Concrete Box
Barrel Span: 10.00 ft
Barrel Rise: 9.00 ft
Barrel Material: Concrete
Embedment: 0.00 in
Barrel Manning's n: 0.0120
Culvert Type: Straight
Inlet Configuration: Square Edge (90°) Headwall
Inlet Depression: NONE



Table 12 - Downstream Channel Rating Curve (Crossing: Culvert 11)

Flow (cfs) Water Surface Depth (ft) Velocity (ft/s) Shear (psf) Froude Number
Elev (ft)

0.00 1389.40 0.00 0.00 0.00 0.00
14.40 1389.80 0.40 3.38 1.23 0.98
28.80 1389.99 0.59 4.33 1.86 1.04
43.20 1390.15 0.75 4.98 2.35 1.07
57.60 1390.29 0.89 5.49 2.78 1.10
66.00 1390.36 0.96 5.74 3.01 1.11
86.40 1390.52 1.12 6.27 3.51 1.13

100.80 1390.63 1.23 6.59 3.83 1.15
115.20 1390.72 1.32 6.88 4.13 1.16
129.60 1390.82 1.42 7.13 4.42 1.17
144.00 1390.90 1.50 7.37 4.69 1.18




Tailwater Channel Data - Culvert 11
Tailwater Channel Option: Trapezoidal Channel
Bottom Width: 10.00 ft
Side Slope (H:V): 2.00 (_:1)
Channel Slope: 0.0500
Channel Manning's n: 0.0500
Channel Invert Elevation: 1389.40 ft

Roadway Data for Crossing: Culvert 11
Roadway Profile Shape: Constant Roadway Elevation
Crest Length: 100.00 ft
Crest Elevation: 1405.60 ft
Roadway Surface: Paved
Roadway Top Width: 33.00 ft



Skyline Park — Phase |
Final Drainage Report

APPENDIX F — SCOUR AND RIPRAP CALCULATIONS

February 2015 Skyline Park
Buckeye, AZ
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Drainage Design Manual for Maricopa County Hydraulics: Open Channels

riprap failure resulting from toe scour, and failures of frequently overtopped drainways
and drainage ditches.

Materials - Riprap quality should conform to the property requirements described in Section
6.6.3. Figure 6.16 gives the required blanket thickness of grouted rock for a given design chan-
nel velocity. The median rock size dsg shall not exceed 0.67 times the blanket thickness and the
largest rock used should not exceed the blanket thickness. dsy and dqpg can be 0.67 and 1.0
times the blanket thickness, respectively. It is required that rocks smaller than the ds; size be
removed. The other gradation limits should conform to those described in Section 6.6.3.

The grout mix should be specified to provide the strength and durability required to meet the spe-
cific application. The minimum 28-day compressive strength shall be 2,000 psi and the slump
shall be within a range of 4 to 7 inches. The stone aggregate should conform to the gradation
requirements of Size Number 8 coarse aggregate (3/8 inch to No. 8) as specified in ASTM C-33.
A maximum of 30 percent of the cementitious material may be fly ash (ASTM C-618, Type C or
F). Fiber reinforcement is recommended to be added to the grout to provide additional control of

shrinkage and cracking.

FIGURE 6.16
REQUIRED BLANKET THICKNESS OF GROUTED ROCK
(USDOT, 1989)

g . 1.5'<T<2.2'
= 7 Dgo=12"
3 1
g &
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L] 0 15 20

VELOCITY IN VICINITY OF BANK
(ft/sec)
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Flood Control District of Maricopa County
Drainage Design Management System
RIVER MECHANICS - TOTAL SCOUR

Page 1 Project Reference: SKYLINE PARK 7/29/2014
Major Basin: 01
ID: CULV11
Type Calc (ft) ES Value (ft) Method
Long Term 1.30
General .60 1.30 .78 Lacey
Local 3.65 1.30 4.75 Culvert Outlet
Bedform 44 1.30 57 Comments
Low Flow 1.30
Total 6.10
ID: CULV12
Type Calc (ft) ES Value (ft) Method
Long Term 1.30
General .19 1.30 .25 Lacey
Local .93 1.30 1.21 Culvert Outlet
Bedform .10 1.30 13 Comments
Low Flow 1.30
Total 1.59
ID: CULV13
Type Calc (ft) ES Value (ft) Method
Long Term 1.30
General .60 1.30 .78 Lacey
Local 3.66 1.30 4.76 Culvert Outlet
Bedform 44 1.30 57 Comments
Low Flow 1.30
Total 6.11
ID: CULV14
Type Calc (ft) ES Value (ft) Method
Long Term 1.30
General .30 1.30 .39 Lacey
Local 1.54 1.30 2.00 Culvert Outlet
Bedform 13 1.30 17 Comments
Low Flow 1.30
Total 2.56
ID: LOWFLOW
Type Calc (ft) ES Value (ft) Method
Long Term 1.30
General 2.43 1.30 3.16 Lacey
Local 1.30
Bedform 44 1.30 57 Comments
Low Flow 1.30 Velocity values for Bedform scour calculations were taken from FlowMaster normal

depth calculations, assuming 6" maximum overtopping of the roadway.
Total 3.73

* Non default value (rmtosc.rpt)



Page 1

Flood Control District of Maricopa County
Drainage Design Management System
GENERAL SCOUR - LACEY
Project Reference: SKYLINE PARK

7/29/2014

Design D50 (mm)
FlowRate
(cfs)

Bend Scour Depth
Factor, Z Including Bend

(f)

Maior Basin ID: 01
ID: CULV11

66 0.078

ID: CULV12
2 0.078

ID: CULV13
64 0.078

ID: CULV14
8 0.078

ID: LOWFLOW

4,346 0.078

Cross Section ID: Manual

0.25 0.60
Cross Section ID: Manual
0.25 0.19
Cross Section ID: Manual
0.25 0.60
Cross Section ID: Manual
0.25 0.30
Cross Section ID: Manual
0.25 2.43

(rmGSLACEY .rpt)
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Flood Control District of Maricopa County
Drainage Design Management System
BEDFORM SCOUR

Page 1 Project Reference: SKYLINE PARK 7/29/2014
Main Channel Main Channel Main Channel Dune Dune Anti Dune Final
Hydraulic Depth Average Velocity Froude Height/Depth Scour Depth Scour Depth  Scour Depth
(ft) (ft/s) Number (ft) (ft) (ft)
Maior Basin ID: 01
ID: CULV11 Cross Section ID: Manual
0.30 5.70 1.83 0.20 - 0.44 0.44
ID: CULV12 Cross Section ID: Manual
0.20 2.70 1.06 0.20 - 0.10 0.10
ID: CULV13 Cross Section ID: Manual
0.60 5.70 1.30 0.20 - 0.44 0.44
ID: CULV14 Cross Section ID: Manual
0.60 3.10 0.71 0.20 0.06 0.13 0.13
ID: LOWFLOW Cross Section ID: Manual
0.50 5.70 1.42 0.20 - 0.44 0.44

(rmBedform.rpt)
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Geotechnical ® Environmental ® Materials Engineers

REPORT ON GEOTECHNICAL
INVESTIGATION

DESIGNATION: Skyline Regional Park - Phase [

LOCATION: Watson Road and McDowell Road
Buckeye, Arizona

CLIENT: Kimley-Horn and Associates, Inc.
PROJECT NO: 130624SA
DATE: July 25, 2014

3331 East Wood Street = Phoenix, AZ 85040 = Phone (602) 997-6391 = Fax (602) 943-5508
4025 East Huntington Drive, Suite 140 = Flagstaff, AZ 86004 » Phone (328) 526-6681 = Fax (928) 526-6685
3125 E. 47th Street » Tucson, AZ 85713 = Phone (520) 514-9411 » Fax [520) 514-8474
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