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I @ 
I INTRODUCTION 

The Red Mountain Freeway (SR 202L) is part of the Maricopa Association of 
Governments (MAG) Regional Freeway System and will connect Interstate 10 (1-10) to 
the Superstition Freeway (US 60) through the east valley. The freeway will serve the 
cities of Phoenix (COP), Tempe (COT) and Mesa (COM), the Salt River Pima-Maricopa 
Indian Community (SRPMIC) and unincorporated portions of Maricopa County. 

This report addresses drainage issues and drainage design associated with an 
approximate 4.5 mile segment of the Red Mountain Freeway (SR 202L) that extends 
from Power Road to approximately University Drive. The freeway alignment passes 
over the existing Spook Hill Flood Retarding Structure (FRS) at two locations and 
through the FRS flood pool. This project will require the partial reconstruction of the 
Spook Hill FRS to maintain regional flood protection. 

The drainage and flood control improvements presented in this report were designed to 
meet the drainage requirements of the Red Mountain Freeway without adversely 
impacting the operation of existing local drainage facilities and at a minimum maintain 
the current level of flood protection provided by the existing Spook Hill FRS. 

Separate reports are provided for the Spook Hill FRS Flood Inundation Study and the 
geotechnical design of the Spook Hill FRS modifications and freeway levee. 

1 .I PROJECT DESCRIPTION 

This 4.5 mile segment of the Red Mountain Freeway, extending from Power Road to 
University Drive, is located within the City of Mesa in Maricopa County, Arizona. A 
Vicinity Map and a Location Map are provided in Figure 1 and Figure 2, respectively. 

The SR 202L freeway mainline will include three general-purpose lanes in each 
direction of travel, separated by an open median. The open median is designed to 
accommodate a future HOV and general-purpose lane in each direction of travel 
between the north and south CAP Canal overpasses. Auxiliary lanes will be provided 
between successive entrance and exit ramps between each traffic interchange in both 
directions of travel. 

In accordance with the Red Mountain Freeway Final Environmental Impact Statement 
(FEIS), the freeway alignment will be located immediately upstream of the FRS and the 
Central Arizona Project (CAP) Canal. The SR 202L will pass over Power Road, the CAP 
Canal, and the FRS. Within the FRS flood pool (herein referred to as the flood pool), the 
freeway profile will be designed near the existing ground elevation between McDowell 
and Brown Roads. The freeway will be protected by a levee located immediately east of 
the freeway mainline. This levee will be designed to protect the freeway up to the 100- 
year flood event. South of Brown Road, the freeway will pass over the FRS and CAP 
Canal and transition to a depressed freeway at University Drive. 
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Figure I-I: Vicinity Map 
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e A half-diamond traffic interchange will be provided at Power Road with ramps to the 
west. The interchange crossroad and ramps are being constructed as part of the Higley 
Road to Power Road segment of the Red Mountain Freeway. 

A half-diamond traffic interchange will also be provided at McDowell Rd with ramps to 
the south. Roundabout interchanges will be constructed at McKellips and Brown Roads, 
providing full access to the freeway mainline. The arterial streets will pass over the CAP 
Canal, the FRS, the SR 202L mainline and the flood pool at each interchange. The 
crossroads will be widened through the project limits to achieve the desired traffic 
operational characteristics. 

A full diamond interchange will be constructed at University Drive, providing freeway 
access to the north. One-way northbound and southbound collector roads will be 
constructed south of University to provide access to Apache Trail and Broadway Road. 
This project will provide the north ramp connections to University Drive. 

At the north end of the project, freeway overpasses will be constructed to carry the SR 
202L over Power Road and the CAP Canal. Another CAP Canal overpass will be 
constructed north of University Drive. Two bridges will be constructed to carry each 
crossroad over the CAP Canal and the SR 202L mainline. Box culverts will be provided 
for each flood pool crossroad crossing. 

The freeway drainage system is designed such that the storm drain main line drains to a 
lengthy reinforced concrete box culvert for temporary storage. A pump station located 
northeast of McKellips Road and the flood pool will drainage from temporary storage 
into the flood pool. 

Within the limits of the FRS, all freeway elements and FRS modifications required to 
mitigate the impact of the freeway construction will be built within the FCDMC right-of- 
way. The freeway project is designed to ensure the FRS will continue to operate as a 
flood retarding structure with adequate conveyance capacity and flood storage volume. 

I .2 EXISTING FLOOD CONTROL AND DRAINAGE FACILITIES 

The development of the onsite and offsite drainage systems is governed by existing 
local and regional drainage facilities and the proposed freeway drainage requirements. 
The existing drainage facilities identified within the freeway corridor include the: 

Spook Hill FRS and FRS flood pool, 
Spook Hill Principal and Emergency Spillways, 
Spook Hill and Signal Butte Floodways, 
offsite drainage systems located east of the flood pool, 
crossroad culverts at McDowell, McKellips and Brown Roads, and 
offsite drainage channelslwashes located southwest of the Spook Hill FRS 
for the contributing drainage area to the CAP Canal Overchute No.1. 

Final Drainage Report - Addendum Page 4 of 74 



Final Drainaae Re~otf  - Red Mountain Freewav (SR 202L) Power Road to Universitv Drive 

a In addition, for the purposes of this report, the proposed drainage improvements 
associated with the Red Mountain Freeway that are located west of Power Road and to 
the south of University Drive are considered existing improvements. 

12.1 Spook Hill FRS and Spook Hill Floodway 

The Spook Hill FRS and Spook Hill Floodway (herein referred to as the floodway) are 
located in the north central part of the Buckhorn-Mesa watershed in Maricopa County, 
about ten miles northeast of downtown Mesa, Arizona. The Spook Hill FRS is a 
combined conveyance and impoundment structure. Flows discharged from the Signal 
Butte Floodway, in conjunction with stormwater runoff from the contributing watershed, 
are detained by the Spook Hill FRS. The FRS conveys floodwaters north to the 
principal and emergency spillways at Power Road. The design intent is to safely 
impound and discharge flood events equal to or less than the 100-year flood through 
the principal spillway to the floodway without discharging over the emergency spillway. 

The Spook Hill FRS and floodway are the most downstream components of the 
Buckhorn-Mesa Watershed project facilities which consist of three floodwater retarding 
structures, four floodway channels and one diversion structure that were all designed 
and constructed to detain and convey a 100-year flood event to the Salt River. The 
Spook Hill FRS and Floodway are also the only flood control facilities in the Buckhorn- 
Mesa watershed project that are directly impacted by the proposed freeway alignment. 

The Spook Hill FRS parallels the CAP Canal. It begins % mile north of McDowell Road, 
east of Power Road and extends to the southeast to approximately ?4 mile south of 
Brown Road. The Spook Hill FRS drains into the Spook Hill Floodway through the 
principal spillway. For approximately 1.5 miles north of the principal spillway, the 
floodway consists of an unlined trapezoidal channel. Water is then discharge into a 
more natural system until crossing under the Bush Highway where it is again 
channelized and flows into a sedimentation basin prior to discharging into the Salt River 
immediately upstream of the Granite Reef Diversion Dam 

While facilities upstream of the Spook Hill FRS and Floodway are not directly impacted 
by the proposed freeway, all these facilities impact the Spook Hill FRS and Floodway. 
These upstream facilities that are part of the Buckhorn-Mesa Watershed project include: 

Apache Junction FRS and Floodway 

These facilities include I .6 miles of earthen dam and a 1500-foot floodway that diverts 
floodwater from a wash above the dam into the reservoir area. The structure drains six 
square miles north of the Town of Apache Junction. 

Bulldog Floodway 

This 1.7 mile floodway conveys stormwater impounded by the Apache Junction Dam, 
and the contributing watershed, to the reservoir behind the Signal Butte Dam. 
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.(. 
Pass Mountain Diversion and Outlet 

These facilities consist of a 1.2 mile long earth embankment and a 2,800-foot long outlet 
channel that drains floodwaters from a four square mile area to the Signal Butte dam. 

Siqnal Butte FRS and Floodway 

These facilities consist of a 1.3 mile long earthen dam and a 2.7 mile long floodway that 
conveys floodwaters discharged from the Signal Butte Dam and the contributing 
watershed to the Spook Hill Dam. This structure drains 16 square miles north of the 
Apache Trail near the Maricopa - Pinal County boarder. 

I .2.2 Existing Flood Pool Inlet Structures 

There are a number of local drainage inflow points into the flood pool. Most inflow 
points are small natural washes or ditches. Some adjacent developments route offsite 
runoff directly to the flood pool through open channels. Other developments indirectly 
discharge runoff to the FRS through retention basin emergency spillways or retention 
basin outlets. The most significant existing inflow structures and locations include: 

Las Sendas Channel 

e This channel is a large soil cement trapezoidal drainage channel that primarily serves 
the Las Sendas residential development north of McDowell Rd and east of the Spook 
Hill FRS. The channel runs along the north side of McDowell Rd and discharges into the 
Spook Hill FRS. 

Grayfox at Las Sendas Development 

This development is located east side of the FCDMC right-of-way between McDowell 
Rd. and Hermosa Vista Drive. Significant offsite and onsite flows are directed from this 
development to the flood pool at two locations just north of Hermosa Vista Drive. 

Saauaro Vista Estates 

This development is located east of the FCDMC right-of-way between Hermosa Vista 
Dr. and McKellips Road. Offsite drainage has been routed around and through this 
development and discharges into the flood pool at two locations north of McKellips. 

86th Street channel 

The 86th Street channel is a lined trapezoidal drainage channel located south of the 
Brown Road. The channel extends south from Brown Road along the alignment of 86th 
St. and discharges into the Spook Hill FRS flood pool through a grouted spillway. The 
channel provides drainage for developments located north and east of Brown Road. 
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Grace Church Channel 

A shallow lined drainage ditch is located south of Brown Road and parallels the west 
side of the Grace Church property, which discharges to the flood pool. 

Signal Butte Floodway and Energy Dissipation Basin 

The Signal Butte Floodway is a large concrete rectangular floodway that discharges 
directly into the Spook Hill FRS south of Brown Road. A large grouted riprap lined 
energy dissipation basin that is approximately 11 feet deeper than the flood pool 
provides erosion and scour protection at the point of discharge. The existing basin does 
not provide ready access to the basin bottom for maintenance nor is there a means to 
drain water ponding in the basin after the passage of a storm event. 

1.2.3 Existing Freeway and Crossroad Drainage Systems 

There are no significant roadway drainage systems at McDowell, McKellips, or Brown 
Road and being new construction, no freeway elements currently exist. Presently, the 
cross roads have no curb or gutter in the vicinity of the flood pool. Roadway drainage 
collects into ditches along the side of the roads and drains into the flood pool. 

1.3 PROPOSED FLOOD CONTROL AND DRAINAGE FACILITIES 

New and upgraded flood control and drainage facilities to be constructed as part of the 
Red Mountain Freeway extension are briefly described in this section. Additional and 
more detailed information is provided in subsequent sections of this report. 

1.3.1 Freeway Drainage System 

The freeway storm drain system is designed in accordance with ADOT guidelines to 
convey the 50-year event for the ultimate freeway configuration which provides HOV 
lanes in the freeway median. Generally, the storm drain main line will drain to a large 
multi-barrel reinforced concrete box vault located north of McKellips Rd. for temporary 
storage. A pump station located at the northwest corner of McKellips and 76th St. will 
pump stormwater from the storage vault into the flood pool just north of McKellips Road. 

I .3.2 Cross Road Drainage System 

East of the FRS, cross road drainage will be collected in catch basins and a storm drain 
system will convey runoff to the freeway storm drain main line, adjacent drainage 
conveyances or discharge into the flood pool. 

West of the FRS, the proposed storm drain system on Brown Road will drain to an 

e existing City of Mesa storm drain located in Brown Road. No additional storm drain will 
be added to the west leg of McDowell Road or McKellips Road. Pavement runoff from 
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a these areas will be collected by existing local storm drain systems as directed by the 
City of Mesa. 

1.3.3 Spook Hill FRS and Freeway Levee 

The existing Spook Hill FRS, located primarily between the freeway and the CAP Canal, 
will remain intact when possible but reconstructed when necessary to maintain the 
integrity of the structure and to ensure the existing level of flood protection is, at a 
minimum, maintained. The FRS is designed not to be overtopped during the Probable 
Maximum Flood event and ensure excessive floodwater is released through the 
emergency spillway. The existing FRS emergency spillway located north of McDowell 
Road will not be modified. 

The freeway levee should not be confused with the FRS. The freeway levee is a 
separate new levee constructed between the freeway and the flood pool to protect the 
freeway from the 100-year flood event. For larger rainfall events, the freeway levee is 
expected to be overtopped inundating the freeway. The freeway prism will serve to 
provide additional temporary floodwater storage during such an extreme event. 

I .3.4 Spook Hill FRS Flood Pool Drainage Facilities 

Flood Pool Grading and Low Flow Channel 

The entire flood pool will be regraded and a new low flow channel constructed to convey 
drainage to the principal spillway outlet. 

Cross Road Culverts 

The existing large diameter CMP culverts across the cross roads will be replaced with 
RCB culverts. At each crossing there will be two RCB culverts. One culvert will be 
located in the low flow channel for drainage. The other culvert will be set at a slightly 
higher elevation and tied into a trail system to provide equestrian and pedestrian access 
across the roads. 

Principal Spillway and Spook Hill Floodwav Realignment 

The Spook Hill Floodway near the principal spillway will be realigned and a new 
principal spillway outlet for the flood pool with a higher outlet capacity will be 
constructed adjacent to the existing spillway. The existing principal spillway will be 
removed and the floodway will be backfilled to realign the channel to the new principal 
spillway outlet. 

Offsite Drainane Collection Ditch and Flood Pool Inlets 

Along the east side of the flood pool, a drainage ditch will collect offsite drainage and 
convey it to flood pool inlets. The inlets are sized according to the amount of drainage 
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runoff concentrated at each location. Inlet types include a small grated CMP drop inlet, 
a larger concrete drop inlet, a double concrete drop inlet and an inlet weir for the largest 
concentrated flows. 

Las Sendas Channel Transition and Baffled Drop Spillway 

Modifications are necessary for the Las Sendas channel inlet due to an expansion and 
lowering of the flood pool. The proposed modifications include transitioning the soil 
cement trapezoidal channel into a rectangular concrete section, the construction of a 
new baffled chute spillway and a 4-12'x8' RCBC in the channel to stabilize flow in the 
channel and for maintenance access across the channel. 

86th Street Channel Transition 

Modification to the 86th Street channel will also be necessary due to the expansion and 
lowering the flood pool. The proposed modifications include a channel transition from a 
trapezoidal section to a rectangular channel section, a concrete drop and a RCBC 
culvert that discharges into the flood pool. 

Siqnal Butte Energy Dissipation Basin 

At the request of the FCDMC, a maintenance ramp will be provided for the Signal Butte 
energy dissipation basin and a small lift station will be designed to drain water from the 
basin. 

I .3.5 CAP Canal Overchute Detention Basin 

The proposed freeway alignment crosses over the CAP canal just south of an existing 
CAP drainage overchute. To maintain the existing drainage patterns, drainage ditches 
along the east side of the freeway will convey runoff to a 6'x6' RCBC. The RCBC will 
pass under the freeway to drain the existing contributing watershed to the CAP 
overchute. A 2 acre-fl detention basin will be constructed between the freeway and the 
CAP Canal to attenuate the peak discharge from the freeway prior to discharging to the 
CAP Canal overchute and CAP Detention Basin No. 1. 

1.3.6 Power Road Detention Basin 

The existing Power Road detention basin was constructed during the previous section 
of the Red Mountain Freeway (Higley to Power) that was designed to accommodate a 
portion of freeway drainage from the extension of the freeway to University Drive. 

1.3.7 CAP Underpass Detention Basin 

At the south end of the project and west of the CAP canal, a detention basin is 
proposed to collect stormwater runoff from an isolated region in the west right of way. 
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1.3.8 Northeast Channel 

The Northeast Channel is a concrete lined channel located east of the freeway between 
the Spook Hill FRS and the CAP canal at the south end of the project. The channel will 
intercept offsite runoff from east of the Red Mountain Freeway and from an existing 
drainage ditch along the east side of the CAP canal and convey it to a 6'x6' RCB culvert 
across the freeway. The RCB culvert outlets to the CAP overchute which conveys 
runoff across the CAP canal and into the CAP Basin No. 1 detention basin. 

1.3.9 East Channel 

As part of this project, the concrete lined East Channel constructed as part of the 
segment of the Red Mountain Freeway south of University Drive, will be extended to the 
north to intercept and convey runoff for areas east of the freeway. 

I .3.10 Proposed Spook Hill ADMP Improvements 

The Spook Hill Area Drainage Master Plan (ADMP) was completed in September 2002. 
As part of the ADMP, drainage improvements were recommended along McDowell 
Road, McKellips Road and Hermosa Vista Drive. The recommended improvements 
along McDowell Road are not significantly affected by the proposed changes to the 
Spook Hill FRS flood pool and facilities, however, recommendations for large diameter 
storm drains on McKellips Road and Hermosa Vista Drive are impacted. 

On Hermosa Vista Drive, a 90'-96" CMP storm drain is recommended to discharge into 
the flood pool. At this general location, a weir flood pool inlet is proposed to handle 
offsite drainage. There is no indication that a 90"-96" storm drain could not also 
discharge to the flood pool at this general location. 

On McKellips Road, a 84"-90" CMP storm drain is recommended. In this area, retaining 
walls, the freeway pump station, and cross road culverts may make it difficult to 
discharge drainage into the flood pool north of McKellips Road. However, it would be 
possible to discharge into the flood pool south of McKellips Road without going through 
retaining walls and with less disruption. 
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e 2 OFFSITE HYDROLOGY 

2.1 GENERAL 

The objective of the offsite hydrologic analysis is to identify and quantify offsite 
stormwater runoff concentration points along the freeway corridor. Most of the offsite 
hydrology was been completed previously under various studies and projects. 
Therefore, this report presents only the design hydrology and modifications that may 
have been made subsequent to the 30% design phase. For more detailed information 
regarding hydrologic parameters and development of the design hydrology, refer to 
previous hydrologic studies, in particular, design and technical reports prepared by 
DMJM+Harris (see Section 2.2.1) 

The offsite hydrology is broken into two distinct watersheds, the Buckhorn-Mesa 
watershed and the East Mesa Area Drainage Master Plan (ADMP) watershed. The 
Buckhorn-Mesa watershed encompasses the contributory area to the Spook Hill FRS 
with the ultimate outfall being the Salt River. South of the Buckhorn-Mesa watershed, 
the East Mesa ADMP watershed shed includes much of the City of Mesa and 
encompasses the contributory area to the East Maricopa Floodway with the ultimate 
outfall being the Gila River. 

2.2 PREVIOUS HYDROLOGIC STUDIES 

Previous regional and local studies provide the basis for the project hydrology. In 
particular, the reports completed by DMJM+Harris during the initial and pre-design 
phases of the Red Mountain Freeway project provide most of the offsite project design 
hydrology (See Section 2.2.1). 

2.2.1 Red Mountain Freeway Drainage Studies 

The development of the design hydrology was accomplished during the initial design 
phase of this project and documented in four technical reports, an engineering concept 
drainage report, a design concepts report for the FRS, and an initial drainage report 
prepared by DMJM+Harris. These reports are briefly summarized below. 

Red Mountain Freewav (SR 202L) Power Road to University Drive Spook Hill 
Floodwater Retarding Structure Staqe Phase 11 (30%) Initial Drainage Report 

This report provides a summary of previous studies, models and methods used to 
develop the design hydrology along with the 100-year and the Probable Maximum Flood 
(PMF) hydrology used for the design of the Spook Hill FRS structures. It serves as the 
principal reference for the development and documentation of the project design 
hydrology. Herein, this report is referred to as the 30% Initial Drainage Report. 
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Red Mountain Freewav (SR 202L) Power Road to Universitv Drive Spook Hill 
Engineering Concept Drainage Report (ECDR) 

This report presents drainage design concepts in support of the Red Mountain Freeway 
Power Road to University Drive Engineering Concept Report and to quantify proposed 
hydraulic conditions for the 100-year and the Probably Maximum Flood events. 

Spook Hill FRS Modifications Desiqn Concepts Report 

This report presents the results of a site investigation and study to develop design 
concepts for modifications to the Spook Hill FRS. 

Red Mountain Freeway (SR 202L) Power Road to University Drive Spook Hill 
Floodwater Retardinq Structure Technical Reports: 

Technical Report No. 1: Existing Conditions Hydrology 
This report documents the development of the existing conditions 
hydrology Probable Maximum Flood (PMF) and the 112 Probable 
Maximum Flood event for the Spook Hill FRS. 

Technical Report No. 2: Probable Maximum Flood (PMF) Hydraulics 
The report documents the existing hydraulic conditions for the Spook Hill 
FRS as it is related to ADWR dam safety rules and regulations. 

Technical Report No. 3: Existing Conditions Hydrology & Hydraulics, 50- 
Year and 1 00-Year Floods 
The report documents the existing hydrologic and hydraulic conditions for 
the 50-year and the 100-year flood events for the Spook Hill FRS. 

Technical Report No. 4: Existing Conditions and Value Analysis 
Recommendations 
The report quantifies the Spook Hill Floodway existing conditions 
hydrology and the hydraulic constraints from the Spook Hill FRS principal 
spillway to the Salt River. The report also documents the value 
engineering process and analysis to propose design recommendations for 
possible implementation into the project design. 

These reports are herein referred to by the report number (e.g. Technical Report No. 3). 

2.2.2 Other Offsite Drainage Studies 

Spook Hill Area Drainage Master Plan (ADMP) Update 

This study quantifies the existing and proposed condition hydrology for the Buckhorn- 
Mesa Project watershed. The 100-year existing condition hydrology from this study is 
the basis of the Spook Hill FRS hydrology. 

Final Drainage Report -- Addendum Page 12 of 74 



Final Drainage Report - Red Mountain Freeway (SR 202L) Power Road to University Drive 

East Mesa Area Drainage Master Plan (ADMP) 

This study quantifies existing and future condition hydrology for east Mesa, primarily 
between the Buckhorn-Mesa Project watershed and the East Maricopa Floodway 
(EMF). 

Red Mountain Freewav (SR 202L), Initial Drainage Report (Staqe II Design), University 
Drive to Southern Avenue 

The initial design of this segment of the Red Mountain Freeway updates the East Mesa 
ADMP 100-year existing condition hydrology to include the freeway improvements 
between University Drive and Southern Avenue. 

Local Development Drainage Reports 

Information and data from numerous and primarily residential development drainage 
reports and studies was used to supplement the regional hydrology 

SCS Spook Hill Floodwater Retarding Structure Desiqn Studies: 

Evaluation of Preliminary Design Report 
The primary purpose of this report (1975) was to review the preliminary 
design hydrology for the Spook Hill FRS. According to the report, 
computations for determining the required reservoir capacity, principal 
spillway size, and the emergency spillway crest elevation were found to be 
satisfactory. 

Final Design Report 
This report was finalized by the SCS in 1976 to document the basis of the 
hydrologic, hydraulic, structural, foundation and embankment designs for 
the Spook Hill FRS. 

Final Design Report-Spook Hill Outlet Channel & Sediment Basin 
This report was finalized by the SCS in 1993 and documents the basis of 
the hydrologic, hydraulic and structural designs for the outlet channel from 
Bush Highway to the existing sediment basin, and for the sediment basin 
outlet channel into the Salt River just upstream of the Granite Reef Dam. 

2.3 DESIGN HYDROLOGY 

Offsite hydrology consists of two separate watersheds, the Buckhorn-Mesa watershed 
and the East Mesa Area Drainage Master Plan (ADMP) watershed. 
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2.3.1 Buckhorn-Mesa Watershed 

2.3. I. I General 

The Buckhorn-Mesa watershed includes the contributory area to the Spook Hill FRS 
with the ultimate outfall being the Salt River. Since the freeway alignment passes over 
the Spook Hill FRS and through the flood pool, the extension of this segment of the 
freeway has the most significant impact on the Buckhorn-Mesa Watershed. 

Initial hydrology for this watershed was developed as part of the design of the 
Buckhorn-Mesa project facilities by the National Resource Conservation Service. 
Subsequent studies updated the hydrology and developed hydrologic models for the 
watershed. The Spook Hill ADMP provided the initial hydrologic model for the 
watershed that was revised as part of the initial 30% design phase of this project to 
develop the design hydrology. 

2.3.7.2 Spook Hill FRS 

The Spook Hill FRS design hydrology consists of the existing conditions 100-year, 24- 
hour hydrology and the existing conditions Probable Maximum Flood (PMF), 6-hour 
hydrology. The design hydrology was modeled using the U.S. Army Corp of Engineers 
(USCOE) Hydrologic Engineering Center (HEC) HEC-1 computer software package 
(Version 4.1, 1998) and was developed using methodologies documented in the 
Drainage Design Manual (DDM) for Maricopa County, Volume I, Hydrology (1 995). 

100-Year, 24 Hour 

The existing conditions 100-year, 24-hour hydrology is used for the design of the 
freeway levee. Details of the 100-year analyses used for design are provided in 
Technical Report No. 3. The results of the analyses are summarized in the table below. 

Brown Rd - McKellips Rd 
Brown Rd - McKellips Rd 

McKellips Rd 

McKellips Rd - McDowell Rd 
McDowell Rd/ 

Las Sendas Channel 
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360C 
380C 

400C 
C420 

R415 

North of McDowell Rd 

2.731 

2.396 

I .818 
1.145 

0.447 

I C455 

1,286 
I ,313. 

71 2 
805 

I 527 

0.370 169 
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Probable Maximum Flood (PMF] 

The PMF is used to ensure the Spook Hill FRS will not be overtopped during the PMF 
event and that excessive floodwater is released through the emergency spillway. The 
PMF is based on the Probable Maximum Precipitation (PMP). The PMP was estimated 
for both a general and local storm based on procedures presented in the U.S. Army 
Corps of Engineers Hydrometeorological Report No. 49 [HMR 49 (1977)l and 
correspondence with ADWR. The local storm PMP defined the design existing 
hydrologic conditions. Details of the PMF analysis used for design are provided in 
Technical Reporf No. 2. The results of the analyses are summarized in the table below. 

Table 2-2: PMF Peak Design Discharges 

2.3.1.3 Spook Hill Flood Pool Inflow Structures 

Discussion of Spook Hill inflow structures and the determination of design discharges 
are provided in Section B by J2 Engineering and Environmental Design. 

2.3.2 East Mesa ADMP Watershed 

2.3.2.7 General 

South of the Buckhorn-Mesa watershed, the East Mesa ADMP watershed includes 
much of the City of Mesa and encompasses the contributory area to the East Maricopa 
Floodway (EMF) and the Sossaman Channel with the ultimate outfall being the Gila 
River. Only a small portion of the East Mesa ADMP watershed located east of the CAP 
and south of the Spook Hill FRS is impacted by the freeway project. 

The East Mesa ADMP provided the initial hydrology for this watershed. The hydrologic 
analysis has been revised several times as part of the design of the Red Mountain 
Freeway corridor north of the Superstition Freeway (US 60) and as part of the initial 
30% design phase of this project. The East Mesa design hydrology consists of the 

@ existing conditions 100-year, 24-hour hydrology. The design hydrology was modeled 
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using the HEC-I computer software package (Version 4.1, 1998) and was developed 
using methodologies documented in the Drainage Design Manual (DDM) for Maricopa 
County, Volume I, Hydrology (1 995). 

2.3.2.2 CAP Overchute 

As part of the freeway drainage design criteria, it is necessary to document that the 
freeway will not adversely impact conditions downstream of the freeway. Generally, this 
is accomplished in the design of the Spook Hill FRS. However, at the south end of the 
project, the freeway briefly extends beyond the Spook Hill FRS prior to crossing the 
CAP canal. In this area, a 3-54" steel pipe overchute conveys drainage across the CAP 
canal into a small regional detention basin (CAP Detention Basin No. 1). 

The impacted area was limited to Sub-basin 50 of the East Mesa ADMP 100-year 
hydrology. To assess the impact of the freeway project and design any recommended 
improvements, Sub-basin 50 was subdivided into three smaller drainage areas for the 
proposed conditions hydrology. This required a similar subdivision of Sub-basin 50 in 
the existing conditions hydrology since subdividing the basin itself (with no other 
changes to the hydrologic parameters) was sufficient to produce adverse downstream 
conditions when compared to original existing conditions. Therefore, to provide a 
relative assessment of the impact of the proposed freeway improvements on 
downstream hydrology, the existing condition was also modified to subdivide basin 50 
into three basins (50A, 50B and 50C). 

The hydrologic model for the proposed conditions resulted in a slight increase in peak 
discharge downstream of CAP Detention Basin No. 1. To attenuate the peak discharge, 
a detention basin is provided between the freeway and the CAP overchute to detain 
freeway drainage. The basin attenuates the peak discharge immediately downstream 
of the basin but due to timing differences, the analysis indicates flow is increased 1 cfs 
at a concentration point further downstream (C18C). This increase is considered 
insignificant and would have no adverse impacts downstream. Detailed analysis and 
documentation of the hydrology is provided in the Appendix A. Table 2-4 presents the 
results of the existing conditions and the proposed conditions hydrology. 

Description 

CAP Overchute I CAP1 1 264 1 252 1 
CAP Detention Basin No. 1 I BASIN1 1 161 1 152 1 

I I I 
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2.3.2,3 Northeast Channel Hydrology 

Hydrology for the northeast channel is based upon the CAP Overchute proposed 
conditions hydrology for subbasin 50 of the East Mesa ADMP watershed hydrology (see 
previous section). However, the 50-year precipitation value was used to determine the 
design discharges for the channel north of the RCB culvert, for the channel south of the 
RCB culvert and for the confluence a the RCB culvert. The results of the hydrologic 
analysis are shown in the table below. 

Table 2-4: Northeast Channel 50-Year Peak Discharge 
I 50-Year 

Description 

I Northeast Channel - North Section I 50AFWY I 73 I 

HEC-1 
Hydrograph 

1 Northeast Channel - South Section I 50BFWY I 1 34 I 

Proposed 
Conditions 

(cfsl 

I Peak Discharge at 6'x6' RCB Culvert I COAB I 200 I 
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3 OFFSITE DRAINAGE 

3.1 GENERAL 

The purpose of the offsite drainage system is to protect the freeway and maintain the 
operational characteristics of the Spook Hill FRS. Discussion of the offsite drainage 
systems in this section is separated based on improvement type and location. 

During the initial phase of design for this segment of the Red Mountain Freeway, a field 
survey was conducted to define the conversion factor between the National Geodetic 
Vertical Datum of 1929 (NGVD 29) and the North American Vertical Datum of 1988 
(NAVD 88). Based on the results of this survey, a consensus was obtained from the 
review agencies that the NGVD 29 datum (the basis of the Spook Hill FRS as-built 
plans) to NAVD 88 datum adjustment factor would be +2.01 feet. Unless otherwise 
specified, the elevation data presented in this report is based upon the NAVD 88 datum. 

3.2 DESIGN CRITERIA 

The design criteria summarized is this section was applied to the design of offsite 
drainage facilities. The majority of criteria are obtained in the ADOT Roadway Design 
Guidelines (RDG), May 1996. Additional design criteria was taken from the Flood 
Control District of Maricopa County's Drainage Design Manual for Maricopa County, 
Arizona, Volume /I Hydraulics, November 1991 (revised January 1996). Other criteria 
were established through discussions with the FCMDC, ADOT Drainage Group or with 
ADWR. Exceptions to the identified design criteria are noted and are explained in 
italics. 

3.2.1 Channels 

3.2.1.1 Cross Section 

Side Slopes 
Aggregate and unlined channels - 3:l  (H:V) 
Channels adjacent to a roadway without barrier protection - 4:l (H:V). 
Concrete lined channels - 1.5:l (H:V) maximum; 2:l (H:V) preferred. 

The Las Sendas channel and the 86th St channel both transition to a concrete 
rectangular channel before passing through culverts. 

Bottom Width 
Channels adjacent to a roadway without barrier protection - 4 ft. absolute 
minimum, 8 ft. preferred minimum. 
Concrete lined channel - 4 ft. absolute minimum, 8 ft. preferred minimum. 
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Cross-Slope 
2% cross-slope to one side across the total channel bottom width with a 
one-foot maximum drop. The channel profile grade line is defined as the 
low edge of the channel bottom. 

The existing Las Sendas and 86th street channel do not have cross slopes, 
therefore, no cross slope is implemented with the Stage I1 design. 

3.2.7.2 Profile 
Earth and grass lined channels - minimum grade of 0.2% 
ConcreteISmooth paved channels - preferred minimum grade of 0.1 %. 

The grade of the flood pool low flow channels is limited by the fall across the 
entire flood pool basin. Since the channel is within the flood pool itself, milder 
slopes will have no impact on flooding. 

3.2.7.3 Alignment 
Horizontal and vertical channel alignments are independent of the freeway. 

3.2.7.4 Transitions 
Transitions between channel sections will be developed based on criteria 
presented in Table 608.3 of the RDG. 

3.2.7.5 Hydraulic Analysis 

Flow Regime 
Channels designed to convey flows in the subcritical flow regime should 
maintain Froude Numbers less than 0.86. 
Channels to be designed to convey flows in the supercritical flow regime 
should maintain a Froude Number between 1.13 and 2.0. Exceptions are 
allowed at drop structures and at designated locations where controlled 
hydraulic jumps occur. An exception is also made for the channel 
transitions at the Las Sendas Channel and the 86th Street channel were the 
existing channel Froude numbers may already exceed the supercritical flow 
design criteria. 

Manninrr's "n" value 
Earth channel: 0.020 to 0.025 
Concrete lined channel: 0.01 3 to 0.01 8 

Manning's n values for the HEC-RAS analysis of the Spook Hill Flood Pool 
are estimated based upon expected land use, surface material and/or 
vegetation type and density. 
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Enerqv Loss Coefficients 
Vertical wall transition at culverts: Expansion - 0.3, Contraction - 0.1 
Gradual channel section transitions: Expansion - 0.3, Contraction - 0.1 
BridgeICulvert transitions: Expansion - 0.5, Contraction - 0.3 

3.2.1.6 Flow Depth 
Channel flow depth shall be limited to preclude saturation of the roadway 
pavement structural section. 

3.2. I. 7 Freeboard 
Water-surface elevation below natural ground - Minimum of one foot 
For subcritical regimes (Froude Number<l), the minimum freeboard is: 

Where: y = normal depth of flow (feet) 
V = normal velocity (feet) 
g = acceleration of gravity (32.2 feetls2) 

or one foot, whichever value is greater. 
For water-surface elevations above natural ground, calculate per the below 
ground freeboard requirements plus one additional foot. 
For supercritical flow regimes (Froude Number>l) the minimum freeboard is 
calculated as depicted from the above equation or two feet, whichever value 
is greater. 

The existing channel along the CAP channel that flows into the south end of fhe 
Northeasf Channel does not to contain the 50-year design criteria much less 
meet the above freeboard criteria. Consequently, a portion of the south section 
of the Northeast Channel cannot reasonably contain the design discharge or 
meet freeboard criteria without extensive offsite grading and channel 
improvements. Therefore, an exception is necessary for the south section of 
the Northeast Channel. 

3.2.1.8 Energy Dissipators 
Energy dissipators will be designed in accordance with FHWA HEC No. 14 
Hydraulic Design of Energy Dissipators for Culverts and Channels or the 
USBR Hydraulic Design of Stilling Basins and Energy Dissipators. 

3.2.1.9 Maintenance Access 
As a minimum, one continuous 12-foot wide maintenance access road is 
required along the offsite drainage channel system. Adjacent roadside 
ditches that convey small amounts of runoff will not require construction of 
maintenance roads. 
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Per ADOT's RDG, offsite channels must be designed in a manner to provide for the 50- 
year frequency storm with freeboard. The 100-year storm must be checked to verify 
that the flows are contained within the right-of-way and do not create any adverse 
conditions upon adjacent properties. The size of offsite stormwater facilities is often 
governed by minimum bottom widths and minimum box culvert heights. The difference 
between the 50 and 100-year discharges often does not result in significantly different 
facility sizes. For these reasons, the 100-year frequency is generally used for the 
design storm. Offsite channel extensions or transitions are designed in accordance with 
the initial channel design criteria if available or for the 100-year discharge. 

3.2.2 Detention Basins 

This criterion does not apply to the Spook Hill FRS, its associated operational structures 
or the freeway levee. Design criteria for those structures are presented separately. 

3.2.2.7 Cross Section 

Side Slopes 
Aggregate, grass and unlined slopes - 3:l (H:V) maximum, 4:l preferred. 

Cross Slope 
A one percent minimum cross-slope, perpendicular to the low flow channel, 
shall apply for all detention basin bottoms. 

3.2.2.2 Low Flow Channel 
Earth and grass lined channels - minimum grade of 0.2%, preferred 
minimum grade of 0.3%. 
Concrete lined channels - minimum grade of 0.1%, preferred minimum 
grade of 0.2%. 

3.2.2.3 Emergency Spillways 
ADOT detention basins with piped low flow outlets shall have emergency 
spillways sized for the 100-year peak inflow assuming the outlet pipe is 100 
percent clogged and no storage attenuation. 

3.2.2.4 Freeboard 
For water-surface elevations below natural ground, the minimum freeboard 
from the maximum 100-year water-surface elevation to the surrounding 
natural ground shall be one foot. 

3.2.2.5 Energy Dissipators 
Energy dissipators will be designed in accordance with FHWA HEC No. 14 
Hydraulic Design of Energy Dissipators for Culverts and Channels or the 
USBR Hydraulic Design of Stilling Basins and Energy Dissipators. 
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3.2.2.6 Maintenance Access 
As a minimum, one continuous 12-foot wide maintenance access road is 
required along the perimeter of any offsite detention basin. 
An access ramp from the perimeter road to the basin bottom shall be 
provided at strategic locations, preferably near the basin outlet structure(s). 

3.2.3 Freeway Levee 

The freeway levee hydrologic and hydraulic design criteria established by ADWR 
requires that the top of the levee be above the existing condition IOO-year water surface 
elevation along the length of the levee and that the levee be armored against erosion 
such that the structural section shall remain intact following a Probable Maximum Storm 
event. Usual freeboard criteria that might be normally required have been relaxed due 
to the additional flood protection provided by the depressed section of the Red Mountain 
Freeway and the Spook Hill FRS itself. 

The structural design criteria for the freeway levee are dictated by ADWR regulations. 
The freeway levee will impound floodwaters upstream of the freeway, classifying the 
levee as an "Appurtenant Structure" according to ADWR regulations. The levee must 
therefore be designed as a dam in accordance with ADWR Regulation 1216 (excepting 
freeboard requirements). 

3.2.4 Spook Hill FRS 

The Spook Hill FRS hydrologic and hydraulic design criteria require: 

The IOO-year water-surface elevations for the proposed condition shall be 
less than or equal to the existing (pre-project) condition. (Note: This is criteria 
is primarily applicable to the freeway levee since it is designed to contain the 
I OO-year event). 
The PMF water-surface elevations for the proposed condition shall be less 
than or equal to the existing (pre-project) condition. 
The proposed flood pool low-flow channel shall provide a minimum capacity 
that equals or exceeds the existing (pre-project) condition. 

The structural and geotechnical criteria are documented in separate reports. 

3.2.5 Spook Hill FRS Principal Spillway Outlet 

The Spook Hill FRS Principal Spillway Outlet consists of a rectangular box drop inlet 
with an anti-vortex panel and an SAF energy dissipator outlet. The SAF energy 
dissipator is designed in accordance to guidelines provided in FHWA HEC No. 14 
Hydraulic Design of Energy Dissipators for Culverts and Channels or the USBR 
Hydraulic Design of Stilling Basins and Energy Dissipators. 
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Design reference material for rectangular drop inlets and antivortex walls is empirically 
based and limited to specific sizes and configurations of the inlet. The proposed 
Principal Spillway drop inlet size and configuration was set at the preliminary 30% 
design stage and is atypical of the available design reference material. However, 
general recommendations for the relevant design feature of the antivortex wall are 
provided in the USDA ARS-NC-33 Hydraulics of Closed Conduit Spillways Part XIV: 
Antivortex Walls for Drop Inlets, Part XV: Low Stage Inlet for the Two-Way Drop Inlet, 
March 1976. 

3.3 HYDRAULIC DESIGN AND ANALYSES 

Numerous hydraulic analyses were performed during the initial design process of onsite 
and offsite drainage and flood control facilities. These initial analyses were performed 
to assess existing conditions; to evaluateldevelop alternatives or methodologies; or to 
address specific issues that arose during the initial design phase. For various reasons, 
not all of these analyses or issues were readdressed in subsequent design phases. In 
most cases, however, it was because the initial approach, methodology, and design 
was determined, approved, and essentially finalized during previous design phases and 
these issues were not to be readdressed but simply adopted in the final design effort. 

With the exception of the analysis of the Spook Hill FRS, the design of hydraulic 
structures is based upon steady state flow conditions and normal depth methods. For 
the Spook Hill FRS, an unsteady flow HEC-RAS analysis was utilized to model the 
operation of the flood pool. 

The general methodologies, equations, and analyses used in the design of offsite 
facilities are presented in this section. 

3.3.1 Open Channels 

HEC-RAS (Version 3.1 . I )  steady-state hydraulic models were used to analyze and 
design significant open channels 

3.3. I. I Northeast Channel 

The Northeast Channel is a concrete lined channel located east of the freeway between 
the CAP canal and the Spook Hill FRS at the south end of the project. The channel 
consists of a north section, south section, and a 6'x6' RCB culvert across the freeway. 
The north section primarily collects sheet flow and drainage from small undefined 
drainage channel and conveys it south to the RCB culvert. Due to the existing grade, 
the channel is fairly steep and the 73 cfs design flow is supercritical. The hydraulic 
analysis of the channel indicates there is sufficient freeboard for the supercritical 
channel. 
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The south section of the channel intercepts drainage runoff and reroutes an existing 
drainage ditch along the CAP canal north along the freeway to the RCB culvert. Due to 
the existing grade, the channel is mildly sloped and actually fighting the natural grade to 
convey runoff to the RCB culvert. Because the channel is fighting grade, the channel is 
deeper near the RCB culvert and gets much shallower as it transitions into the existing 
channel along the CAP channel. Consequently the channel does not meet freeboard 
requirements along its entire length. Nor does the channel appear to contain the design 
134 cfs flow as it approaches the existing drainage channel along the CAP canal. The 
inability to contain flow is because the design discharge is not contained within the 
existing CAP channel and that the existing ground drops in elevation as the new 
channel continues upstream to tie into the existing CAP drainage ditch. While flow will 
not be contained within the channel, overtopping flow should not produce adverse 
flooding conditions since water will be pond along the freeway embankment until the 
channel depth recedes and water drains back into the channel. 

The RCB culvert conveys drainage across the freeway to the CAP overchute which 
discharges across the CAP canal and into CAP Detention Basin No. 1. The analysis 
indicates the culvert has adequate capacity to convey the design discharge of 200 cfs. 
Supporting hydraulic analysis and calculations are provided in Appendix A. 

3.3.1.2 Las Sendas Channel 

Discussion of the design and analysis of East Channel is provided in Section B by J2 
Engineering and Environmental Design. 

3.3.1.3 86fh Street Channel 

Discussion of the design and analysis of 86" Street Channel is provided in Section B by 
J2 Engineering and Environmental Design. 

3.3.1.4 East Channel 

Discussion of the design and analysis of East Channel is provided in Section B by J2 
Engineering and Environmental Design. 

3.3.2 Culverts 

Culvert analyses were performed using the Federal Highway Administration's HY-8 
Culvert Analysis Program (Version 6.1), Haestad Methods CulvertMaster (Version 3.0) 
or the Nebraska Department of Roads Broken-Back Culvert Analysis Program (BCAP). 
These programs automate the design methods described in the FHWA publications 
HDS-5, "Hydraulic Design of Highway Culverts," and HEC-14, "Hydraulic Design of 
Energy Dissipators for Culverts and Channels". HDS-5 culvert nornographs were also 
used for some simple pipe capacity calculations. HY-8 was also used to provide general 
estimates for the size and extent of erosion protection at typical culvert outlets. 
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3.3.3 CAP Overchute Detention Basin 

The CAP overchute detention basin is a 2 acre-ft detention basin located between the 
freeway and the CAP Canal to attenuate the peak discharge from the freeway prior to 
discharging to the CAP Canal overchute and CAP Detention Basin No. 1. The design of 
the basin is based upon the hydrologic analyses presented in Section 2.3.2.2. 

3.3.4 Flood Pool Inlets 

Discussion of the design and analysis of Spook Hill inflow structures is provided in 
Section B by J2 Engineering and Environmental Design. 

3.3.5 Las Sendas Channel Baffled Chute Spillway 

Discussion of the design and analysis of the Las Sendas channel and the baffled cute 
spillway is provided in Section B by J2 Engineering and Environmental Design. 

3.3.6 Screen Walls 

The construction of the Red Mountain Freeway necessitated the construction of screen 
walls at specific locations along the east side of the flood pool adjacent to residential 
areas where there are no walls currently. With offsite flows approaching from the east, 
the screen walls will be built with openings that will provide a means by which offsite 
flows will be allowed to readily reach the flood pool. Specifically the proposed screen 
walls will be constructed at about collector channel stationing: 54+50 to 71+50, (113 mile 
to 1/2 mile south of McDowell Road); 182+00 to 185+00, (just north of Brown Road); and 
189+60 to 194+50, (just south of Brown Road). The proposed openings in the screen 
walls will allow flows to enter the flood pool in much the same manner that offsite flows 
currently enter the flood pool. 

3.3.7 Signal Butte Energy Dissipation Basin 

At the request of the FCDMC, a ramp with an 8:l slope will be provided for the Signal 
Butte energy dissipation basin for maintenance. A small pumping facility will be 
designed to drain water from the basin. Discussion of the Signal Butte energy 
dissipation pump station is provided in Section 6.2. 

3.3.8 Spook Hill FRS Principal Spillway 

3.3.8. I Background 

As part of the modifications to the Spook Hill FRS, ADOT and the FCDMC agreed with 
a Value Engineering recommendation to construct a new principal spillway for the 
Spook Hill FRS to utilize excess capacity in the existing downstream Spook Hill 
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Floodway. The results of the Value Engineering study are documented in Technical 
Repott No. 4. 

The new principal spillway configuration was determined during the initial 30% design 
phase of this project and documented in the 30% Initial Drainage Report. It should be 
noted that an assessment of the new principal spillway's impact on the floodway was 
performed during the initial design phase and it was not intended to be readdressed in 
subsequent design efforts. 

The initial 30% design analyses indicated that, in general, the floodway channel had a 
significant amount of excess capacity and that the actual capacity of the floodway was 
limited by structures at the road crossings, in particular, the Bush Highway crossing. 
However, the analyses also indicated that discharges from the principal spillway had a 
relatively insignificant impact on peak discharges at the Bush Highway crossing. Since 
the principal spillway discharge in subsequent design phases is essentially the same as 
the initial design, the Spook Hill Floodway will not differ significantly. 

3.3.8.2 Principal Spillway Design 

The Spook Hill FRS principal spillway outlet consists of a rectangular box drop inlet with 
an anti-vortex panel, a RCB culvert conduit, and an SAF energy dissipator outlet. 

Rectangular Drop lnlet and Antivortex Wall 

The 12'xI4'x8' (width x length x drop) drop inlet size and configuration 
was set at the preliminary 30% design stage and based upon estimated 
capacity of the Spook Hill Floodway and the discharge capacity of the 
principal spillway (see Principal Spillway Outlet Rating Curve). 

The Principal Spillway antivortex wall design is based upon design 
guidance provided in the USDA ARS-NC-33 Hydraulics of Closed 
Conduit Spillways Patt XIV: Antivortex Walls for Drop Inlets, Part XV: 
Low Stage lnlet for the Two-Way Drop Inlet, March 1976. The guidance 
indicates that given a rectangular drop inlet of width D, the antivortex 
wall should extend Dl2 beyond the outside of the drop inlet sidewalls and 
it's height be at least 1.5D, preferably 2D, or extends to the maximum 
water surface elevations, whichever is less. 

SAF Energy Dissipator Desiqn 

The Spook Hill FRS Principal Spillway Outlet consists of a rectangular 
box drop inlet with an anti-vortex panel and an SAF energy dissipator 
outlet. The SAF energy dissipator is designed in accordance to 
guidelines provided in FHWA HEC No. 14 Hydraulic Design of Energy 
Dissipators for Culverts and Channels or the USBR Hydraulic Design of 
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Stilling Basins and Energy Dissipaters. Detailed calculations are 
provided In Appendix B. 

3.3.9 Spook Hill FRS Emergency Spillway 

The existing 260 fi. wide, Type C, reinforced concrete, straight drop emergency spillway 
for the Spook Hill FRS will remain intact without modification. 

3.3.1 0 HEC-RAS Combined Spillways Outlet Rating Curve 

The principal spillway outlet rating curve together with the emergency spillway outlet 
rating curve comprise the combined spillways outlet rating curve which is used as a 
boundary condition in the unsteady flow HEC-RAS analysis of the Spook Hill FRS 
operation. 

3.3.10. I Principal Spillway Outlet Rating Curve 

The principal spillway outlet rating curve was based upon the discharge capacity of the 
12'x8' RCB outlet conduit and the inlet capacity of the drop inlet. The discharge 
capacity of the RCB outlet conduit was estimated using HY-8 culvert analyses. The 
inlet capacity of the 12'x14' drop inlet was estimated using the weir equation. The 
capacity of each component was then estimated and compared over a range of flood 
pool stage elevations. The principal spillway outlet rating curve was then determined 
based upon the capacity of the component that limited discharge through the spillway at 
each specific flood pool stage elevation (see Tables 3-1 and 3-2). 

Rating curves were developed for both the existing principal spillway (7Ix7.5' RCB with 
7'x14' drop inlet) and the proposed principal spillway (12'x8' RCB with 12'x14' drop 
inlet). The rating curves are shown in the Figure 3-1. 
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Figure 3-1: Principal Spillway Outlet Rating Curves 

3.3.10.2 Emergency Spillway Outlet Rating Curve 

The emergency spillway outlet rating curve is shown as part of the New Combined 
Spillway Outlet Rating Curve in Figure 3.2. Supporting documentation for the 
determination of the emergency spillway discharge rating curve is provided in the 30% 
Initial Drainage Report. 

3.3.10.3 Combined Spillway Outlet Rating Curve 

The combined spillway outlet rating curve is simply the addition of the new principal 
spillway outlet rating curve and the emergency outlet rating curve to create a combined 
rating curve representing the total discharge from the Spook Hill FRS for a range of 
flood pool stage elevations. 

The calculated rating curve for the existing spillway configuration and the new combined 
spillways outlet rating curve are presented in Tables 3-1 and 3-2, respectively. The new 
combined spillways outlet rating curve is shown in Figure 3-2. A graphical comparison 
of the rating curves is shown in Figure 3-3. 
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Notes 
1. Based on weir equation (represents weir inlet capacity). 
2. Based on interpolated values from HY-8 analysis (represents actual RCB conduit capacity). 
3. Smallest value of either the inlet capacity (weir equation) or the conduit capacity (HY-8 analysis). 
4. Based upon previous assessment of emergency spillway capacity. 
5. Nominal values inserted for HEC-RAS modeling purposes. 
6. Actual emergency spillway crest elevation is estimated to be 1583.86 based upon conversion from 

NAD29 to NGVD88 (+1.86 ft). Elevation 1584 used for rating curve for ease of use and will not have 
a significant impact on results. 
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Notes 
1. Based on weir equation (represents weir inlet capacity). 
2. Based on interpolated values from HY-8 analysis (represents actual RCB conduit capacity). 
3. Smallest value of either the inlet capacity (weir equation) or the conduit capacity (HY-8 analysis). 
4. Based upon previous assessment of emergency spillway capacity. 
5. Nominal values inserted for HEC-RAS modeling purposes. 
6. Actual emergency spillway crest elevation is estimated to be 1583.86 based upon conversion from 

NAD29 to NGVD88 (+I .86 ft). Elevation 1584 used for rating curve for ease of use and will not have 
a significant impact on results. 
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Figure 3-2: New Combined Spillways Outlet Rating Curve 
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Figure 3-3: Existing vs. New Combined Spillways Outlet Rating Curve 
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3.3.11 Spook Hill FRS Stage-Storage Curve 

The storage capacity of the Spook Hill FRS flood pool and the freeway prism at various 
water surface elevations were estimated from the flood pool grading DTM. Table 3-3 
shows the design storage provided at critical elevations along with storage capacity for 
the existing conditions. A stage storage curve for the Spook Hill FRS is also provided in 
Figure 3-4. It should be noted that the freeway prism volume is not included in the 
storage capacity of the flood pool until the water surface elevation exceeds the lowest 
elevation of the freeway levee. It should also be noted that both the existing conditions 
and the design conditions do not reflect the estimated storage set aside for the 
accumulation of sediment (271 acre-ft for existing conditions, 241 acre-ft for design 
conditions) 

Table 3-3 Spook Hill FRS Stage-Storage 
Design Condition 

Description 

Existing condition1 

Spook Hill FRS Flood Pool 
Bottom Elevation 

Principal Spillway 
Crest Elevation 

Freeway Levee 
Crest Elevation (~owest)~ 

 levat ti on^ 
(fi) 

1568.1 

Just Above Freeway Levee 
Crest   leva ti on^ 

  leva ti on^ 
(ft) 

Storage Volume 
(acre-ft13 

1577.5 

1582.1 

Emergency Spillway 
Crest Elevation 

1. Obtained from DMJM+Harris Technical Report No. 1, Oct 2001, Appendix C. 
2. NAD88 
3. Volumes at non-integral elevations interpolated. Freeway volume only included at or above the freeway levee crest elevation. 

241 acre-ft is subtracted from available storage volume to account for sedimentation. 
4. Elevations converted from NGVD29 to NAD88. Elevation may differ due to changes in design or location of elevation. 
5. Freeway levee elevation varies from 1582.1 feet to 1585.0 feet. 
6. At 1582.2, assume freeway prism volume of -1058 acre-ft is available for storage. 
7. FRS levee crest elevation at the principal spillway is -1591.4 feet. Generally, the FRS crest elevation is -1593.5 feet. 

Storage Volume 
(acre-ft) 

0 

1582.2 

Spook Hill FRS 
Crest Elevation (~owest)~ 
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Spook Hill FRS Stage-Storage 
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Figure 3-4: Spook Hill FRS Stage-Sforage Curve 

3.3.12 Spook Hill Floodway Analyses 

The Spook Hill Floodway was studied in detail in Technical Report No. 4. The report 
indicated that the existing floodway had additional capacity for the 100-year event. The 
report also included a Value Engineering Assessment which recommended the 
construction of a new principal spillway with a larger discharge capacity that would 
reduce the reservoir storage requirement of the Spook Hill FRS. This recommendation 
was adopted by both ADOT and the FCDMC. 

During the 30% design phase a new principal spillway was design and analyzed. The 
analysis indicated that the new principal spillway has no significant impact on the 
floodway. An insignificant increase in flow was realized at the Bush Highway 
(increasing from 2892 cfs to 2895 cfs). The culvert crossing at Bush Highway was 
estimated to have a capacity of approximately 3030 cfs prior to overtopping. However, 
the floodway capacity is approximately 2700 cfs immediately downstream of the 
highway, due to the apparent inability of the existing channel to contain subcritical flow. 
Documentation of the design is provided in the 30% Initial Drainage Report. 
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e Reassessment of the floodway capacity after the initial floodway evaluation was 
excluded from the scope of subsequent design efforts. Changes to the design of the 
new principal spillway and to the Spook Hill flood pool grading do not differ greatly from 
the initial design. Therefore, the impact on the Spook Hill Floodway is expected to be 
minor and that the floodway has adequate capacity for the 100-year event. 

3.3.13 Spook Hill Flood Pool Unsteady Flow HEC-RAS Analysis 

3.3.13. I General 

The approach, methodology, and hydraulic models for the operational and design 
analysis of the Spook Hill FRS facilities was developed and approved during the pre- 
design and initial design phases of this project. The hydraulic models presented in the 
30% Initial Drainage Report were utilized for the analysis of the flood pool and freeway 
prism for both the PMF and 100-year flood events for the existing and proposed Spook 
Hill FRS facilities. 

The design concept is that the freeway levee, located east (upstream) of the freeway, 
will provide floodwater protection up to the 100-year event. For floods exceeding the 
100-year event, floodwater will overtop the freeway levee and the freeway prism will 
provide additional floodwater storage and flood protection. A pump station will drain the 
freeway by pumping water back into the flood pool. The flood pool will be drained 
through the principal spillway to the Spook Hill Floodway. During extreme flood events, 
the existing emergency spillway will provide a controlled discharge outlet for floodwater 
and protect the integrity of the FRS. However, with no downstream conveyance, 
floodwater will present hazardous flood conditions downstream of the spillway. This 
issue is addressed in the Spook Hill FRS Flood Inundation Study provided separately. 

This section discusses the hydraulic parameters, assumptions and methodologies 
associated with the analysis of the final Spook Hill FRS design. For information on the 
hydraulic analysis of the existing Spook Hill FRS facilities, refer to the 30% Initial 
Drainage Report. 

3.3.13.2 Hydraulic Modeling Data 

The operational characteristics of the Spook Hill FRS (including the freeway prism) were 
analyzed using HEC-RAS (Version 3.1.1 ) unsteady flow hydraulic models. Utilizing a 
different version of HEC-RAS may produce different results and/or error messages. 
The model extends from the principal spillway outlet located at the north end of the 
project to the outlet of the Signal Butte Floodway located approximately 2 miles to the 
south east. The input parameters and methodologies used to develop the hydraulic 
models are summarized below. 

GEOMETRIC DATA 

Final Drainage Report -- Addendum Page 34 of 74 



Final Drainage Report - Red Mountain Freeway (SR 202L) Power Road to University Drive 

Reaches 

There are three analysis reaches in the HEC-RAS model: the Upper FRS 
Reach, the Lower FRS Reach, and the Freeway Reach. 

Umer FRS Reach. This reach represents the flood pool upstream of the 
confluence with the Freeway Reach. It includes the inflow hydrographs for much 
of the Buckhorn Mesa watershed including the Signal Butte Floodway (the 
upstream boundary hydrograph), lateral weirs for the top of the freeway levee, 
and all the cross road culverts for the flood pool. 

Lower FRS Reach. This reach represents the flood pool downstream of the 
confluence of the Upper FRS Reach and the Freeway Reach. It includes the 
emergency and principal spillways (both represented by the rating curve for the 
downstream boundary condition) and an inflow hydrograph for the Las Sendas 
channel located north of McDowell Road. 

Freeway Reach. This reach represents the incised freeway prism from south of 
Brown Road to the confluence with the flood pool reach just north of McDowell 
Road. The Spook Hill FRS itself (west of the freeway) is included in this reach 
and contains flood water within the freeway prism. The freeway reach contains 
freeway bridge crossings at McDowell, McKellips, and Brown Roads and also 
receives flood water overtopping the freeway levee along the right embankment 
(east side of the freeway). 

Junctions 

A junction or confluence for the freeway reach and the flood pool is placed just 
north (downstream) of McDowell Road. The junction is essentially the 
"downstream" end of the freeway where the incised freeway begins to transition 
to an elevated section as the freeway rises to pass over the CAP Canal. A short 
segment of the freeway levee just north of the freeway bridge at McDowell Road 
would allow flood water above the freeway levee elevation to reenter the flood 
pool. 

Junction calculations are performed using the energy equation (as opposed to 
the momentum equation which considers junction angle) since the energy loss 
due to the confluence angle is expected to be insignificant. A comparative 
analysis indicated that the selection of the computational approach does not 
significantly impact the results. 

Lateral Structures 

The freeway levee between the flood pool and the freeway is defined as a series 
of lateral weir structures in the FRS Reach. The lateral weirs are set at the left 

e overbank of the FRS cross sections with weir elevations based set at the top of 
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freeway levee elevation or by the proposed ground at the left overbank. Flow 
overtopping the freeway levee is diverted to the Freeway Reach at specific cross 
section locations based upon the location of the lateral weir. 

Cross Sections 

A composite digital terrain model (DTM) comprised of existing topographic 
information and the proposed project grading was used to cut cross sections for 
the hydraulic model analysis. 

An exhibit showing cross-section locations is provided in Appendix C. The 
exhibit shows many cross sections extending across both the FRS Reach and 
the Freeway Reach. However, cross sections for each reach were typically 
truncated at the freeway levee to simplify the geometric data, clarify the 
separation between the two reaches and to help define the top of the freeway 
levee as a lateral weir structure. Therefore, the exhibit shows the proper location 
and orientation of cross sections but not necessarily the cross section length that 
might be described in the reaches. 

Sedimentation 

Requirements established during the initial design phases specify that 241 acre-ft 
of sediment will be accounted for in the hydraulic modeling of the FRS by setting 
a fixed sediment elevation. The elevation will be based upon the volume of 
storage provided by the FRS below the elevation. Based upon the proposed 
flood pool grading, it is estimated that an elevation of 1575.95 feet will provide 
241 acre-ft of storage. The application of a fixed sediment level essentially 
flattens the flood pool by filling in the low flow channel for much of the flood pool. 

Bridge and Culvert Cross Sections 

At skewed bridge crossings, cross sections were adjusted to define an equivalent 
section perpendicular to the flow direction using the skew angle option in HEC- 
RAS. Profile data used for culvert and bridge routines approximate the roadway 
and bridge low cord elevations presented in the plans. 

Bank Stations 

Bank stations for the FRS Reaches are generally set at the top of levee or flood pool 
elevation. In the Freeway Reach, bank stations are set at approximately the outside 
curb or shoulder locations. 

Levee Options 

Generally the HEC-WS levee option is used to prevent water from entering a 
portion of the cross section unless the levee elevation is exceeded. In the project 
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models, the levee option is used occasionally to remove portions of the cross 
section from flow calculations without having to truncate the cross section. 

l neffective Flow Areas 

lneffective flow areas were set at locations where water does not actively convey 
flow. lneffective flow areas are set at the culvert cross sections at McDowell, 
McKellips, and Brown Roads where flow in the wide flood pool cross section is 
constricted to essentially the size of the culvert openings. Other isolated 
locations are defined as ineffective flow areas due to either upstream or 
downstream conditions or geometry. 

ExpansionIContraction Coefficients 

Contraction and expansion coefficients of 0.1 and 0.3, respectively, were 
generally used for the study reaches. At bridge or culvert sections, contraction 
and expansion coefficients of 0.3 and 0.5, respectively, were used. 

Manning's Roughness Coefficients 

For proposed conditions, a Manning's 'n' value of 0.040 was used for the 
reconfigured Spook Hill FRS flood pool. This variable was selected to account 
for proposed modifications within the flood pool for landform grading and 
landscaping. Calculations supporting the proposed condition Manning's 'n' value 
are provided in the Initial Design Report. 

To address concerns that the Initial Design Report Manning's 'n' values were too 
low, supplemental analyses were performed for both the 100-year hydrology and 
the PMF hydrology using a higher Manning's 'n' value of 0.08 across the bottom 
of the flood pool east of the low flow channel and along the east side slopes of 
the flood pool. The sideslopes of the freeway levee and the area west of the low 
flow channel were considered to be areas where landscaping would be severely 
restricted and vegetative growth would be actively discouraged in order to protect 
the integrity of the freeway levee. For these areas, the initial Manning's 'n' value 
of 0.040 was maintained. 

Pilot Channels 

Pilot channels are a modeling option that can help stabilize hydraulic calculations 
in the HEC-RAS model at low flows. The pilot channel area and conveyance is 
used during periods of low flow but when flow rates and channels depths 
increase, the area and conveyance of the pilot channel are ignored. Therefore, 
pilot channels do not impact the hydraulic results in the channel once flow rates 
are sufficient to enable hydraulic calculations to converge on a solution. 

UNSTEADY FLOW DATA 
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Downstream Boundarv Condition 

A downstream boundary hydrograph is necessary to establish flow conditions 
and initial starting water surface elevations for unsteady flow calculations. The 
model developed during the initial design phases of this project and approved by 
the FCDMC utilizes a rating curve to establish the boundary conditions at the 
downstream limits of the flood pool. The rating curve is the combined spillways 
outlet rating curve discussed in Section 3.3.9.3 and establishes the starting water 
surface elevation passed upon the routed discharge at the end cross section. 

Upstream Boundarv Condition 

For unsteady flow calculations, an upstream boundary hydrograph is necessary 
for each analysis reach. For the Upper FRS Reach, the upstream boundary 
hydrograph is the HEC-1 hydrograph for the Signal Butte Spillway. For the 
Freeway Reach, there is no upstream conveyance for the freeway since it does 
not realize flow until the freeway levee is overtopped. However, an upstream 
boundary condition hydrograph must be defined, therefore, a "dummy" 
hydrograph with a constant zero discharge rate is specified. 

Inflow Hvdroaraph Boundarv Conditions 

Hydrographs from the HEC-1 watershed models are imported into the unsteady 
flow data as inflow hydrographs at cross sections along the length of the flood 
pool. Since the HEC-1 models regional watershed models, the subbasin areas 
and hydrographs are generally not subdivided in sufficient detail to provide 
specific hydrograph data for every local inflow point to the flood pool, the inflow 
hydrographs are imported into the HEC-RAS model as "uniform inflow 
hydrographs" which distribute flow uniformly between specified cross section 
locations. For comparison, the HEC-RAS model was also run importing all the 
HEC-1 hydrograph data simply as flow hydrographs (which input all flow at a 
specific cross section). No significant differences were found between the results 
of the analyses. 

Initial Conditions. 

HEC-RAS requires a non-zero initial conditions flow value for the beginning of 
the simulation at the upper end of each reach. A nominal value of 1 cfs was 
used as the initial flow conditions for each reach. 

3.3.13.3 Refinements to 30% HEC-RAS Unsteady Flow Model 

While it was directed that the initial 30% HEC-RAS modeling approach of the Spook Hill 
FRS was to be used for more detailed design, modifications were made to improve 
model stability and decrease calculation time. In addition, refinements were made for 
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changes in flood pool grading and other project changes that might impact the hydraulic 
analysis. The most significant refinements to the HEC-RAS model are described below. 

GEOMETRIC DATA 

Lateral Weirs. 

The number of lateral weirs was reduced to help stabilize the model and 
decrease the model calculation time without significantly impacting calculation 
results. Lateral weirs elevations were also adjusted as necessary to agree with 
new grading data. 

lneffective Flow Areas at Culvert Crossings. 

lneffective flow areas at culvert crossings were revised to define in better detail 
the effective flow of the cross sections as they approach the culverts. This had 
an impact of raising the flood pool water surface elevations over time but did not 
significantly impact maximum waters surface elevations. 

Cross Sections 

As mentioned, new cross sections were cut for changes in the flood pool grading. 
In addition, additional cross sections were added to better model some 
culvertlbridge cross sections and the freeway. 

Fixed Sediment Level Elevation 

Per the 30% Initial Design Report, 241 acre-ft of sediment is to be accounted for 
in the flood pool. A fixed sediment level across the flood pool was to be used to 
account for the sediment volume. It is estimated that with the proposed grading 
to the flood pool, 241 acre ft of sediment volume is obtained at an elevation of 
1575.95. 

Removal of Freewav In-line Weir and Gated Outlet 

A fictional in-line weir with a gated outlet was initially used at the downstream 
end of the Freeway Reach to stabilize the hydraulic model and represent the 
confluence with the flood pool. Instability problems with the freeway reach were 
resolved with the use of pilot channels making the in-line weir and gated outlet 
unnecessary. A new cross section that defines the "inlet" cross section to the 
flood pool was added to the freeway reach. 

Truncation of Cross Sections 

As previously mentioned in the Hydraulic Modeling Data Section, initially, cross 
sections in the FRS Reaches were extended across the Freeway Reach and 
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used to model both reaches. Levees and ineffective flow areas restricted flow to 
the proper reach and to the proper areas. 

For clarity, cross sections were truncated to include only the geometric data 
relevant to that reach. This is primarily cosmetic and did not impact the model 
results. Typically the cross sections were truncated at the freeway levee to 
simplify the geometric data, to clarify the separation between the two reaches, 
and to help define the top of the freeway levee as a lateral weir structure. 

Pilot Channels 

Pilot channels are used for all the reaches. In the FRS Reaches, accounting for 
sedimentation of the flood pool with a fixed elevation creates a flat channel with 
no slope for much of the flood pool making it difficult for hydraulic calculations to 
converge on a solution. A small sloped pilot channel allows hydraulic calculations 
to proceed for low initial flows in the flat flood pool. In the Freeway Reach, the 
vertical alignment of the freeway has adverse slopes which create instabilities. A 
small sloped pilot channel resolves instability problems. 

UNSTEADY FLOW DATA 

Upstream Boundaw Hydrographs 
\ 

For the 30% design model, the upstream boundary conditions hydrographs for 
the Upper FRS and the Freeway Reaches were modified such that the initial 
hydrograph flows were non-zero. This was found not to be necessary. For the 
Upper FRS, the upstream boundary hydrograph was modified to be in complete 

I agreement with the HEC-1 hydrograph. For the Freeway Reach, the dummy 
upstream boundary hydrograph was revised to constantly be zero. These 
modifications have little impact on the overall results of the analysis but do 
represent a refinement of the 30% design model. 

PMF Boundarv Hydrograph at Lower FRS Reach Cross Section 0.370 

For the PMF hydrograph at Lower FRS Reach Cross Section 0.370, the 30% 
design model utilized the 100-year, 24-hour hydrograph. This was corrected and 
the PMF hydrograph was utilized. 

Model Calculation Tolerances 

Instabilities in the 30% design model necessitated the relaxation of unsteady flow 
analysis calculation tolerances from the typical default values. The revised 
hydraulic model and the modifications to increase stability have the additional 
benefit of allowing for tighter tolerances in hydraulic calculations so that default 
values can be used 
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3.3.13.4 Summary of HEC-RAS Unsteady Flow Model Results 

The results of the design analysis indicate that the proposed Spook Hill FRS design will 
restrict the 100-year and PMF flood water surface elevations to below the estimated 
existing Spook Hill FRS flood water surface elevations as determined in the 30% Initial 
Design Report. The proposed freeway levee will protect the freeway from the 100-year 
event. During the PMF event, while flow will discharge from the emergency spillway, 
the FRS will not be overtopped. 

A summary of the existing conditions and the proposed conditions Spook Hill FRS water 
surface elevations are provided in Table 3-3. Supporting calculations and 
documentation for the proposed conditions are provided in Appendix C. Detailed results 
for the 100-year and PMF existing condition hydraulic analyses are provided in the 30% 
lnitial Design Report. 

Table 3-4: Existing vs. Proposed FRS Water Surface Elevations 
FRS Water Surface Elevation I 

Location 

FRS Princiual Suillwav - McDowell Rd 

g FRS 
PMF 
(ft) 

1590.7 

Existi~ 
100-yr 

(ft) 
1581.8 

-- - 

McDowell Rd - McKellips Rd 

McKellips Rd - Brown Rd 

Proposed FRS I Difference 

1582.1 

1583.0 

100-vr I PMF / 100-vr I PMF 

3.3.13.5 Increased Manning's 'n ' Value Analyses 

Brown Rd - Signal Butte Floodway 

As previously mentioned, to address concerns that the Initial Design Report 
Manning's 'n' values were too low, supplemental analyses for both the 100-year 
hydrology and the PMF hydrology were performed using a higher 'n' value of 
0.08 across the bottom of the flood pool east of the low flow channel and along 
the east side slopes of the flood pool. The sideslopes of the freeway levee and 
the area west of the low flow channel were considered to be areas where 
landscaping would be severely restricted and vegetative growth would be actively 
discouraged in order to protect the integrity of the freeway levee. For these 
areas, the initial Manning's 'n' value of 0.040 was maintained. 

The results of the analyses are shown in Table 3-4 in comparison to the existing 
conditions and the proposed conditions (using the lnitial Design Report 'n' 
values). The results indicate that the increase in 'n' values will not raise the flood 

Note- Existing WSELs based upon Spook Hill FRS Technical Reports No. 2 & 3 
Relocated FRS crest elevation set at 1593.5 
Proposed freeway levee crest elevations set at 1582.1 (N of McDowell to McKellips), 
1583.0 (McKellips-Brown) and 1585.0 (Brown to Signal Butte Floodway) 

1585.1 
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pool maximum water surface elevations above the calculated existing conditions 

a flood pool maximum water surface elevations. The results also indicate that the 
increase in the 'n' values does not significantly raise water surface elevations in 
comparison to the proposed conditions analysis. 

It should be noted that the increased Manning's 'n' value analyses are 
supplemental analyses and that the proposed conditions analyses based upon 
the Initial Design Report 'n' values still serve as the basis for the Spook Hill FRS 
design. 

Table 3-5: Increased Flood Pool Manning's 'n' Value Analyses 

~elocated FRS crest elevation set at 1593.5 
Proposed freeway levee crest elevations set at 1582.1 (N of McDowell to McKellips), 
1583.0 (McKellips-Brown) and 1585.0 (Brown to Signal Butte Floodway) 

I 

FRS Principal Spillway - McDowell 

McDowell Rd - McKellips Rd 

McKellips Rd - Brown Rd 

Brown Rd - Signal Butte Floodway 

3.3.13.6 Assessment of Methodology and Model Results 

FRS Water Surface Elevation 

In an attempt to verify the results of the initial 30% design approach to modeling the 
Spook Hill FRS facilities various approaches and preliminary models were investigated 
including: 

Note- Existing WSELs based upon Spook Hill FRS Technical Reports No. 2 & 3 

1581.8 

1582.1 

1583.0 

1585.1 

a HEC-1 flood storage routing model, 
a mass inflow-outflow hydrograph storage analysis, and 
several different HEC-RAS models utilizing different approaches and 
methodologies. 

In nearly all instances, the 30% design approach provided the most conservative results 
in terms of flood pool water surface elevations. Based upon these findings, the results 
of the HEC-RAS Unsteady Flow design model analysis are considered conservative. 

1590.7 

1591.2 

1591.5 

1590.9 

3.3.13.7 Impact of Ultimate Freeway Configuration 

The planned ultimate freeway configuration replaces the unpaved median area with 
HOV lanes. A paved median is not reflected in the Spook Hill FRS hydraulic analysis, 
however, the freeway prism itself would remain essentially the same as indicated in the 

1580.4 

1581.2 

1582.3 

1584.0 
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hydraulic analysis. The possible volume displaced in paving the medians would be 

a negligible compared to the total storage provided by the entire Spook Hill FRS and 
would have little, if any, impact on the operation of the Spook Hill FRS facilities. In the 
future, if additional lanes are added to provide more freeway lanes than the actual 
planned ultimate freeway section. They would likely replace sloped embankments and 
add additional storage to the freeway prism. Still the increased storage volume would 
likely have no significant impact on the operation of the FRS or on the flood water 
surface elevation. 

3.4 SPOOK HILL FRS FLOOD INUNDATION STUDY (FIS) 

In support of the freeway and Spook Hill FRS design, a flood inundation study was 
conducted to assess the extent and magnitude of flooding downstream (west) of the 
FRS should the embankment be breached or should flow pass through the emergency 
spillway in an extreme flood event. The FIS is an update to the existing Spook Hill FRS 
lnundation Study and the Principal Spillway Dam Breach Analysis and will be used to 
revise the Spook Hill FRS Emergency Action Plan (EAP) and help develop the Red 
Mountain Freeway Emergency Response Plan (ERP). 

The FIS presents the results of analyses used to determine the extent and magnitude of 
flooding downstream of the FRS, which would occur from the following four flow 
distribution scenarios: 

1) Flow through the FRS emergency spillway approaches one-third capacity. 
2) Flow through the FRS emergency spillway approaches two-third capacity. 
3) Flow through the FRS emergency spillway at full capacity; and 
4) A breach in the FRS in the vicinity of the principal spillway outlet. 

The results and details of the study are documented in a separate report entitled Red 
Mountain Freeway (202L) Power Road to University Drive Spook Hill Floodwater 
Retarding Structure Flood Inundation Study Progress Report. 

3.5 CONDITIONAL LETTER OF MAP REVISION (CLOMR) 

3.5.1 Existing Floodplain Hazard 

The floodplain for the Spook Hill FRS and the Spook Hill Floodway is delineated as 
Zone A according to Flood Insurance Rate Map (FIRM) No. 04013C2210E1 (dated July 
19, 2001) and FIRM No. 04013C2220E (dated July 19, 2001). A Special Flood Hazard 
Zone A is defined as an area where no base flood elevations have been determined. 

3.5.2 FEMA Submittal 
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The proposed alignment of the Red Mountain Freeway extension will pass over the 

0 Spook Hill FRS at two locations and through the FRS flood pool requiring the partial 
reconstruction of the Spook Hill FRS and the excavation of a new flood pool to maintain 
regional flood protection for the 100-year flood and the Probable Maximum Flood (PMF) 
events. The impact of the project on the regulatory floodplain requires that a 
Conditional Letter of Map Revision (CLOMR) be submitted to the Federal Emergency 
Management Agency (FEMA) for approval to redefine the 100-year floodplain limits. 
The revision of the floodplain limits will ultimately depend upon the approval of the 
CLOMR by FEMA, however, the revised limits are essentially defined by the footprint of 
the new incised flood pool and the freeway levee. 
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0 
4 ONSITE DRAINAGE 

4.1 GENERAL DISCUSSION 

This section summarizes the design criteria, approach, assumptions and analytical 
results supporting the design of the onsite drainage systems for the segment of the Red 
Mountain Freeway between Power Road and University Drive. Drainage systems 
including catch basins and storm drains were designed for the freeway mainline and 
ramps. Drainage systems were also developed for McDowell Road, McKellips Road 
and Brown Road as well as the crossroad roundabouts. 

The freeway drainage system also includes a large pump station at the northwest 
corner of McKellips Road and 76th street. This new pump station will receive runoff 
from the freeway trunk line system and was designed with a long 10'xlO1 RCBC for 
storage. There were also several smaller pump stations that have been designed to 
drain the proposed maintenance underpasses and the Signal Butt Energy Basin. A 
discussion of the pump station designs is provided in Sections 5 and 6. 

Several long and narrow areas exist along the eastbound lanes of the freeway between 
the existing Spook Hill FRS and the proposed freeway. These areas will drain utilizing 
infield ditches and area type inlets. Single, double and triple area inlets were designed 

0 to facilitate draining these isolated locations. Median and infield ditches were designed 
to convey runoff discharges to the area inlets. 

Several detention basins were designed to drain onsite drainage systems that do not 
contribute flow to the pump station or the new flood pool. These detention basins drain 
roadway and area type inlets that are isolated from gravity draining to the pump station 
or the flood pool. 

For the most part, this section of the Red Mountain Freeway passes thru a flood zone. 
in order to accommodate the freeway design a new flood pool and levee system was 
proposed. The result of this design locates the majority of the freeway mainline in 
between the existing FRS and the proposed new levee. Generally the freeway mainline 
will be constructed below grade. Some sections are proposed at grade but these 
sections are still below grade relative to the FRS and the proposed levee. As a result 
onsite systems that could not gravity drain to another source were designed to 
accommodate the 50-year design storm. 

Best Management Practices (BMPs) were developed for discharges from the pump 
station and storm drains that directly discharge into the flood pool. These BMPs were 
developed thru coordination with ADOT and the FCDMC. The FCDMC has accepted 
these proposed BMPs as they relate to the storm water quality of direct discharges into 
the flood pool. 
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4.2 DESIGN CRITERIA AND PROCEDURES 

4.2.1 Catch Basin Design 

Catch basin design criteria for the mainline and crossroads is based on ADOT's 
Highway Drainage Design Manual-Hydrology (1 993) and ADOT's Roadway Design 
Guidelines (1996). The following paragraphs summarize the key assumptions, criteria 
and general design procedures for the catch basin design. 

Rational Method discharge calculations performed for the mainline portion of the 
freeway system were calculated based on the anticipated ultimate lane configuration. 
The ultimate lane configuration was assumed to be a closed (paved) median with traffic 
separated by concrete median barrier. The closed median will accommodate four 
additional lanes along the mainline freeway, one HOV lane and one general purpose 
lane in each direction. 

Inlet hydraulics were calculated using ADOT's computer program PDAI, which 
facilitates the standard pavement drainage methods and procedures outlined in FHWA 
Hydraulic Engineering Circular No. 22, Urban Drainage Design Manual (1996). 
Computer printouts for the individual catch basins can be found in Appendix D. 

Onsite runoff for inlet design was estimated using the Rational Method. A site-specific 
Intensity Duration Frequency (IDF) curve was developed and used for the runoff 

Q calculations. Rainfall runoff was calculated assuming a time of concentration of ten 
minutes for all the inlet hydraulic design. Sub-basin areas were delineated in CADD 
and documented in an excel spreadsheet. Runoff coefficients of 0.95 and 0.70 were 
used for paved and pervious areas respectively. See Appendix F for information on 
Rational Method discharges and associated Rational Method parameters. 

Catch basins located in non-depressed sections were designed for the 10-year storm 
runoff. Inlets located in depressed sections of the corridor were designed for the 50- 
year storm runoff. Bypass flows from upstream catch basins were directly added to the 
subsequent downstream catch basin runoff calculations. In cases when a catch basin 
located on an elevated section contributed bypass flow to a downstream catch basin 
located in a depressed section the 50-year bypass flow was calculated and added to the 
downstream catch basin. 

Maximum spread for the 10-year storm along elevated sections of the mainline and 
ramps with more than one lane included the shoulder and half the adjacent travel lane. 
Maximum spread for the 50-year storm in depressed sections included the shoulder and 
the adjacent travel lane. Maximum spread for depressed ramps with only one lane was 
limited to the shoulder for the 50-year storm. Maximum design spread along the 
crossroads was set to maintain a twelve-foot dry lane in each direction. 

Roadway catch basins are located at all vertical sag low points and sized for 100 a percent interception at acceptable flow depths and spread. Roadway catch basins 
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located on grade are designed to meet acceptable flow depths and spread, and are 
generally sized for 80 percent interception with 100 percent interception at critical 
locations. Roadway catch basins are also located upstream of points with zero percent 
super-elevation, and at gore areas to prevent runoff from concentrating and crossing 
travel lanes. lnlet and catch basin efficiencies conform to ADOT standards and are 
indicated on the inlet program output. lnlet capture ratios were applied to all the inlet 
calculations. These clogging factors directly reduce the inlet efficiencies to yield a 
conservative design. The following capture ratios were applied to the inlet hydraulic 
design. 

Grated inlets, on grade and in sump, capture ratio = 0.50 

Curb inlets, on grade and in sump, capture ratio = 0.80 

Slotted inlets on grade, capture ratio = 0.67 

Slotted inlets in sump, capture ratio = 0.50 

Local inlet depressions were used for many of the inlets designed. Roadway curb and 
grate inlets were generally designed with a one inch local depression. Roadway inlets 
adjacent to concrete barrier were designed without a local inlet depression. 

Generally, catch basin inlets on this project may be classified into two groups, interim 
and ultimate. For the most part, catch basins located on the outside lanes of the 
freeway mainline are in their ultimate location, while catch basins located in the median 
can be removed and replaced by roadway inlets in the future. The exception to this is at 
the extreme north and south ends of the project where the roadway is also proposed to 
be widened on the outside. A few of the catch basins located in these areas will need to 
be removed and relocated in the future. Catch basin locations and storm drain 
alignments have been developed with consideration for the ultimate roadway 
configuration and will be easily modified to the ultimate configuration in the future. 

ADOT approved a design criteria variation for the minimum vertical profile grade for this 
segment of the Red Mountain Freeway from 0.4 to 0.25 percent, which decreases 
spacing between catch basins. Due to the minimal profile grades along the mainline, the 
design of the ramp to mainline transitions becomes tedious. Spread criteria in these 
locations results in inlets being designed very close together. At some locations along 
the westbound ramp to mainline transitions the spread criteria dictates an inlet spacing 
of forty feet and less. In order to avoid undesirable drainage networks andlor numerous 
lateral connections to the trunk line, slotted drain was used to reduce the number of 
inlets and pipe laterals needed. 

For these ramp to mainline transitions inlets were designed and located as usual based 
on the maximum allowable spread. Once the inlets were located, key inlet locations 
were retained and slotted drain was located to extend beyond the next calculated 
upstream inlet(s) location(s). By running the slotted drain past the next upstream 
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inlet(s) construction cost was reduced and the number of inlets and pipe laterals were 
decreased. Inlet hydraulic calculations for these inlets were also included in Appendix 
D and are identified with a "C" scribed inside a circle on the calculation output. These 
inlets identified with the letter "C" inside a circle will not be constructed but will be 
replaced with a long section of slotted drain as aforementioned. To ease the design 
and review process catch basin identification numbers match between the summary 
tables, calculations and plans. Refer to Appendix J for a reduced copy of the drainage 
plans. 

4.2.2 Median and Infield Ditch Design 

Design for the median and infield ditches is based on ADOT's Highway Drainage 
Design Manual-Hydrology (1 993) and ADOT's Roadway Design Guidelines ( I  996). 

Median and infield ditches were designed utilizing Haestad Methods' FlowMaster 
(version 7.0). This computer program facilitates the calculation of Manning's equation. 
Ditches were designed to convey the 50-year rational discharge at an elevation below 
the edge of pavement. An exception to this is catch basin number 142. Due to grading 
constraints this inlet is perched on fill behind barrier and above the adjacent ramp 
grade. For this case the ditch was designed to contain the 50-year discharge below the 
top of the adjacent barrier. 

A roughness coefficient of 0.025 was used in all the calculations to estimate the 
roughness of bare ground. When steep slopes were encountered along the median, 
inlet spacing was reduced to alleviate the potential for high velocities to cause erosion. 
Ditch flow line elevations are indicated on the drainage plans, ditch side slopes can be 
verified from the roadway cross-sections. Hydrology for the ditch design is summarized 
in the median catch basin design summary table located in Appendix D. The 
FlowMaster output for the ditch design can be found in Appendix E. 

4.2.3 Storm Drain Design 

The onsite storm drain design criteria for the mainline and crossroads is based on 
ADOT's Highway Drainage Design Manual-Hydrology (1993) and ADOT's Roadway 
Design Guidelines (1 996). 

The following list summarizes key assumptions and the general design approach for the 
onsite storm drain systems: 

In anticipation of construction of the future HOV and general purpose 
lanes, the storm drain systems are designed to accommodate the future 
pavement runoff. 

Due to the significant impacts associated with relocating the levee in the 
future, the freeway has been designed to build the roadway section at the 
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ultimate width with an extra wide median to accommodate one HOV and 

e one general purpose lane in each direction of travel. 

. To reduce the size of the storm drain trunk lines along the freeway and the 
incoming flows to the storm water pump station at McKellips Road, 
contributing areas with an elevation above the freeway levee are directly 
drained to the new flood pool or detention basins designed for this 
purpose. 

. The onsite drainage system for this segment of the freeway is designed to 
collect and convey both the on and the off-road flows originating within the 
right-of-way corridor, which includes the pervious areas between the 
freeway levee and the Spook Hill FRS. Off-road catch basins collect this 
local drainage and convey the flow using storm drain laterals to the 
freeway trunk line. 

Storm drain systems will not penetrate the Spook Hill FRS without the 
proper filter design to eliminate the possibility of piping. Where possible 
storm drains have been located to avoid penetrating the FRS. 

The tail water elevation used in the StormCad analyses for the freeway 
storm drain system is based on the maximum 50-year operating water 
surface elevation of the pump station. 

@ The proposed pump station implements additional wet well storage to 
reduce the number of pumps. A single cell 10'xI 0' RCBC is proposed 
between the confluence of the freeway trunk lines to the pump station wet 
well to provide both conveyance and storage volume for the pump station. 

Storm drain hydraulic grade lines (HGLs) were computed using Haestad Method's 
StormCAD storm drain analysis and design program (Version 5.0). A site-specific 
Intensity Duration Frequency (IDF) curve was developed and input into the rainfall table 
in StormCAD. The contributing areas and runoff coefficients used for the inlet design 
were entered into the program. 

The time of concentration to the first inlet was calculated for systems that have large 
contributing areas. For systems that have small contributing areas, and a flow time of 
less than ten minutes the time of concentration to the first inlet was set to three minutes. 
Although the time of concentration is less than ten minutes for many of the inlets the 
rainfall intensity defaults to the intensity associated with a time of concentration equal to 
ten minutes. Once the flow time exceeds ten minutes the intensity begins to reduce 
based on the IDF curves. 

There is a slight difference between the StormCAD discharge calculations and the 
runoff calculati&s presented for the inlet design. The reason for this is that the typical 
application of the rational equation assumes that the conversion from acre-inches per 
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hour to cubic feet per second is 1.0000. This is the approach that was used to calculate 
the discharges for the purpose of inlet hydraulics. StormCAD calculates discharges 
using the actual conversion from acre-inches per hour to cubic feet per second, a factor 
of 1.0083. 

Storm drain hydrology was calculated with the same contributing areas as delineated for 
the storm drain inlets. Bypass flows were not accounted for in the storm drain analysis. 
All the runoff that discharges to an individual catch basin was input into the storm drain 
at the inlet location. This approach will result in a slightly conservative storm drain 
design, and eases the calculation and review processes. This assumption is based on 
the concept that the first inlet in a storm drain system will have a bypass flow. By 
assuming no bypass flows for the storm drain analysis, a slightly larger discharge will be 
designed into the system than if bypass flows were accounted for in the analysis. 

Friction losses along with minor losses at manholes, junctions, catch basins and bends 
are calculated based on the HEC-22 energy loss methodology. For the purpose of 
calculating the storm drain hydraulics all storm drains were assumed to be reinforced 
concrete pipe (RCP), and a Manning's roughness coefficient of 0.013 was used. Storm 
drain pipes are numbered and identified similarly in the hydraulic calculations as in the 
drainage plans. Refer to Appendix F for the StormCAD hydraulic analysis output and 
Appendix J for the storm drain plans. 

All storm drains within ADOT right-of-way are a minimum of 24 inches in diameter 

0 unless a special case prohibits their use and then 18-inch diameter pipes are used. For 
storm drains that discharge to the pump station the HGL is designed to be a minimum of 
6 inches below the inlet grate elevation for the 50-year design storm. The remaining 
storm drains discharge to the flood pool, detention basins or the adjoining freeway 
project to the south (University Drive to Southern Ave). The HGL for these storm drain 
system was designed to be at least six inches below the inlet grate elevation for the 10- 
year design storm. 

4.2.4 Detention Basin Design 

The onsite detention basin design criteria is based on ADOT's Highway Drainage 
Design Manual-Hydrology (1 993) and ADOT's Roadway Design Guidelines (1 996). 

Drainage design for this section of the Red Mountain Freeway utilizes two onsite 
detention basins. 

Existing Power Road Detention Basin 

CAP Underpass Detention Basin 

The existing Power Road Detention Basin is located at the north end of the project just 
west of Power Road. The portion of the mainline west of the Spook Hill FRS is isolated 
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and is designed to drain into the existing drainage basin. This existing drainage basin 

a was graded with the previous section of the Red Mountain Freeway (Higley to Power). 
Based on the as-built plans this detention basin was designed to drain utilizing an area 
inlet fitted with a seven inch orifice plate. This inlet then drains into the existing storm 
drain system located under Power Road Ramp B. 

The hydrology and routing design for this existing basin was researched but not found. 
In the absence of a previous design the existing basin volume was estimated from the 
as-built plans and the contributing area was measured. The 10-year discharge into the 
basin was calculated using the Rational Method. The peak discharge was then 
distributed using the urban SCS hydrograph following procedures outlined in ADOT's 
Highway Drainage Design Manual-Hydrology (1993). Analysis indicates that the basin 
will drain in 36-hours utilizing the existing seven inch orifice plate. Volume calculations 
prove the existing estimated volume in the Power Road Detention Basin is more than 
adequate for the 10-year runoff volume reaching the drainage basin. The calculated 
runoff volume reflects drainage from the previous project and the additional flows added 
by the design of this project. 

The freeway section between the end of the south CAP Canal Bridge and the CAP 
underpass creates an isolated area. Roadway drainage in this area is collected in a 
detention basin located in the west right-of-way. This detention basin located adjacent 
to the CAP underpass was designed similarly to the analysis of the existing Power Road 
Detention Basin, using the Rational Method and the SCS approach for a 10-year storm. 

0 This basin was designed to drain within 36 hours utilizing a seven inch orifice plate 
located inside an area inlet. The area inlet then drains to a storm drain system located 
under the CAP Underpass. The graded volume provided in the CAP Underpass 
Detention Basin is greater than the calculated runoff volume. This basin was graded 
with 3:l side slopes and a bottom that slopes to the outlet at about 1 percent. Refer to 
Appendix G for the detention basin runoff volume calculations and the detention basin 
volumes provided. Refer to Appendix J for the detention basin plans. 

The existing Power Road Detention basin was partially constructed on fill with a levee 
separating the detention basin and the depressed portion of Power Road Ramp B. 
Overtopping of this basin would result in the runoff volume flowing into the Power Road 
Ramp B sump. Similarly in the event that the CAP underpass detention basin was to 
overtop, the flow would be contained within the CAP underpass. 

4.3 PROPOSED DRAINAGE & ROADWAY IMPROVEMENTS 

Onsite drainage facilities for the freeway corridor and crossroads include ADOT 
standard curb and gutter, graded ditches, grated catch basins, slotted drain, median 
catch basins, curb opening catch basins, scuppers, storm drain pipe, pump station 
storage box, mainline pump station, and several smaller pump stations. 

Final Drainage Report -- Addendum Page 51 of 74 



Final Drainage Report - Red Mountain Freeway (SR 202L) Power Road to University Drive 

The major onsite drainage systems for this segment of the Red Mountain Freeway are 
summarized below: 

The north mainline storm drain system from the north Power RoadICAP 
Canal Bridge to McKellips Road varies in size from 24-inches to 78-inches 
in diameter. In addition to collecting mainline pavement drainage, the 
drainage system also collects runoff from a portion of McDowell Road, 
McDowell Ramps C and D, McKellips Road Ramps A and B, and the 
infield areas between the freeway levee and the Spook Hill FRS. 

The south mainline storm drain system begins south of Brown Road near 
the FRS crossing and conveys runoff north to McKellips Road. The 
system varies in size from 24-inches to 96-inches in diameter. In addition 
to the mainline pavement drainage, the drainage system also collects 
runoff from a portion of McKellips Road, McKellips Ramps C and D, Brown 
Road, Brown Road Ramps, and the infield areas between the freeway 
levee and the Spook Hill FRS. 

These north and south mainline storm drains comprise the trunk line 
drainage system. Both storm drains flow into the new 15401x1 O'x10' RCBC 
(pump station storage box). 

Portions of the pump station storage box were realigned to follow an 
alignment similar to the storm drain trunk line. Aligning the storage box 
along the route of the storm drain trunk line eliminates 885' of large 
diameter storm drain and a large junction structure. 

Between the FRS to the south CAP Canal Bridge, runoff is collected in a 
series of laterals that discharge to a drainage ditch which conveys runoff 
to the CAP detention basin; upstream of CAP Overchute No. 1. 

The drainage system between the CAP Canal and University Drive is a 
continuation of the drainage system provided with the University Drive to 
Southern Avenue project. The storm drain trunk line conveyance system 
consists of 24-inch to 30-inch diameter pipes. 

Roadway drainage for the segments of McDowell and McKellips Roads 
west of the CAP canal will be allowed to flow westward in the streets. 
Drainage will be intercepted by catch basins connected to the City of 
Mesa storm sewer systems west of Power Road. The City of Mesa has 
accepted increased flows arriving at the McDowellIPower Roads and 
McKellipsIPower Roads intersections. 

For that portion of Brown Road west of the west roundabout circle, 
pavement drainage will be directed to catch basins located near the 80" 
Street intersection. These catch basins will be connected to the City of 
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Mesa storm drain system that terminates just east of the 8oth street 
intersection. At the 30% design phase, several catch basin systems were 
located from the west roundabout to Brown Road. These systems 
intercepted runoff and directed flows to the existing detention basin 
situated in the southeast quadrant of 8oth Street and Brown Road. In the 
final design process the City of Mesa elected to forego this option since 
the existing detention basin would need to be enlarged to handle to 
increased flows to it. The City of Mesa has agreed to the proposed catch 
basin configuration and the increased flows that will arrive at the 8oth 
Street intersection. 

For the east legs of McDowell, McKellips, and Brown Roads, pavement 
drainage will be collected by a series of catch basins and conveyed to the 
flood pool by a system of small diameter pipes 

This section of the Red Mountain Freeway begins immediately west of Power Road and 
passes over Power Road, the CAP canal, and the Spook Hill FRS. Once the mainline 
has passed the Spook Hill FRS the profile dives down into the existing flood pool. The 
mainline then rolls thru several gentle vertical curves as it passes under McDowell, 
McKellips and Brown Roads. After passing under Brown Road the Mainline climbs over 
the Spook Hill FRS and the CAP canal and then dives down passing under University 
Drive. This section of the Red Mountain Freeway terminates just short of University 
Drive. The proposed mainline typical sections consist of three to four 12-foot travel 

0 lanes in each direction with shoulders varying from 10 to 12-feet. Auxiliary lanes were 
added between some of the cross roads varying the number of lanes from four to five. 

The proposed McDowell Road profile passes over the existing CAP canal and FRS, and 
the proposed mainline and flood pool. Freeway ramps are located on the south side 
McDowell Road. The proposed McDowell Road typical section consists of three I I-foot 
travel lanes and a 6-foot bike lane in each direction. 

The proposed McKellips Road and Brown Road profiles pass over the existing CAP 
canal and FRS, and the proposed mainline and flood pool. Freeway ramps are located 
on the north and south side of each cross road. The proposed typical sections consist 
of three I I-foot travel lanes, 6-foot bike lane in each direction for both McKellips Road 
and Brown Road. 

4.4 STORM WATER QUALITY 

4.4.1 Storm Water Quality Background 

With regard to storm water quality, ADOT has a Municipal Stormwater permit on file with 
the Arizona Department of Environmental Quality (ADEQ) as part of the Arizona * Pollutant Discharge Elimination System (AZPDES) program. As part of this permit 
ADOT is responsible for ensuring all new facilities constructed by ADOT are in 
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compliance with the provisions of the permit. In conjunction with the ADOT permit, the 
FCDMC also has an AZPDES permit for their municipal separate storm sewer systems. 
As part of this permit, FCDMC has a water quality program which allows the FCDMC to 
make reasonable conditions for and restriction on discharges entering or connecting to 
District structures. Since 1999, FCDMC has imposed "first flush" as a minimum 
standardlrequirement upon any entity connecting to a District structure. 

For this project ADOT will discharge freeway stormwater into the Spook Hill Floodwater 
Retarding Structure (FRS) flood pool. The flood pool stretches from the freeway north 
FRS crossing, east of Power Road, to the freeway south FRS crossing, about % mile 
southeast of Brown Road. Freeway stormwater will either be routed through the pump 
station at McKellips Road or discharged directly into the flood pool. The pump station 
will discharge stormwater via a 90-inch diameter pipe into the FCDMC flood pool just 
north of McKellips Road. At various locations along the freeway stormwater will be 
discharged directly into the flood pool via small diameter (24-inch) pipes. 

4.4.2 BMP Measures Implemented 

The implementation of best management practices (BMPs) for storm water quality on 
this project is provided with both non-structural as well as structural measures. 

The non-structural measures include the following: 

Public Outreach and Education, 

Environmental Training for ADOT Construction & Maintenance Staff, 

Highway and Street Sweeping Program, 

Debris and Litter Pick-up, 

Hazardous Materials Spill Response Team, 

Storm Sewer System Maintenance, 

Outfall Inspection, and 

Pump Station Maintenance 

A description elaborating on the details for each of the above non-structural measures 
can be found in the letter addressed to the FCDMC from ADOT on December 6, 2004. 
See Appendix F. 

Specific structural measures for storm water quality that are implemented on this project 
include: 

McKellips Road Main Pump Station Operation 

Storm Sewer System 
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Concrete Pad at Principal Spillway Inlet 

Signal Butte Energy Dissipation Basin & Lift Station 

4.4.3 McKellips Road Main Pump Station Operation 

For the McKellips Road pump station several features are incorporated in the design 
that improve storm water quality. Among these are the pump station storage box, the 
inlet bar rack, and the wet well itself. The storage box to the pump station is 1500 feet 
of loft X loft box culvert constructed on a very flat slope (0.001 ft/ft). Sediment and 
debris will settle in this chamber as a result of relatively slow velocities through the 
structure. The inlet bar rack within the wet well screens out mid-size (2-inch in 
diameter) and larger debris from the storm water before it arrives at the pump inlets. 
The wet well is also a part of the BMP system since smaller storm event volumes are 
held here when none of the large main pumps turn on, (The wet well volume below the 
main pump ON elevation can only be evacuated by the manually operated nuisance 
pump). 

Another feature of the pump station that provides water quality treatment is the 
combustible gas detection system. This system prevents pump start-up or shuts down 
the pump operation when a hazardous spill occurs or when flammable liquids or gases 
are detected in the wet well. This allows for proper clean-up of the spill before pumps 
are put back in operation. 

4.4.4 Storm Sewer System 

The storm sewer trunk lines that connect to the storage box also provide an opportunity 
for sediment and debris to fall out of the storm water. As with the storage box, the 
storm drain trunk lines (a total of 2.5 miles long), which are comprised of pipe ranging 
from 60-inch to 96-inch in diameter, are designed at a 0.001 #ft slope. 

At various locations along the freeway, storm water from the freeway is routed directly 
into the flood pool. There are 16 locations where 24-inch diameter pipes discharge flow 
to the flood pool. These pipe systems are connected to 33 catch basins that intercept 
runoff from freeway and cross road pavement areas or median areas. The BMP feature 
of these systems will be a deepened catch basin to create a sump condition inside the 
structure. In addition, for each of the direct discharge systems to the flood pool, the last 
catch basin or inlet in line will be fitted with a hinged flap gate over the outlet pipe. This 
flap gate will be designed to trap floatable debris in the catch basin while encouraging 
larger debris to settle in the catch basin sump volume. See Detail D21 Appendix J. 

4.4.5 Concrete Pad at Principal Spillway 

At the northern end of the Spook Hill FRS, the downstream end of the flood pool 
system, the current principal spillway intake arrangement traps most debris and 
sediment in the flood pool area. Currently it is difficult to maintain and access this area 
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with maintenance vehicles. This project will improve these conditions by constructing a 

0 50ft X 50ft concrete pad at the principal spillway inlet. This improvement will 
accommodate a maintenance vehicle and allow easier clean-up of debris. 

4.4.6 Signal Butte Energy Dissipation Basin Lift Station 

Other improvements that will be constructed with this project to improve water quality 
are the installation of lift station at the Signal Butte energy dissipation basin and the 
construction of an access ramp to the basin bottom. The dissipation basin was built to 
provide a pool to dissipate energy from flows exiting the Signal Butte floodway U- 
channel. The dissipation basin is a grouted riprap lined structure built at 2:l sideslopes, 
covering about 0.43 acres, and 20 feet deep. Since the lower 1 I feet of this basin was 
built below grade, storm water cannot positively drain from this area. This creates an 
undesirable condition of standing water making it an ideal environment for vectors, such 
as mosquitoes, to survive. 

With the addition of the lift station at this location the entire volume of the basin will now 
be pumped out to the flood pool low flow channel. The concrete access ramp will allow 
for maintenance crews to easily clean debris and sediment from the basin bottom. 

4.4.7 Criteria 

As mentioned previously the FCDMC uses "first flush" as a minimum requirement with 

0 respect to treating storm water. The term "first flush" refers to the treatment of the first 
% inch of rain over the concerned watershed for a given storm event. Storm water can 
be treated on either a volume or flow rate basis. 

The criteria used by FCDMC to determine the volume of storm water needed to be 
captured for the "first flush" is: 

V = CPA 

Where: V = Total runoff volume 
C = Runoff coefficient (assumed to be 1) 
P = Total precipitation in inches 
A = Area in acres 

For this project the contributing watershed to the pump station is 147 acres. Using the 
above formula yields 

V = 1 *(0.5/12)*146 = 6.08 ac-ft 

For this project the volume provided for treatment of storm water flows is the combined 
volume of the pump station wet well (82,322 cu. ft.), pump station storage box (154,OO 
cu. ft.), and the large diameter trunk lines (464,244 cu. ft.) to the storage box. The 

e aggregate volume for these improvements total 700,566 cu. ft. or 16.08 ac-ft. The dead 
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storage volume, (dead storage is the maximum volume in the wet well before the first 

e main pump is called ON), is about 25,300 cu. ft or 0.6 acre-ft. 

4.5 BRIDGE SCOUR 

The bridges for McDowell, McKellips, and Brown Roads are all positioned within the 
Spook Hill FRS flood pool. As such these structures will be subjected to flood waters 
for the 100-year and PMF events. The Initial Drainage Report recommended that the 
bridge piers and abutments for both the McKellips Road and Brown Road be protected 
from scour with slope paving and cut-off walls. This concept was carried forward in the 
final design of these structures. 

For the McDowell Road bridge the scour protection treatment was similar to that 
provided at the other two cross roads. Except that instead of slope paving (3% -inch 
thick) the McDowell Road system of scour protection will be a 6-inch reinforced 
concrete floor that will cover the area between the east abutment wall to the west 
abutment wall. The freeway itself will be the concrete floor for the bottom portion of the 
cross section. For this system of reinforced concrete floor the cut-off walls will extend to 
a depth of 6 feet. This system of concrete flooring is recognized by ADOT as a proven 
means to effectively prevent scour from occurring at bridge abutments and piers. The 
basis for utilizing a concrete floor for scour protection is cited in the Federal Highway 
Administration's Publication No. FHWA NHI 01-003, March 2001, Bridge Scour and 

0 Stream Instability Countermeasures, Experience, Selection, and Design Guidance, 
Second Edition. 

The Power Road bridge over the CAP canal will be subjected to scour from flows 
overtopping the emergency spillway for very large storm events such as the PMF. The 
initial design recommended the pier columns and abutments for this bridge be founded 
on drilled shafts. The bridge substructure will be ten-foot diameter columns supporting 
straddle bents and six-foot diameter columns supporting the remaining structure. This 
concept was carried forward through the final design of this bridge. The drilled shafts 
will be set below the predicted scour as cited in the DMJM Initial Drainage Report. 
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5 McKELLlPS ROAD PUMP STATION DESIGN 

5.1 GENERAL OVERVIEW & DISCUSSION 

The freeway pump station is located northwest of the corner of the McKellips Road and 
76th Street. The pump station will handle onsite flows for the depressed portion of SR 
202L from approximately McDowell Road to a quarter mile south of Brown Road and 
some offsite flows from the cross roads of McDowell, McKellips and Brown. 

The freeway storm drainage system discharges into a long 10' x 10' x 1540' reinforced 
concrete box culvert that serves as additional storage for the pump station. The RCB 
culvert discharges into the pump station wet well which also provides storage for the 
pump station. 

The pump station structure, number of pumps and pump sizes are based on previous 
design configurations and methods used by ADOT for other pump stations in the 
metropolitan Phoenix area. The pump station consists of four levels with the engine 
room at ground level and the wet well at the lowest level. The pump station has five 
main pumps designed to pump the inflow hydrograph associated with the freeway 
drainage runoff for the' 50-year design storm event. A smaller manually operated 
submersible pump will be used to pump nuisance flows associated with small storm 
events or to pump water remaining in the wet well after a larger storm event has 
occurred. 

Storm water from the wet well will be pumped vertically through 30" diameter pipes to a 
discharge box on the third level of the pump station. A 96" RGRCP pipe will drain the 
discharge box to the Spook Hill FRS flood pool. 

All supporting calculations and documentation for the pump station design are provided 
in Appendix H. Design plans for the pump station and the RCB culvert are provided in 
the project drawings. 

I 5.2 PUMP STATION INFLOW HYDROGRAPH 

The required capacity, design and operation of the pump station are dictated by the 
hydrograph of drainage runoff collected into the freeway storm drain system. A 
hydrologic analysis of the freeway drainage areas was performed using the Rational 
Method routed through the freeway storm drain system. The estimated peak discharge 
and time of concentration for the storm drain system at the pump station was then used 
to derive a synthetic hydrograph based upon the Baumgardner Method II for 
Determining Design Inflow Hydrographs - Rational EquationISCS Hydrograph Method, 
as described in ADOT's "Storm Water Pump Station Design Documents, Volume I, 

0 Design Guidelines", dated 1 99 1 . 
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0 Based upon the routing of storm water through the storm drain system, the estimated 
50-year peak discharge at the pump station is 414 cfs with a time of concentration of 
0.73 hrs. Using the Baumgardner Method, these translate to the derived synthetic 
hydrograph shown in Figure 6-1 with a peak discharge of 414 cfs and a time to peak of 
approximately 2.6 hours. 

0 1 2  3 4 5  6  7 8 9 I 0 1 1  1 2 1 3 1 4 1 5 1 6 1 7  
Time (hours) 

Figure 5- I:  Pump Station lnflo w Hydrograph 

5.3 STORAGE 

Storage for freeway drainage system and the pump station is provided by the pump 
station wet well and a 10' x 10' x 1540' reinforced concrete box culvert. The utilization of 
a long RCB culvert and increased storage capacity for the pump station reduces overall 
project costs by: 

reducing the necessary size of the wet well; 
increasing storage thereby reducing the number of pumps required; 
reduced pump cycling; 
higher water surface elevation ranges before engaging additional pumps and; 
doubling as a conveyance line, the RCB culvert eliminates the need for an 
additional I540 feet of storm drain pipe. 
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An iterative process between inflow, storage and outflow was utilized in order to 
estimate amount of storage necessary for the pump station design. While additional 
storage would be provided by pipes in the freeway storm drain system, the estimated 
available storage to the pump station is limited to the wet well and the RCB culvert. The 
stage-storage capacity of the culvert and wet well are summarized in Table 6-1. 
Supporting calculations and documentation are provided along with in Appendix H. 
Pump station and storm drain profile sheets are provided in the design plans. 

5.4 DISCHARGE BOX 

Five 30-inch diameter DIP discharge pipes from the mixed flow pumps, and a 12-inch 
diameter DIP discharge pipe from the submersible pump, carry flow to the discharge 
box. The box is a 73 ft long rectangular concrete box that is divided in two lengthwise 
by a baffle wall. The baffle wall is used to stabilize the head on the outlet pipes and 
acts as a discharge weir into the other side of the discharge box which is a concrete 
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rectangular channel parallel to the baffle wall that drains to a 96" RCP outlet that 
discharges to the flood pool. The top of walllweir crest elevation and the size of the 
receiving rectangular channel are set to ensure that the baffle wall would operate in a 
non-submerged weir condition. 

The baffle wall is 73 feet in length and the top of the wall is set at 1588.90 feet. The 
baffle walllweir was sized using the standard weir equation: 

where: Q = weir capacity (cfs) 
C = weir coefficient (assumed 3.33 for sharp crested weirs) 
L = weir length (feet) 
H = depth of flow on weir crest (feet) 

Given a maximum discharge of approximately 300 cfs and a weir length of 73 feet, the 
estimated head on the weir is approximately 1.15 ft for a maximum water surface 
elevation in the discharge box of 1590.05 feet. 

The receiving rectangular channel is 10 feet wide and has a slope of approximately 
0.0137 Wft. At 300 cfs the flow depth would be less than 2 feet or more than 4 feet 
below the weir crest ensuring an unsubmerged weir condition. 

5.5 PUMPING SYSTEM 

5.5.1 Main Pumps 

The five main pumps are mixed flow pumps operating in parallel at 880 RPM with a 
nominal diameter of 30" and a pump capacity of 24,000 GPM (53.5 cfs). Natural gas 
fueled engines will drive the pumps and lift water vertically 502 feet. There are no 
planned backup pumps or engines. 

ADOT Pump Maintenance personnel do not desire the pump stations to be 
automatically "renumbered" after each onloff cycle. The No. I pump will remain the No. 
1 pump until such time as it is manually changed. Personnel also do not desire to have 
the pump engines warmed up in advance of the need to pump. Consequently, due to 
the lag time between engine activation and actually pumping begins, additional storage 
required to handle the sharp increase in flow to the pump station during the rising limb 
of the inflow hydrograph. 

5.5.2 Pump Engines 

The specifications for the pump engines are contained in the special provisions. 
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5.5.3 Low Flow Pump 

A manually operated electric submersible pump operating at 1170 RPM with a nominal 
diameter of 12" and a pumping capacity of 2,300 GPM (5.12 cfs) will be used to pump 
water remaining in the wet well below the activation level of the main pumps. There will 
not be a back up generator or ventilation fans for the low flow pump. 

5.5.4 Main Pump Stage-Discharge Curves 

To evaluate the operation of the pump station, the operating capacity of the pumps must 
be determined throughout the range of wet well water surface elevations. The 
operational stage-discharge capacity of each pump depends upon the pump 
performance curve and the system curve. 

Pump performance curves are provided by the pump manufacturer and are specific to 
the pump model, configuration and operational characteristics (such as RPM). The 
pumping curve shows the discharge capacity of a pump based upon the amount of 
head produced by the pump (pumps discharge less when required to produce higher 
head). 

The system curve indicates the amount of head a pump must overcome to maintain a 
specific flow rate in the overall discharge system and is dependent upon static head 
(elevation change), velocity head, and system losses such as pipe friction and other 
minor losses (expansion/contraction, fittings, valves etc). Together these factors are 
called the total dynamic head (TDH). Pump losses are accounted for in the pump 
performance curves themselves. The total dynamic head of a system increases as 
discharge increases. 

When pump and system curves are plotted on the same graph, the intersection of the 
curves represents the point at which the head produced by the pump is just the amount 
needed to overcome total dynamic head of the system. However, while the water 
surface elevation in the discharge box will remain relatively stable during the operation 
of the pumps, the water surface elevation in the wet well will vary significantly. 
Therefore system curves must be developed across the range of expected wet well 
water surface elevations in order to determine the operational discharge of the pumps 
as the water surface elevation in the wet well changes. 

Figure 6-2 shows the pump operation curve for each main pump. Supporting 
calculations and documentation for the design, operation and capacity of the pumps 
provided in Appendix H. The pump station design and configuration is provided in the 
design plans. 
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Pump Discharge (cfs) 

Figure 5-2: Single Pump Operating Discharge Curve 

5.5.5 Engine Warm-Up Cycle 

The five main pump engines require three minutes of warm-up before engaging the 
pumps. The warm-up cycle allows engine components to be brought up to operating 
temperature and helps minimizes engine wear. The warm-up time is accounted for the 
in analysis of the operation of each pump in the pump station. 

5.6 PUMP STATION ROUTING METHODOLOGY 

The routing of the inflow hydrograph from the freeway storm drain system through the 
pump station was modeled by using Visual Basic macros in a Microsoft Excel 
spreadsheet. An iterative process using the spreadsheet model is necessary to 
determine storage requirements, pumping requirements and acceptable onloff 
elevations for the pump engines that will meet the design requirement of pumping the 
50-year inflow hydrograph to the pump station. 

The spreadsheet models the relationship between the inflow hydrograph, storage, and 
pumping rate (outflow hydrograph) for the five main pumps at specified time intervals. A 
time step interval of 9 seconds (0.0025 hours) was used in calculating the inflow versus 
pumping rate for a particular amount of storage in the system. A 9 second time step 
interval is sufficient to provide a reasonable instantaneous estimation of the inflow and 
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1 outflow hydrographs. A smaller time step would be too burdensome for spreadsheet 
calculations. 

At each time interval the spreadsheet model determineslcalculates: 

I The inflow rate from the inflow hydrograph; 

The wet well/RCB storage volume based upon inflow and outflow 
calculations for the pump station; 

The water surface elevation in the wet well based upon the stage-storage 
in the wet well and the RCB culvert) 

Whether each separate pump engine should be operating based upon the 
wet well water surface elevation and set onloff elevations for each pump 
engine; 

Whether each separate pump is engaged based upon whether the pump 
engines are operating and the warm-up time necessary prior to engaging 
the pumps; 

The outflow rate based upon the pump operation curves and the wet well 
water surface elevation. 

@ The spreadsheet model used for the iterative process of determining an adequate 
hydrograph routing through the pump station along with supporting calculations and 
documentation are provided in Appendix H. 

5.7 RESULTS 

The peak inflow of 414 cfs occurs at 2.6 hours after the initiation of the storm event. 
The maximum water surface in the wet well is approximately 1561.59 feet. That 
corresponds to a maximum storage volume of approximately 221,700 ft3 (5.1 acre-ft). 
The peak pumping outflow rate for the five pumps is approximately 298 cfs occurring 
approximately 2.9 hours after the initial storm runoff occurs. 

A summary of the pump operations and configuration is provided in Table 6-2. The 
pump station inflow and outflow hydrographs are shown in Figure 6-3. Supporting 
calculations and documentation are provided in Appendix H. 
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Table 5-2: Pump Operational Characferisfics 

Descri~tion 

I I I I I 

Note: ' ~ a s e d  upon the first 6 hours of the storm event. 

Pump 
No. 1 I No. 2 1 No. 3 1 No. 4 1 No. 5 

2 3 4 5 6 
Time (hrs) 

On Elevation 
Off Elevation 
Max. Pump Capacity 
Max. Pump Run ~ i r n e l  

Figure 5-3: Inflow/Outflow Hydrographs from Pump Station Analysis 

1551.5 ft 
1548.7 ft 
60 cfs 

92 min. 

1550.5 ft 
1548.7 ft 
60 cfs 

216 min. 
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62 min. 
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1 6 LIFT STATION DESIGNS 

I * 
6.1 GENERAL OVERVIEW & DISCUSSION 

Several small lift stations were designed to drain standing water from problem areas 
which cannot be drained by gravity. Lift stations are necessary to drain several 
equipment underpasses along the CAP canal and the FRS. Another small lift station 
was designed to drain the Signal Butte energy dissipation basin. 

6.2 SIGNAL BUTTE ENERGY DISSIPATION BASIN LlFT STATION 

As previously cited in the Storm Water Quality section of this report the Signal Butte 
energy dissipation basin will be improved by addition of a lift station. This station will 
de-water the 11 feet of below grade volume of the existing basin. The pump used to de- 
water the basin is a 550 gpm pump that will discharge to the low flow channel. The size 
of the pump was determined by requiring that the depressed basin volume of 152,588 
cubic feet is pumped within 36 hours. The design and supporting calculations of the lift 
station is provided in Appendix I. 

1 6  6.3 EQUIPMENT UNDERPASS LlFT STATIONS 

Small lift stations are necessary to drain nuisance water that will collect in five 
equipment underpasses that provide unimpeded maintenance access along the CAP 
canal through the major cross roads and the Red Mountain Freeway. The five 
equipment underpass locations are: 

CAP LT Equipment Underpass (SR202/McDowell) 
CAP RT Equipment Underpass (SR202IMcKellips) 
CAP LT Equipment Underpass (SR202/McKellips) 
CAP LT Equipment Underpass (SR202/Brown) 
Spook Hill FRS Equipment Underpass (202L Med Cst CL Station 1268+90) 

The drainage system for each equipment underpass is similar in design and consists of: 

a trench drain to capture drainage 
a 36" open grate manhole to capture & store drainage 
a 6" DIP drainage connection from the manhole to the lift station 
a 60" RCP manhole with a submersible 80 gpm pump and a 2" discharge 
and a 3" PVC force main outlet pipe with a grouted riprap discharge chute 

The design and supporting calculations of the lift stations are provided in Appendix I. 
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7 SUMMARY 

The Red Mountain Freeway (SR 202L) is part of the MAG Regional Freeway System 
and will connect 1-10 to the Superstition Freeway (US 60) just west of Ellsworth Road. 
This 4.5-mile segment extends from Power Road on the north to University Drive on the 
south. The freeway alignment passes over the Spook Hill Floodwater Retarding 
Structure (FRS) at two locations and through the FRS flood pool and will require 
significant off site drainage and flood control improvements to ensure the Spook Hill 
FRS will, at a minimum, provide the current level of flood protection to the area. 

Drainage improvements for this segment of the freeway can be separated into offsite 
improvements which primarily consist of modifications to the Spook Hill FRS facilities, 
onsite improvements consisting of the freeway drainage system, and the pump station 
which drains the freeway drainage system into the Spook Hill flood pool. 

7.1 OFFSITE DRAINAGE IMPROVEMENTS 

The existing Spook Hill FRS, located primarily between the freeway and the CAP Canal, 
will remain intact but will require reconstruction when necessary to maintain the integrity 
of the structure and to ensure the existing level of flood protection is maintained. 

A levee will be constructed between the freeway and the flood pool to protect the 
freeway from the 100-year flood event. For larger rainfall events, the levee will be 
overtopped and the freeway prism will serve to provide additional floodwater storage. 

The flood pool will be regraded and a new low flow channel constructed to convey 
drainage to the principal spillway outlet. 

At each crossroad new 2-14'x16' RCB culverts will be constructed. One culvert will be 
located in the low flow channel for drainage. The other culvert will be set at a slightly 
higher elevation and tied into a trail system to provide equestrian and pedestrian access 
across the roads. 

The Spook Hill Floodway near the principal spillway will be realigned and a new 
principal spillway outlet for the flood pool will be constructed. The existing principal 
spillway will be removed and a portion of the existing floodway will be backfilled to 
complement the new floodway alignment to the new principal spillway outlet. 

Along the east side of the flood pool, a drainage ditch (located at the top of the slope) 
will collect offsite drainage and convey it to new flood pool inlets sized to accommodate 
contributory runoff. 

The Las Sendas channel will be modified to transition from a soil cement trapezoidal 
channel into a rectangular concrete section and a baffled chute spillway into the flood 
pool and a 4-12'x8' RCBC across the channel will be constructed. 
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a The 86th Street channel will be modified to include a channel transition from a 
trapezoidal section to a rectangular channel section, a concrete drop structure and a 
RCBC culvert that discharges into the flood pool. 

At the south end of the project where the proposed freeway alignment crosses over the 
CAP canal just south of an existing CAP drainage overchute, a 2 acre-ft detention basin 
will be constructed between the freeway and the CAP Canal. This will attenuate the 
peak discharge from the freeway prior to discharging to the CAP Canal overchute and 
Detention Basin No. 1. Drainage ditches along the east side of the freeway will convey 
runoff to a 6'x6' RCBC. The RCBC will pass under the freeway to drain the existing 
contributing watershed to the CAP overchute. 

At the south end of the project, the east channel constructed as part of the segment of 
the Red Mountain Freeway south of University Drive, will be extended to the north to 
intercept and convey runoff for areas south of the CAP Canal 

7.2 ONSITE DRAINAGE 

Due to the flat profile grades along the mainline, the design of the ramp to mainline 
transitions becomes tedious. Spread criteria in these locations results in inlets being 
designed very close together. In order to avoid undesirable drainage networks andlor 

e numerous lateral connections to the trunk line, slotted drain was used to reduce the 
number of inlets and pipe laterals needed. For these ramp to mainline transitions inlets 
were designed and located as usual based on the maximum allowable spread. Once 
the inlets were located, key inlet locations were retained and slotted drain was located 
to extend beyond the next upstream inlet(s). By running the slotted drain past the next 
upstream inlet(s) construction cost was reduced and the number of inlets was 
decreased. 

The storm drain system between the south CAP Canal crossing to University Drive 
connects to the University Drive to Southern Avenue drainage system. The design of 
this storm drain system was coordinated with the design of the University Drive to 
Southern Avenue section. In order to minimize drainage discharges to the next section 
of the Red Mountain Freeway several design changes were implemented. First, catch 
basins were relocated in order to minimize the amount of runoff reaching the southern 
section. Second, a detention basin was designed to impound flows reaching the 
southern section; essentially lowering the peak discharge experienced at the project 
interface. Third, an orifice plate was added to the catch basin draining the CAP 
underpass. Again reducing the peak discharge realized at the southern project 
interface. 

The CAP underpass drainage basin is designed to be perched above the CAP 
underpass behind a retaining wall. In the event that the CAP underpass detention basin 
was to overtop, the flow would be contained within the CAP underpass. The existing 
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Power Road Detention basin was partially constructed on fill with a levee separating the 
detention basin and the depressed portion of Power Road Ramp B. Overtopping of this 
basin would result in the runoff volume being contained in the Power Road Ramp B 
sump. 

A roadway edge sump exists adjacent to the eastbound lanes at 202L Median Station 
1266+98. This edge sump is created by the roadway cross slope changing from 2 to 5 
percent thru a roadway section with minimal longitudinal grade. This edge sump is 
isolated between the Spook Hill FRS, Spook Hill FRS Underpass and a noise wall. In 
order to drain the low point, a catch basin was located down station from the sump and 
100' of slotted drain was designed to connect the low point and the catch basin. This 
configuration was adopted to avoid penetrating the Spook Hill FRS with the lateral storm 
drain pipe. 

During the early design phase for the 60% submittal the pump station storage box was 
evaluated to see if any cost savings could be realized from an alternative design to what 
was proposed in the 30% submittal. By changing the storage box from a four cell to a 
single cell the box length was extended. The extended box was partially located within 
the proposed trunk line alignment. This change in the storage box configuration 
eliminated a large junction structure and over 885' of large diameter trunk line pipe. 

The new mainline pump station and multiple other smaller storm drains discharge 
directly into the new flood pool. Best Management Practices (BMP's) were developed 
In order to ensure the water quality of these storm drain discharges. These BMP's were 
developed in coordination with ADOT and the FCDMC. These BMPs have previously 
been accepted by the FCDMC to meet their requirements for storm water quality as it 
relates to direct discharges into the new flood pool. 

7.3 PUMP STATION 

The freeway pump station is located northwest of the corner of the McKellips Road and 
76th Street. The pump station will handle onsite flows for the depressed portion of SR 
202L from approximately McDowell Road to a quarter mile south of Brown Road and 
some offsite flows from the cross roads of McDowell, McKellips and Brown. 

The pump station wet well and a 10' x 10' x 1540' reinforced concrete box culvert will 
provide storage for the pump station. Five mixed flow pumps operating in parallel at 
880 RPM with a nominal diameter of 30" and a nominal pump capacity of 24,000 GPM 
(53.5 cfs) will serve to pump the freeway storm drain system runoff hydrograph for the 
50-year design storm event (414 cfs peak inflow). 

The pumps will be driven by five natural gas engines located on the top level of the 
pump station. The engines have a 3-minute warm up cycle that allows all engine 
components to be brought up to operating temperature and to minimize engine wear 
before the pumps are engaged. 
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e A manually operated electric submersible pump operating at 11 70 RPM with a nominal 
diameter of 12" and a pumping capacity of 2,300 GPM (5.12 cfs) will be used to pump 
water remaining in the wet well below the activation level of the main pumps. 

Storm water from the wet well will be pumped vertically through five 30" diameter pipes 
(five main pumps) and a 12" diameter DIP (low flow pump) to a discharge box on the 
third level of the pump station. A 96" RGRCP pipe will drain the discharge box to the 
Spook Hill FRS flood pool. 

7.4 EQUIPMENT UNDERPASS & SIGNAL BUTTE LIFT STATIONS 

Small lift stations are necessary to drain nuisance water that will collect in five 
equipment underpasses that provide unimpeded maintenance access along the CAP 
canal through the major cross roads and the Red Mountain Freeway. The drainage 
system for each equipment underpass is similar in design and consists of: 

a trench drain to capture drainage; 
a 36" open grate manhole to capture & store drainage; 
a 6" DIP drainage connection from the manhole to the lift station; 
a 60" manhole with a 80 gpm submersible pump with a 2" discharge and; 
a 3" PVC force main outlet pipe with a grouted riprap discharge chute. 

At the request of the FCDMC, a maintenance ramp was provided at the Signal Butte 
energy dissipation basin and a small lift station was designed to drain water from the 
basin. The Signal Butte lift station includes a 550 gpm submersible pump to dewater I I 
feet of water retained in the energy dissipation basin within 36 hours. The energy 
dissipation basin maintenance ramp is a concrete slab approximately 12 ft wide with a 
0.1 fVft downgrade. The ramp sideslopes are grouted riprap at 2:l (H:V). 

7.5 FUTURE SPOOK HILL ADMP IMPROVEMENTS 

This project is contained within the area covered by the Spook Hill Area Drainage 
Master Plan (ADMP) 2002, completed by Flood Control District of Maricopa County. As 
part of the Spook Hill ADMP a series of storm drain improvements are proposed along 
the McDowell Road, Hermosa Vista Drive and McKellips Road alignments. The current 
Spook Hill ADMP shows that a large diameter storm drain is planned along McKellips 
Road as well as Hermosa Vista Drive to convey stormwater from the Hawes Road 
alignment to the Spook Hill FRS flood pool. The storm drain alignments in the ADMP 
are limited to very large scale schematics as shown in the Recommended Drainage 
Alternative. 

With the extension of the depressed Red Mountain Freeway system along the east side 
of the Spook Hill FRS, a pump station will be built in the northwest quadrant of 
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McKellips Road and 76th Street to manage pavement and roadside area stormwater by 

e pumping it to the flood pool. Construction of the pump station and outlet works on the 
north side of McKellips Road may limit the location of the future storm drain alignment 
along McKellips Road as referenced in the Spook Hill ADMP. 
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Subbasins of Basin 50 Hydrologic Parameters 
Measured Basin Areas 

Subbasin 
Original Basin 

500RIG 
I 

Area 
(sqmi) 

0.275 

Updated Existing 
50A 
50 B 

Revised Basins 
50AFWY 
5OBFWY 
5OCFWY 

Subbasin Areas-9-08-04 4/8/2005 CAP Overchute Analysis.xls 

50C 1 0.028 1 0.007 1 0.007 I 0.014 I 0.000 I 0.028 I 0.000 I 0.411 I 2170 1 0.199 1 1050 I 1576.0 I 1567.7 1 20.2 1 

0.016 
0.033 

0.068 
0.142 

Adjusted Basin Areas 

0.068 
0.142 
0.028 

Soil Map Unit Areas 
AguilalCarefree 

Slope 
(ftimt) 

r 8 1 4  

70 4 
67.0 
20 2 

70 4 
64.4 
17.4 

I 

98 
(sqmi) 

0.064 

0.017 
0.036 

0.016 
0.033 
0.007 

Note: The measured areas totaling 0.238 sq mi were adjusted proportionally to agree with original Basin 50 area of 0.275 sq mi 

Subbasin 
Original Basin 

Land Use 

0.000 
0.000 

113 
(sqmi) 

0.069 

0.035 
0.073 

0.017 
0.036 
0.007 

Adjusted 
Area 

(sq mi) 

Length 
to 

Centroid 

Freeway 
(sqmi) 

0 

Large Lot 
Residental 

(sqmi) 

0.098 

I I 
(sqmi) 

0.142 

Flow 
Length 

0.653 
1 . I84 

500RIG 

Elevations 

(mi) 

Vacant 
(sqmi) 

0.177 

(mi) 

0.86 

0.036 
0.134 

0.035 
0.073 
0.014 

UIS 
(ft) 
- 

0 0 

(ft) 

(ft) 

Length 
to 

Centroid 

3450 
6250 

0.032 
0.008 

Updated Existing 
50A 
50B 
50C 

0.275 

DIS 
(ft) 
-- - 
0 0  

(mi) 

0.43 

0.036 
0.134 
0.000 

Soil Map Unit Areas 
AguilaICarefree Flow 

Length 

Slope 
(ftlmi) 

81.4 

Elevations 

(ft ) 

0.284 
0.663 

0.079 
0.164 
0.032 

Land Use 

(mi) 

UIS 
(ft) 

0.032 
0.002 
0.02 

1 15 
(sq mi) 

98 
(sq mi) (ft) 

DIS 
(ft) 

Freeway 
(sq mi) 

Large Lot 
Residental 

(sq mi) 
113 

(sq mi) 

0.86 

Revised Basins 
50AFWY 
50BFWY 
5OCFWY 

-- 

1500 
3500 

0.000 
0.006 
0.008 

Vacant 
(sq mi) 

0.142 0.064 

0.079 
0.164 
0.032 
- 

1583.0 
1567.7 

1629.0 
1647.0 

0.000 0.098 0.069 

70.4 
67.0 

0.653 
1.231 
0.345 

0.177 

1583 0 
1567 7 
1567.7 

0.041 
0.086 
0.017 

0.018 
0.038 
0.008 

0.653 
1.231 
0.345 

0.653 
1.184 
0.41 1 

0 0 

0.000 
0.000 
0.000 

0.042 
0.155 
0.000 

0.041 
0.086 
0.016 

0.020 
0.040 
0.008 

0.018 
0.038 
0.008 

0.43 

3450 
6500 
1820 

0.000 
0.007 
0.009 

0.037 
0.009 
0.032 

0.020 
0.040 
0.008 

3450 
6500 
1820 

0.042 
0.155 
0.000 

3450 
6250 
2170 

0.037 
0.002 
0.023 

0.284 
0.663 
0.199 

1500 
3500 
1050 

I 

1629.0 
1647.0 
1576.0 

0.284 
0.663 
0.161 

1629.0 
1647.0 
1576.0 

0.284 
0.663 
0.161 

1500 
3500 
850 

I 

1500 
3500 
850 

1629.0 
1647.0 
1576.0 

1583.0 
1567.7 
1570.0 

1583.0 
1567.7 
1570.0 

70.4 
64.4 
17.4 
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Sub Basin Data 
Page 1 
. . . . . . - - - - -. . . - - - . . . - - - - - - - -. - - - - - -- . -. - -- . - - - -. . . - -. -. - .- - - - - - , 

Basin:Ol Storms:Single Duration: 24 Hour Loss Method: Green-Ampt Unit Hydrograph: S-Graph 
. . . . . . . . - . - - . . - - - -. . -. . -. - - -. - - -. . . - - .- - .- . . - - - . . . - - . - -. - . - . -- - - -. -. .- . - - - .-. . -. .. . - . . - - . . . . . . . - -- . - - - - . - - . . . . .. . 

Sub Basin Parameters Rainfall Losses 

Sub Basin Area Length Slope S-Graph 
ID (sq mi) (mi) (Wmi) 

Lca Lag Kn Vel IA DTHETA PSlF XKSAT RTlMP 
(mi) (min) (f/s) (in) (in) (inlhr) (%) 

500RIG 0.28 0.86 81.4 Valley 

50A 0.08 0.65 70.4 Valley 

508 0.16 1.18 67.0 Valley 

50C 0.03 0.41 20.2 Valley 
5OAFW 0.08 0.65 70.4 Valley 
Y 
5OBFW 0.16 1.23 64.4 Valley 
Y 
5OCFW 0.03 0.41 14.6 Valley 
Y 

Slanley Consullants * Non default value (subbasn2) 
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Land Use Data 

Sub Basin Land Use Code Area Area Pct DTHETA Vegetation RTIMP I A Kn 
1 D (%) Condition Cover (%) (%) (in) 

Major Basin: 

500RIG 

50A 

SOB 

50C 

SOAFWY 

SOBFWY 

SOCFWY 

01 
LLOTRES 

VACANT 

LLOTRES 

VACANT 

LLOTRES 

VACANT 

VACANT 

LLOTRES 

VACANT 

LLOTRES 

VACANT 

FREEWAY 

VACANT 

FREEWAY 

Normal 

Dry 

Normal 

Dry 

Normal 

Dry 

Dry 

Normal 

D FY 

Normal 

Dry 
Normal 

Dry 
Normal 

Stanley Consultants * Custom Value (not default value) (landdata) 
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So i l  Data 
Page 1 312 1/200! 

Sub Basin Soil 
ID Survey 

Map Unit Area Area Pct XKSAT Rock Outcrop Effective 
("4 (%f ( % 

Major Basin 01 
500rig AguilaICarefree 98 0.064 23.3 0.37 

AguilalCarefree 113 0.069 25.1 0.39 

AguilalCarefree 115 0.142 51.6 t 

50A AguilaICarefree 98 0.01 8 22.8 0.37 

AguilaICarefree 113 0.020 25.3 0.39 

AguilalCarefree 115 0.041 51.9 0.39 

50B AguilalCarefree 98 0.038 23.2 0.37 

AguilalCarefree 113 0.040 24.4 0.39 

AguilaICarefree 115 0.086 52.4 0.39 

50C AguilaICarefree 98 0.008 25.0 0.37 

AguilalCarefree 113 0.008 25.0 0.39 

AguilalCarefree 115 0.016 50.0 0.39 

SOAFW AguilalCarefree 98 0.018 22.8 0.37 

AguilalCarefree 113 0.020 25.3 0.39 

AguilalCarefree 115 0.041 51.9 0.39 

SOBFW AguilalCarefree 98 0.038 23.2 0.37 

AguilaICarefree 113 0.040 24.4 0.39 

AguBalCarefree 115 0.086 52.4 0.39 

SOCFW AguilalCarefree 98 0.008 25.0 0.37 

AguilaICarefree 113 0.008 25.0 0.39 

AguilalCarefree 115 0.01 6 50.0 0.39 

Slanlev Consullanls 

Custom Value (not default value) 
(soildala 
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CAP Overchute Hydrology Analyses 
Updated Existing Conditions 

Page 1 of I6 

1.****+*.*..**".+.*****..*..***...******* 

FLOOD HYDROGRAPH PACKAGE (HEC-1) 
JUN 1998 

VERSION 4.1 

* RUN DATE O8SEP04 TIME 14:09:00 

*tt**tt****.*tt.,.*.**tt***tt*....*t.**** 

X X X X W W O (  xxxxx X 
X X X  X X XX 
X X X  X X 
XXXXXXX XXXX X XXXXX X 
X X X  X X 
X X X  X X X 
X X M X X X X X X X M  XXX 

....................................... 

* U.S. ARMY CORPS OF ENGINEERS * 
* HYDROLOGIC ENGINEERING CENTER 

609 SECOND STREET 
DAVIS, CALIFORNIA 95616 

(916) 756-1104 

***. **...*t*.*.*ttt...**.***~*.~.t.*... 

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HECl [JAN 73). HEClGS, HEClDB, AND HEClKW 

THE DEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM mOSE USED WITH THE 1973-STYLE INPUT STRRVTlTRE. 
THE DEFINITION OF -AMSKK- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS IS THE FORTRAN77 VERSION 
NEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY, 
DSS:READ TIME SERIES AT DESIRED C A L U T I O N  INTERVAL LOSS RATE:GREEN AND AMPT INFILTRATION 
KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM 

HEC-1 INPUT PAGE 1 

LINE ID. ...... 1.......2.......3.......4.......5.......6.......7.......8.......9......10 
File: SC-UPDEX.DAT 
Date: 9-08-04 
Revised by: SCI 
Hydrology: 100-year. 24-hr Existing Conditions 

Quick Note: THIS IS THE BASE EXISTING CONDITIONS MODEL TO 
BE USED FOR COMPARISON TO MODEL REFLECTING 
FREEWAY IMPACT. 

This is a modified, truncated version of HEC-1 file NE200245.DAT. 
This model is used to evaluate the impact of the Loop 202 extension 
through Subbasin 50 on the local area and the immediate downstream 
watershed area. 

This model consists of Subbasin 50 and the watershed downstream to 
routed hydrograph 31T381.. All else has heen removed 

Outside of the initial model truncation, the modifications of 
this model include: 

1) Subdividing Basin 50 into 3 subbasins (50A. SOB L SOC). 
The original East Mesa ADMP land use and soil hydrologic 
were used but subdivided into three areas. 

2 )  CAPl revised to agree with new elevation data and 
analysis of the CAP 3-54" overchute. 
In addition. CAPl was found to orovide no sisnificant effective 
storage behind the canal and ha> little attenuating impact 
on the hvdrolow due to the amount of flow drainins to the -- 
overchute, the capacity of the overchute pipes themselves and the 
temporary nature of the storage (due to the capacity oE the 
overchute pipes. 
CAPl could essentially be removed from the hydrology, however, 
as the removal of CAP1 might be questioned, it was instead 
revised to show no storage behind the canal (all volume or 
area data was set to zero). 
This is also considered a conservative assumption since some 
temporary ponding must occur to push flow through the pipes. 
Ponding should not adversely impact adajacent residential 
properties above the existing conditions. 

3) Revised BASIN1 retention storage data for new top0 information. 

The Subbasin 50 basin hydrologic parameters are based upon 
the existing conditions and developed using DDMSW V2.1.0. 

ID 
ID ****  ....................................................................... 
ID . ~ ' * + * W . . . . . . * * * * * . * " * * * * * * ~ . * * = . * * ~ ~ " * * * . ~ ~ ~ * . ~ * * * ~ * * * ~ * ~ . ~ * ~ * * * * * * * * . . . . * * *  

ID ..***..*..*...* "*"*tttttttttttttttttttt*~~..~~.***+***.*~.~+++*~*+*~**..*.*** 

ID MODEL NAME: NEZ00245.DAT Revised by PARSONS BRINCKERHOFF - December 2003 
rn 
A- 

ID This model includes the following revisions to DMJM~HARRIS model 
ID NEZO2USR.DAT dated December 2003. 

LIEC-1 INPUT PAGE 2 
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LINE 

LINE 

64 
65 
66 
67 
68 
6 9 
7 0 
71 
72 
73 
74 
7 5 
76 
77 
78 
79 
8 0 
8 1 
82 
83 
84 
85 
86 
87 
8 8 
89 
90 
91 
92 
93 
94 
95 

ID. 

ID. 

ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 

1. The storage volumes for the NE-1, NE-2. NW-1, NW-2 and southern Avenue 
detention basins have been updated per the final basin geometry. 

2. The discharge rates for detention basins NW-1 and NW-2 have been revised 
to reflect the revisions to the outlet structures and emergency 
spillways. 

3. The diversion at the box culvert system at Southern Avenue and Hawes 
Road was revised to simulate blockage of 2 barrels of the existing 3 
barrel box culvert under Southern. 

4. The diversion at the lateral weir in the Southern Avenue Channel was 
revised to reflect the final weir geometry and rating analysis. 

MODEL NAME: NeZOO2us.DAT Revised by DMJM+HRRRIS - August 2003 

This model includes various revisions to incorporate the Red Mountain Freeway 
in association with the University Drive to Southern Avenue. 

CHANGES TO THIS MODEL INCLUDE 7WE FOLLOWING: 

1. In order to reflect the proposed 202 Freeway Loopand to facilitate design, 
drainage basins 18D. 18C and 24 were further subdivided. Additional 
concentration points were added to provide discharges at more locations. 

2. Drainage basin areas for 50 and 202A were modified to reflect design 
refinements to the Power to University segment of the Red Mountain Freeway 

MODEL NAME: Ne200235.DAT Revised by DMJMtHARRIS - July 2002 

This model includes various revisions to incorporate the Red Mountain Freeway 
in association with the 202LjUS60 Traffic Interchange Design Concept Report. 

CHANGES TO THIS MODEL INCLUDE THE FOLLOWING: 

1. In order to reflect the proposed 202 Freeway Loop, basin areas for 1812, 
23, 24, 31A and 31B were revised. Drainage basins 18D. 202A. 2028. and 
202D were added. Basin 38 was split into 38A and 388 due to the 202 Loop. 

2. Several concentration points have been added and basins have been routed 
to reflect the proposed Red Mountain Freeway alignment. 

3. Existing detention basins (ADOT) have been removed and new detention 
basins are proposed as part of the freeway construction. 

4. Modifications were made to the previous (Ne20030) model per the City of 
Mesa to remove the connection of the Southern Ave. Channel from the 

HEC-1 INPUT I 'AGE 3 

structure at Hawes Rd. and instead connect to the Hawes Channel south of 
the intersection. 

.******t*t.*.**.*.t.*~~***.****.*.t***.******.~**~**~"**.**~.*.*..**~**~.**..* .............................................................................. 
** Previous * MODEL NAME: NE2002.DAT 

THIS MODEL COVERS THE AREA EAST OF HAWES ROAD AND THE SOSSAMRN CHANNEL 
WJOR CHANGES TO THIS MODEL INCLUDE THE FOLLOWING: 

1. OLD SUBBASIN l8A HAS BEEN SPLIT INTO TWO SUBBASINS. SUBBASIN 18C REMAINS 
IN THIS MODEL AS PART OF THE HAWES CHANNEL INFRASTRUCTlTRE 

2. OLD SUBBASIN 30 HAS BEEN SPLIT INTO SUBBASIN 30A AND SWBASIN 308. 
SUEBASIN 30 GETS INTERCEPTED BY A CHANNEL ON THE NORTH SIDE OF CORALBELL 
AND GETS R O W  TO SUBBASIN 31A. SWBASIN 30B STILL M E S  SOUTH ALONG 
ELLSWORTH ROAD 

3. FOR THE 2002 YEAR CONDITION, ALL CAP DETENTION BASINS HAVE BEEN PLACED IN 
THE MODEL. THEIR OUTLET CHANNELS HAVE FOR THE MOST PART NOT BEEN INCLUDED 
IN THIS MODEL. THE OUTLET CHANNELS WILL BE IN THE FUTURE MODEL .............................................................................. 

SOUTHEAST MESA AREA DRAINAGE MASTER PLAN 
AREA NORTH OF SUPERSTITION FREEWAY 

REVISED BY VALERIE SWICK, OCTOBER-NOVEMBER 1996 
TO INCORPORATE THE SUPERSITION STRUCTURES AND COMBINE MODELS 

FILENAME: MESANE.DAT 

THIS MODEL REPRESENTS THE EXISTING CONDITION OF THE WATERSHED. 
TOTAL DRAINAGE AREA IS APPROXIMATELY 17 SQ. MI. 
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LINE 

LINE 

100-YEAR 24-HOUR FREQUENCY 

METHODOLOGY 
THE US CORPS OF ENGINEERS W D  HYDROLOGY MODEL HEC-1 DATED SEP1990 VER 4.0 
SCS TYPE I1 RAINFALL DISTRIBLPTION 
S-GRAPH HYDROGRAPH 
GREEN AND AMPT INFILTRATION EQUATION USED FOR CALCULATING LOSSES 
NORMAL DEPTH STORAGE CHANNEL ROUTING 
APPROXIMATE DIRECTION, LOCATION, AND LENGTH OF THE WASHES HAVE BEEN 
EVALUATED BASED ON FIELD INVESTIGATION, USGS MAPS, LANDIS AERIAL SURVEYS 
DATED 1994 
THE N O M  TECHNICAL MEMORANDUM NOM ATLAS 2 DEPTH AREA RATIOS 

ID INITIAL STUDY PERFORMED BY LISA C. YOUNG 
ID REVIEWED BY VALERIE A. SWICK 
ID HYDROLOGY BRANCH ENGINEERING DIVISION. FLOOD CONTROL 
ID DISTRICT OF NARICOPA COUNTY. DECEMBER - JULY 1995. 
ID 
ID ASSUMED VELOCITY OF 1 FT/SEC FOR SHEET FLOW, 2 FT/SEC FOR WASH/NATVRAL 
ID CHANNEL, 3 FT/SEC FOR ROAD AND GRASS CHANNEL, IOFT/SEC FOR CONCRETE CHANNEL 
ID 

HEC-1 INPW PAGE 4 

ID 
ID LASTUPDATEDON 3/13/98 
ID 
ID UPDATE WAS BASED UPON NEW MAG LAND USE DEFINITIONS FOR SINGLE FAMILY HOUSING 
ID 
ID DDM MCUHP2 MESA AREA DRAINAGE MASTER PLAN 
'DIAGRAM 
IT 5 1APR97 0000 1000 
I0 5 
IN 15 
JD 3.600 .O1 

**t*t**.~**+.*t.********t*************************************~********~****** 

* DMJM+HARRIS - PC data is from the original East Mesa ADMP. 
***t***~***+***********t*********t*~*~*********.*+*+**.****.*".****+***.'***~~ 

PC .OOO ,002 .005 .008 ,011 .014 .017 .020 .023 .026 
PC .029 .032 .035 ,038 .041 .044 .048 .052 .056 ,060 
PC ,064 ,068 .072 .076 -080 .085 .090 .095 ,100 .lo5 
PC .I10 .I15 .I20 .I26 ,133 .I40 .I47 .I55 .163 .I72 
PC .I81 .I91 .203 .218 .236 .257 .283 .387 .663 .707 
PC .735 .758 .776 .791 .a04 .El5 .a25 .834 .842 .a49 
PC .856 .863 .a69 .a75 ,881 .887 .893 .a98 .903 ,908 
PC .913 ,918 .922 .926 ,930 .934 .938 .942 ,946 .950 

JD 3.58 1.0 
JD 3.49 5.0 
JD 3.38 10.0 
JD 3.24 30.0 
JD 3.10 60.0 
JD 3.05 90.0 
JD 3.00 120.0 
JD 2.97 150.0 

DDM *****  Updated *****  

******.***********.****~**t*tt***+******~***********************,**, 

SCI - Subbasins 50A. 506 and 50C comprise the area of the original 
Basin so 

* *****tlt**t*********.t*t***+***..*********,**.***+*********.**.*** 

KK 50A BASIN 
BA .08 
LG .32 .30 4.00 .47 8.00 
UI 12. 44. 67. 96. 136. 96. 68. 43. 20. 13. 
UI 6. 4. 4. 0. 0. 0. 0. 0. 0. 0. 
U I 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
* 

HEC-1 INPUT PAGE 5 

ID.. ..... 1. ...... 2 ....... 3.......4.......5.......6.......7.......8.......9...... 10 

KK 508 BASIN 
BA -16 
LG .30 .26 4.00 .54 14.00 
UI 18. 43. 83. 106. 136. 205. 190. 145. 113. 86. 
UI 51. 31. 23. 16. 5. 5. 5. 5. 0. 0. 
UI 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 

KK 50C BASIN 
BA .03 
LG .35 .35 4.00 .39 .OO 
UI 4. 11. 19. 25. 36. 46. 34. 26. 19. 11. 

Q:\I 7000Mctive\07-Design\l I-Water Res\Appendices\tIydrology\CAP Overchute\Updated Existing\SC-UPDEX.OUT 
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LINE 

KK COABC 
KM Combines subbasins 50A. 508 and 50C. 
HC 3 

* * *  ****~*,.*********t*****ttt*.****+**t...**~*~~*..*****~*.****+*******.+***.** 
DMJMtHARRIS - Below is the original Basin 50 hydrologic parameters 
****.**t,*****.*******t**t*****.**+**.**.**********************.******.******* 

* KK 50 
* KM BASIN 50 
' KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= .9 L C ~ =  .4 S= 81.4 Kn= .037 LAG= 15.8 

9 1% PHOENIX VALLEY S-GRAPH WAS USED FOR THIS BASIN 
BA .28 

* LG .33 .31 4.00 .49 5.00 
UI97. 306. 543. 575. 342. 149. 71. 21. 18. 0. 

' UI 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
UI 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 

* DDM *'**+ Preserved * * *+*  

******t****~*************t******ttt*t.*t...~~.*.*..***~.~~*+*.~****~****~***** 

DMJM+HARRIS - CAPl revised to provide no storage behind CAP canal and for new 
beginning of the analysis) 

* *t**+*.*t**t*******...t*****t,.***t*t****.**..*,~~**,*.*****.**~*.************ 

KK CAPl 
RS 1 STOR -1 
S A 0 0 0 0 0 
SE 1567.7 1568 1570 1572 1574 
SQ o 2 81 246 434 

KK CAPl 
KO 1 
RS 1 FLOW - 1 

* SV 0 0.091 0.575 3.319 13.256 
+ SE 1566 1568 1570 1572 1574 
SQ 5 90 275 470 610 

.............................................................................. 
DMJM+HARRIS - BASINl revised to reflect As-built basin storage 

SA record modified based upon new top0 data. 
SE record modified to agree with top0 data 
SL record modified to set outlet at bottom of basin 
SS record modified to set weir crest at top of basin 

I* *t*******ttt**t**tt*ttt*****~..~.*~"*~**. .** ................................. 

HEC-1 INPUT PAGE 6 

KK BASINl 
KM DETENTION BASIN LOCATED DOWNSTREAM FROM CAP1 OVERCHliTE 
KM WITH 24- INCH OUTFALL 
' KO 1 
RS 1 STOR - 1 
SA 0.01 0.08 0.28 0.58 1.43 2.43 3.65 4.02 
SE 1555 1556 1557 1558 1559 1560 1561 1562 
SL 1555 3.14 .62 .5 
SS 1560 50 2.5 1.5 

KKBASIN1 
+ KM NEW DETENTION BASIN LOCATED DOWNSTREAM FROM CAPl 
* KM WITH 24-INCH OWPALL 
' RS 1 STOR -1 
* SA 0.01 1.94 3.10 3.49 3.94 4.40 4.85 
* SE 60 61 62 63 64 65 66 
* SL 60.2 3.14 .62 .5 
* SS 64 50 2.5 1.5 

DDM ***" Preserved * * * * *  

KK RCAPl 
KM ROUTE CAP OVERCHVTE #1 TO SUBBASIN 18A 
RS 11 FLOW -1 
RC .05 .045 .05 7000 .02 

* *  Revised by DMJM+HARRIS to reflect Red Mountain Freeway Design Concepts 
.* Additional Refinements were made with the University to Southern Segment 

* DDM * * *+ *  Updated * * * * *  

KK 18C BASIN 
KM BASIN 18c 
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LINE 

LINE 

KM THIS IS THE FUTURE SUBBASIN WITH LESS AREA DUE TO 202L FREEWAY 

BA 0.386 
LG 0 . 2 1  0 .27  4.10 0.50 3 1  
UI 50 159 265 349 552 522 383 282 184 88  
UI 64 37 1 5  1 6  1 5  0 0 0 0 0 
UI 0 0 0 0 0 0 0 0 0 0 

" KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L= 1 .0  Lca. .5 S= 6 0 . 6  Kn= , 071  LAG= 2 4 . 1  

* KM L= 1 .2  Lca= . 7  S= 66.1 Kn= .061 LAG= 37.2 

****  Revised by DMJM to reflect Red Mountain Freeway Design Concepts ***" 

KM PHOENIX VALLEY S-GRAPH WAS USED FOR THIS BASIN 
BA ,4172 
LG .28 .29 4.10 .48 19 .00  

9 UI 58 .  207.  326. 450.  691. 528.  384. 266. 127 .  83.  
UI 49.  1 8 .  1 8 .  1 8 .  0 .  0 .  0. 0 .  0 .  0 .  

' UI 0 .  0 .  0. 0 .  0  - 0 .  0 .  0 .  0 .  0. 
BA .50 

* LG .22 .25 4.00 .57 44 .00  
U I 4 5 .  75. 180 .  237.  287.  355 .  507. 531.  407. 335.  
U I 2 6 8 .  214.  140.  80 .  72 .  45. 34. 14.  14 .  1 4 .  
S U I 1 4 .  14 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  
'.UI 0 .  0 .  0 .  0 .  0 .  0 .  0. 0 .  0 .  0 .  

* KK DlBC 
KM RETAIN THE 100  YEAR 2 HOUR VOLUME (53% OF BASIN HAS RETENTION) 
DT Dl8C 20 
DI 0 10000 
DO 0 10000 

HEC-1 INPUT 

KK RETl8C 
KM RETAIN THE 100 YEAR 2 HOUR VOLUME (16% OF BASIN ILAS RETENTION) 
DT Dl8C 5 .00  
DI 0 10000 
DO 0 1600 

DDM ***. Preserved * * * * *  

KK C18C 
KM COMBINE FLOWS FROM ROUTED FLOW OF SUBBASIN 50  WITH FLOW FROM 1 B C  

KM BEFORE CROSSING UNDERNEATH APACHE BLVD AND GOING INlQ THE HAWES CHANNEL 
HC 2 

DDM *+'*" Preserved .**** 

KK 1BT24 
KM REACH HS-6, HS-7, HS-8 
KM ROUTE FLOWS FROM SUBBASIN l8A TO SUBBASIN 24.  
RS 1 FLOW -1 
RC .025 .015 ,025 2730 0.0017 
RX 0 8 16  26 46 5 8 65 73 
RY 5 - 0  5 . 1  5.2 0 0 5 . 2  5 . 1  5 . 0  

THE ABOVE CHANNEL DIMS ARE BASED ON THE NARROWEST DESIGN REACH. 

KK 180  BASIN 
KM BASIN 18D 
BA 0.044 
LG 0 .20  0 .27  4.00 0.54 34 
UI 33 103  128 53 1 7  5 0 0 0 0 
UI 0 0 0 0 0 0 0 0 0 0 
* KM THIS IS THE FUTURE SUBBASIN CREATED BY 202L BISECTING 18C 

KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
* KM L= 1 . 2  Lea= - 7  S= 6 6 . 1  Kn= .061 LAG. 37.2 
• KM L= .7 k a =  .4 s= 50.0 ~ n =  - 0 7 1  LAG. 29.7 
* KM PHOENIX VALLEY S-GRAPH WAS USED FOR THIS BASIN 
* BA . I 367  
LG .28 .29 4.10 .48 19.00 

U I 1 6 .  40.  75. 96.  127. 188.  152 .  117.  8 9 .  64.  
UI 33.  25 .  16.  8 .  5 .  5 .  5 .  0 .  0 .  0 .  
UI 0 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  

KK 18DT24 
KM ROUTE FLOWS FROM SUBBASIN 1 8 D  TO C24A 
RS 2 FLOW - 1 
RC .035 .025  ,035 2820 0.0071 
RX 0 5 20 36  44 60  7 5  8 0 
RY 4 .4  4.3 4 .0  0 0 4 . 0  4 .3  4.4 

HEC-1 INPUT 

PAGE 7 

PAGE 8 
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LINE 

KK 24A BASIN 
KM BASIN 24A 
BA 0.044 
LG 0.11 0.30 4.00 0.52 36 
UI 62 179 7 9 16 0 0 0 0 0 0 
VI 0 0 0 0 0 0 0 0 0 0 

KK C24A 
KM COMBINE FLOWS FROM 18D AND 24A 
HC 2 

KK 24ATB 
KM ROUTE C24A TO C24B VIA CONCRETE CHANNEL 

KM VELOCITY = 5FT/S 
RS 2 FLOW - 1 

RC 0.045 0.022 0.042 2630 0.0095 

RX 0 102 103 106 121 124 128 270 
RY 7 6.5 6 0 0 3 5 7 

* **" Revised by DMJM+HARRIS to reflect Red Mountain Freeway Design Concepts +' 
* " Additional Refinements were made with the University to Southern Segment 
* DDM +"++ Updated *+*"  
* DDM a * * * *  Inserted '*'+* 

KK 248 BASIN 
KM BASIN 248 
BA 0.258 
LG 0.24 0.26 4.00 0.54 3 1 
UI 67 230 353 549 372 232 97 56 16 15 
VI 0 0 0 0 0 0 0 0 0 0 
VI 0 0 0 0 0 0 0 0 0 0 
* KK 24 
* KM BASIN 24 
* KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 

KM L= .9 Lcas .S  S= 43.5 Kn= .047 LAG= 24.6 
' KM L= . 9  Lca= . S  S= 43.5 Kn= .052 LAG= 30.4 
KM PHOENIX VALLEY S-GRAPH WAS USED FOR THIS BASIN 
BA .4272 
BA .4272 
LG .23 .26 4.00 .56 38.00 

*UI47. 117. 223. 286. 373. 562. 484. 372. 285. 214. 
*UI116. 80. 53. 34. 15. 15. 15. 15. 0. 0. 
* UI 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
* BA .29 
* LG .23 .26 4.00 .58 38.00 
*UI40. 138. 220. 300. 469. 376. 275. 195. 100. 63. 
* UI 40. 12. 12. 12. 0. 0. 0. 0. 0.' 0. 
* U I  0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 

HEC-1 INPUT PAGE 9 

ID ....... 1.......2.......3.......4.......5.......6.......7.......8.......9......10 

KK RET24B 
KM RETAIN M E  100 YEAR 2 HOUR VOLUME (18% OF BASIN HAS RETENTION) 
DT D24B 3.35 
D I 0 loo00 
DO 0 1800 

*** '  Revised by DMJM+HARRIS to reflect Red Mountain Freeway Design Concepts ** 
* * *  Additional Refinements were made with the University to Southern Segment 

KK C24B 
KM COMBINE FLOWS FROM C24A AND BASIN 24B 

KK C24 
* KM COMBINE FLOWS FROM S18C AND 524 

ZW A=HAWES RD @ BROADWAY RD B=HAWES CHANNEL PROJECT C=ELOW F=HYDROGRR 
HC 2 

KK C24C 
KM COMBINE mows FROM ~ 2 4 %  AND C I ~ C  

KK C24 
KM COMBINE FMWS PROM S18C AND $24 

ZW A=HAWES RD B BROADWAY RD B=HAWES CHANNEL PROJECT C=FMW €=HYDROGRAPH 
HC 2 

DDM * * + * *  Preserved "'** 

KK BRDHAW 
KM DIVERT FLOW OF 360 CFS TO THE WEST PER THE CITY OF MESA FUTURE DRAINAGE 
KM SYSTEM 
DT DIVBRD 
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KK RT31B1 
KM THIS ROUTING STEP HAS BEEN BROKEN OUT OF A LARGER SEQUENCE FOR SIMPLICITY 
KM REACH HS-5 plus culvert HSC-4 
KM ROUTE FLOWS FROM HAWES ROAD AND BROADWAY ROAD (C24) TO CORAL BELL AVENUE. 
KO 21 10 
ZW AzFLOW AFTER 360 CFS DIVERT TO WEST B=HAWES CHANNEL PROJECT C=FLOW F=HYDRO 
RS 1 FLOW -1 
RC ,025 .015 .025 1312 0.0015 
RX 0 8 15 28 68 81 8 9 97 
RY 6.2 6.4 6.5 0 0 6.5 6.4 6.2 

HEC-1 INPUT PAGE 10 

LINE 

KK RT31B2 
KM THIS ROUTING STEP HAS BEEN BROKEN OUT OF A LARGER SEQUENCE FOR SIMPLICITY 
KM REACH HS-4A AND HS4-B plus culvert HSC-3 
KM ROUTE FLOWS FROM CORAL BELL AVENUE TO EMELITA AVENUE. 
RS 1 FLOW -1 
RC .025 .015 .025 2080 0.0018 
RX 0 8 15.9 16 66 66.1 74 8 2 
RY 5.8 5.9 6.1 0 0 6.1 5.9 5.8 

KK RT31B3 
KM THIS ROUTING STEP HAS BEEN BROKEN OUT OF A LARGER SEQUENCE FOR SIMPLICITY 
KM REACH US- 3 
KM THIS REACH IS AN EXISTING CHANNEL FOR THE CRESCENT RUN MOBILE HOME PARK. 
KM The existing channel 5.6 ft deep has no freeboard. Overbank flows in street 
KM Routing values per channel design plans, 
KM Sheet 2 of 19, City of Mesa Project 97-69. 
KM ROUTE FLOWS FROM EMELITA AVENUE TO SOUTHERN AVENUE (C31) WITHIN SUBBASIN 318. 
RS 1 FLOW -1 
RC ,025 .015 .025 1935 0.0033 
RX 0 35.6 41.6 50 66.7 75.1 81.1 92.0 
RY 5.4 4.7 5.6 0 0 5.6 7.6 7.7 

DDM * * * * *  Updated **'*' 

LINE 

KK 31B 
KM BASIN 31B 
KM THE FOLLOWING PARAUFTERS WERE PROVIDED FOR THIS BASIN 
* KM L= 1.2 Lca= .5 S= 29.7 Kn= ,049 LAG= 30.8 
KM L= 1.2 Lca= .5 S= 29.7 Kn= .077 WGL: 23.2 
KM PHOENIX VALLEY S-GRAPH WAS USED FOR THIS BASIN 

BA .44 
LG 0.31 0.32 4.45 0.35 11 
UI 3 1 31 88 132 162 184 218 263 356 
UI 302 254 217 187 152 124 77 54 5 1 
UI 3 1 19 10 9 9 10 9 10 0 
UI 0 0 0 0 0 0 0 0 0 
* BA -720 
LG .31 .32 4.45 .35 11.00 

VI104. 391. 602. 859. 1236. 884. 629. 407. 187. 
* UI 59. 32. 32. 0. 0. 0. 0. 0. 0. 
* UI 0. 0. 0. 0. 0. 0. 0. 0. 0. 

BA .47 
LG .24 .25 4.45 .46 37.00 

U I 5 2 .  125. 240. 309. 399. 601. 544. 416. 321. 
*VI141. 88. 63. 44. 16. 16. 16. 16. 0. 
UI 0. 0. 0. 0. 0. 0. 0. 0. 0. 

HEC-1 INPUT 

ID ....... 1 ....... 2.......3.......4.......5.......6.......7.......8....... 9. 

PAGE 11 

KK D31BS 
KM RETAIN 100 YEAR 2 HOUR, (66% FOR FUTURE DEVELOPMENT) 
DT D31BS 23 
Dl 0 10000 
DQ 0 lo000 

* DDM ***" Preserved **"* 

* *"*' Revised by DMJM to reflect Red Mountain Freeway Design Concepts + * * * *  

KK C31B 
KM COMBINE FLOWS FROM C24 AND 318 
ZW A=FLOW SOUTHERN AND HAWES BEFORE SPLIT BOX B=HAWES CHANNEL PROJ &FLOW F=HYDR 
HC 2 
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LINE 

INPUT 
LINE 

NO. 

14 7 

ODM +.**. Preserved "**+ 
KK D31W 

KK 0315 

KM THIS DIVERT RECORD IS FOR THE BOX CULVERT SYSTEM AT SOUTHERN AVE AND HAWES 
KM IT IS BASED UPON A HEC-RAS ANALYSIS OF THE FOLLOWING STRUCTURES: 
KM 3-8'X4'CBCSOUTH, 2-lO'X6'CBCTOTHEWEST 
iU4 THE CULVERT TO THE SOUTH HAS THE TWO THAT ARE THERE NOW WITH AN ADDITIONAL 
KM ONE CONSTRUCTED 
KO I 

DT D31W 

* ****  Revised by DMJM to reflect Red Mountain Freeway Design Concepts * * *+*  

* THESE NEW CARDS BASED UPON HEC-RAS ANALYSIS 
D T O  144 182 252 380 454 544 671 758 844 

D1976 1098 1184 1280 1412 1544 1646 1738 1830 
* W o  0 0 220 316 358 400 460 520 580 
* DQ640 690 740 800 860 920 980 1030 1080 

* THESE CARDS BASED UPON HEC-RAS ANALYSIS ***  As Intended * * *  

* D I O  144 182 252 380 454 544 671 758 844 
* Dl976 1098 1184 1280 1412 1544 1646 1738 1830 
* DQ 0 144 182 220 316 358 400 460 520 580 
* !JQ 640 690 740 800 860 920 980 1030 1080 

+ * *  Revised to help allow proper function of JiW Detention Basins (Off-line Typ 
* *** Simulating 75% blockage of the Southern Avenue culverts +** 
* 
* D I  0 62 111 230 309 403 504 611 727 847 
* DI 971 1098 1223 1346 
' DQ 0 62 111 214 283 362 445 533 629 729 
* DQ 834 941 1049 1155 

*** Revised by PB to simulate blockage of 2 barrels leaving 1 barrel open * * *  
* ***  of the Southern Avenue Culverts t t *  

HEC-1 INPUT I 

ID. ...... 1 ....... 2. ...... 3. ...... 4.......5.......6.......7.......8.......9...... 10 

'AGE 12 

311381 ROUTED IN TWO STEPS DUE TO CHANNEL DISSIMILARITY. 
REACH HS-2 plus culvert HSC-2 
ROUTE FWWS FROM SOUTHERN AVENUE (C31) IN THE HAWES CHANNEL. 

REACH HS-2 IS A PROPOSED CHANNEL SOON-TO-BE-CONSTRUCTED. IT IS 4.5 FEET 
DEEP, WITH FREEBOARD. CHANNEL CROSS-SECTION FROM DESIGN PLANS FOR 
SOUTHERN AVENUE DRAINAGE IMPROVEMENTS. SHEET 28 OF 43 
CITY OF MESA PROJECT NO. 97-56.1 DESIGN PLANS BY ENTELLUS 
DATED 8/8/97 REV. 12/19/97 
1 FLOW -1 

0.025 0.015 0.025 1248 .0022 
0 32 37 46 56 65 73 75 
5 7.0 4.5 0 0 4.5 9.0 9.5 

SCHEMATIC DIAGRAM OF STREAM NETWORK 

(V) ROUTING (--. >) DIVERSION OR PUMP FLOW 

( . )  CONNECrOR ( < - - - )  RETURN OF DIVERTED OR PUMPED FLOW 
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261 ------. > DIVBRD 
258 BRDHAW 

v 

(***I RUNOFF ALSO COMPUTED AT THIS LOCATION 
~""*..**"*"**"*..***t*****t*****.*t*~ 

FLOOD HYDROGRAPH PACKAGE (HEC-1) * 
JUN 1998 

VERSION 4.1 

RUN DATE O8SEP04 TIME 19:09:00 * 

*~**~*.t*~**t**C******~*t**tttt***.***t** 

t***tt*****ttt****tt*****t************* 

+ U.S. ARMY CORPS OF ENGINEERS 
+ HYDROLOGIC ENGINEERING CENTER 

609 SECOND STREET 
DAVIS, CALIFORNIA 95616 

(916) 756-1104 

* * ~ * * * . r * * * ~ ~ ~ ~ * * * ~ . * * * t . * t * . * . * f * * * . * * ~  

********.***.ttt*.****.*******tt***********.***+***.***********..***.********~ .............................................................................. 
******.t***t,tt*****.**t*ttt*****t*************+**~*~.****.**+******~********* 

MODEL NAME: NE200245.DAT Revised by PARSONS BRINCKERHOFF - December 2003 
This model includes the following revisions to DMJM+HARRIS model 
NE202USR.DAT dated December 2003. 

1. The storage volumes for the NE-1, NE-2, NW-1, NW-2 and Southern Avenue 



CAP Overchute Hydrology Analyses 
Updated Existing Conditions 

Page 10 of 16 

detention basins have been updated per the final basin geometry. 

2. The discharge rates for detention basins NYI-1 and Mi-2 have been revised 
to reflect the revisions to the outlet structures and emergency 
spillways. 

3. The diversion at the box culvert system at Southern Avenue and Hawes 
Road was revised to simulate blockage of 2 barrels of the existing 3 
barrel box culvert under Southern. 

4 .  The diversion at the lateral weir in the Southern Avenue Channel was 
revised to reflect the final weir geometry and rating analysis. 

MODEL NAME: Ne2002uS.DAT Revised by DMJMIKARRIS - August 2003 

This model includes various revisions to incorporate the Red Mountain Freeway 
in association with the University Drive to Southern Avenue. 

CHANGES TO THIS MODEL INCLUDE THE FOLLOWING: 

1. In order to reflect the proposed 202 Freeway Lwpand to facilitate design, 
drainage basins 18D. 18C and 24 were further subdivided. Additional 
concentration points were added to provide discharges at more locations. 

2. Drainage basin areas for 50 and 202A were modified to reflect design 
refinements to the Power to University segment of the Red Mountain Freeway 

MODEL NAME: Ne200235.DAT Revised by DMJM+HARRIS - July 2002 

This model includes various revisions to incorporate the Red Mountain Freeway 
in association with the 202L/US60 Traffic Interchange Design Concept Report. 

CHANGES TO THIS MODEL INCLUDE THE FOLLOWING: 

1. In order to reflect the proposed 202 Freeway Loop, basin areas for 18C. 
23, 24, 31A and 318 were revised. Drainage basins 18D, 202A, 2028, and 
202D were added. Basin 38 was split into 38A and 38B due to the 202 Loop. 

2. Several concentration points have been added and basins have been routed 
to reflect the proposed Red Mountain Freeway alignment. 

3. Existing detention basins (ADOT) have been removed and new detention 
basins are proposed as part of the freeway construction. 

4. Modifications were made to the previous (Ne200301 model per the City of 
Mesa to remove the connection of the Southern Ave. Channel from the 
structure at Hawes Rd. and instead connect to the Hawes Channel south of 
the intersection. 

.............................................................................. 

t*t*****.*tt*tt.****.*****~*******..*+****~*.~**,**~**.*********.*..,*,*+~**** 

** Previous * *  MODEL NAME: NE2002.DAT 

THIS MODEL COVERS THE AREA EAST OF HAWES ROAD AND THE SOSSAMAN CHANNEL 
MAJOR CHANGES TO THIS MODEL INCLUDE THE FOLLOWING: 

1. OLD SUBBASIN 18A HAS BEEN SPLIT INTO TWO SUBBASINS. SUBBASIN 18C REMAINS 
IN THIS MODEL AS PART OF THE HAWES CHANNEL INFRASTRUCTURE 

2. OLD SUBBASIN 30 HAS BEEN SPLIT INTO SUBBASIN 30A AND SUBBASIN 308. 
SUBBASIN 30 GETS INTERCEPTED BY A CWANNEL ON THE NORTH SIDE OF CORALBELL 
AND GETS ROUTED TO SUBBASIN 31A. SUBBASIN 308 STILL GOES SOUTH ALONG 
ELLSWORTH ROAD 

3. FOR THE 2002 YEAR CONDITION, ALL CAP DETENTION BASINS HAVE BEEN PLACED IN 
THE MODEL. THEIR OUTLET CHANNELS HAVE FOR THE MOST PART NOT BEEN INCLUDED 
IN THIS MODEL. THE OUTLET CHANNELS WILL BE IN THE FUTURE MODEL 

*********..****t****t*****t****.t**+*t*.*~**.*~****~********+*,.,.,,****+***** 

SOUTHEAST MESA AREA DRAINAGE MASTER PLAN 
AREA NORTH OF SUPERSTITION FREEWAY 

REVISED BY VALERIE SWICK, OCTOBER-NOVEMBER 1996 
TO INCORPORRTE THE SUPERSITION STRUCTURES AND COMBINE MODELS 

FILENAME: MESANE.DAT 

THIS MODEL REPRESENTS THE EXISTING CONDITION OF THE WATERSHED. 
TOTAL DRAINAGE AREA IS APPROXIMATELY 17 SQ. MI. 

100-YEAR 24-HOUR FREQUENCY 

METHOWLOGY 
THE US CORPS OF ENGINEERS FLOOD HYDROLOGY MODEL HEC-1 DATED SEP1990 VER 4.0 
SCS TYPE I1 RAINFALL DISTRIBUTION 
S -GRAPH HYDROGRAPH 
GREEN AND AMPT INFILTRATION EQUATION USED FOR CALCULATING LOSSES 
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NORMAL DEPTH STORAGE CHANNEL ROUTING 
APPROXIMATE DIRECTION, LOCATION. AND LENGTH OF THE WASHES HAVE BEEN 
EVALUATED BASED ON FIELD INVESTIGATION, USGS MAPS. LANDIS AERIAL SURVEYS 
DATED 1994 
THE N O M  TECHNICAL MEMORANDUM N O M  ATLAS 2 DEPTH AREA RATIOS 

INITIAL S'IWDY PERFORMED BY LISA C .  YOUNG 
REVIEWED BY VALERIE A. SWICK 
HYDROLOGY BRANCH ENGINEERING DIVISION, FLOOD CONTROL 
DISTRICT OF MARICOPA COLNTY, DECEMBER - JULY 1995. 

ASSUMED VELOCITY OF 1 ET/SEC FOR SHEET FLOW, 2 FT/SEC FOR WASH/NATURAL 
CHANNEL, 3 FT/SEC FOR ROAD AND GRASS CHANNEL, 10FT/SEC FOR CONCRETE CHANNEL 

LAST UPDATED ON 3/13/98 

UPDATE WAS BASED UPON NEW MAG LAND USE DEFINITIONS FOR SINGLE FAMILY HOUSING 

DDM MCUHP2 MESA AREA DRAINAGE MASTER PLAN 

OUTPUT CONTROL VARIABLES 
I PRNT 5 PRINT CONTROL 
IPLOT 0 PLOT COKPROL 
QSCAL 0 .  HYDROGRAPH PLOT SCALE 

IT HYDROGRAPH TIME DATA 
NMlN 5 MINUTES IN COMPUTATlON INTERVAL 
IDATE 1APR97 STARTING DATE 
ITIME 0000 STARTING TIME 

NQ Z O O 0  NUMBER OF HYDROGRAPH ORDINATES 
NDDATE 4APR97 ENDING DATE 
NDTIME 1115 ENDING TIME 
ICENT 19 CENTURY MARK 

COMPUTATION INTERVAL .08 HOWRS 
TOTAL TIME BASE 83.25 HOURS 

ENGLISH UNITS 
DRAINAGE AREA SQUARE MILES 
PRECIPITATION DEPTH INCHES 
LENGTH, ELEVATION FEET 
FLOW CUBIC FEET PER SECOND 
STORAGE VOLUME ACRE- FEET 
SURFACE AREA ACRES 
TEMPERAVJRE DEGREES FAHRENHEIT 

INDEX STORM NO. 1 
STRM 3.60 PRECIPITATION DEPTH 
TRDA . O 1  TRANSPOSITION DRAINAGE AREA 

PRECIPITATION PATTERN 
.oo .oo .oo -00  .oo 
.oo .oo .oo .oo .oo 
.oo .oo .oo -00 .oo 
.oo .oo  .oo .oo .oo 
.oo .OD .oo .oo .oo 
.oo .oo  .oo .oo .oo 
.oo .oo  .oo .oo  .oo 
.oo .oo .oo .oo . 00 
.oo .oo .oo .oo .oo 
.oo .oo .oo .oo .oo 
.oo .oo .oo .oo .oo 
.oo .oo .oo .oo .oo 
.oo .oo .oo .oo .oo 
. O 1  . 0 1  .01 .01  .01  
. 0 3  .09 .09 .09 .01  
.01  . 0 1  .01  .01  .01  
.oo .oo .oo .oo .oo 
.oo .oo .oo  .oo .oo 
.oo .oo .oo  .oo .oo 
.oo .oo  .oo .oo .oo 
. O D  . oo  .oo .oo .oo 
.oo .oo .oo .oo .oo 
.oo . 00 .oo  .oo .oo 
.oo . o o  .oo .oo .oo 
.oo .oo .oo .oo .oo 
.oo .oo .oo .oo .oo 
.oo .oo .oo .oo .oo 
.oo .oo  .oo .oo .oo 
.oo .oo  .oo .oo -00 

INDEX STORM NO. 2 
STRM 3.58 PRECIPITATION DEPTH 
TRDA 1 . 0 0  TRANSPOSITION DRAINAGE AREA 

PRECIPITATION PATTERN 
.oo .oo .oo .oo . 00 
.oo .oo  .oo  .oo .oo 
.oo .oo . 00 .oo .oo 
- 0 0  .oo .oo .oo .oo 
.oo .oo .oo .oo .oo 
.oo .oo .oo .oo .oo 
.oo .oo .oo  .oo .oo 
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INDEX STORM NO. 3 
STFM 3.19 PRECIPITATION DEPTH 
TRDA 5.00 TRANSPOSITION DRAINAGE AREA 

PRECIPITATION PATI'ERN 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
. 00 .oo 
. 00 .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
. 0 1  .01  
.03 . 09  
. O 1  . 0 1  
.oo .oo 
.oo .oo 
.oo .oo 
. 00 .oo 
.oo .OO 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 

INDEX STORM NO. 4 
STRM 3.38 
TRDA 10.00 

PRECIPITATION PATL5F.N 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.01 .01  
.03 . 09  
. O 1  . O 1  
.oo .oo 
.oo .oo 
.oo .oo 
.oo . oo  
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo - 0 0  
.oo .oo 
.oo .oo 
.oo .oo 

INDEX STORM NO. 5 

PRECIPITATION DEETH 
TRANSPOSITION DRAINAGE AREA 
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STRM 3.24 PRECIPITATION DEPTH 
TRDA 30.00 TRANSPOSITION DRAINAGE AREA 

PRECIPITATION PATTERN 
.oo .oo 
.oo - 00  
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
. O 1  . O 1  
.03 .09 
. O 1  . 01  
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
'00 .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 

INDEX STORM NO. 6 
STRM 3.10 
TRDA 60.00 

PRECIPITATION PATTERN 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
. 01  .01 
.03 .09 
. 01  . O 1  
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo . oo  
.oo .oo 
.oo .oo 
.oo .oo 
.oo . D O  
.oo .oo 
.oo .oo 
.oo .oo 

PRECIPITATION DEPTH 
TRANSPOSITION DRAINAGE AREA 

INDEX STORM NO. 7 
STRN 3.05 
TRDA 90.00 

PRECIPITATION DEPTH 
TRANSPOSITION DRAINAGE AREA 

PRECIPITATION PATTERN 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo - 0 0  
.oo - 0 0  
.oo .oo 
.oo .oo 
.oo .oo 
. 01  . O 1  
.03 . 0 9  
.01 . 0 1  
.oo - 0 0  
.oo .oo 
.oo . 00 
.oo .oo 
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.oo .oo 

.oo .oo 

.oo .oo 

.oo .oo 

.oo .oo 

.oo .oo 

.oo .oo 

.oo .oo 

.oo .oo 

145 JD INDEX STORM NO. 8 
STRM 3.00 
TRDA 120.00 

0 PI PRECIPITATION PATTERN 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.DO .oo 
.oo .oo 
.01 .01 
.03 .09 
.01 .01 
.oo .oo 
.oo . 00 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 

PRECIPITATION DEPTH 
TRANSPOSITION DRAINAGE AREA 

.oo .oo .oo .oo .oo .oo .oo .oo 

146 JD INDEX STORM NO. 9 
S TRM 2.97 PRECIPITATION DEPTH 
TRDA 150.00 TRANSPOSITION DRAINAGE AREA 

0 PI PRECIPITATION PATTERN 
.oo .oo .oo .oo .oo .oo .oo .oo .oo .oo 
. 00 .oo .oo .oo .oo .oo .oo .oo -00 .oo 
.oo .oo .oo .oo .oo .oo .oo .oo .oo . .oo 
.oo .oo .oo .oo .oo .oo .oo .oo . 00 .oo 
.oo .oo .oo .oo .oo .oo .oo .oo . 00 .oo 
.oo .oo .oo .oo .oo .oo .oo .oo .oo .oo 
.oo .oo .oo - 00 .oo .oo .oo .oo .oo .oo 
.oo .oo .oo - 00 .oo .oo .oo .OO .oo .oo 
.oo .oo .oo .oo .oo .oo .oo .oo .oo .oo 
.oo .oo .oo .oo .DO .oo .cc .OO - 00 .oo 
.oo .oo .oo .oo .oo .oo .oo .oo .oo .oo 
.oo .oo .oo .oo .oo .oo .oo .oo .oo .oo 
.oo .oo .oo .oo .oo .oo .oo .01 .oo .01 
.01 .01 .01 .01 .01 .01 .01 .01 .03 .03 
.03 .09 .09 .09 .01 .01 .01 .01 .01 .01 
.01 .01 .01 .O1 .01 .01 .oo .oo .oo .oo 
.oo .oo .oo .oo .oo .oo -00 .oo .oo .oo 
.oo .oo .oo .oo .oo .oo .oo .oo .oo .oo 
.oo .oo -00 . 00 .oo .oo .oo .oo .oo .oo 
.oo .oo .oo .oo .oo .oo .oo .oo - 00 .oo 
.oo .oo .oo .oo .oo .oo .oo .oo .oo .oo 
.oo .oo .oo .oo .oo .oo .oo .oo .oo .oo 
.oo . 00 .oo .DO .oo .oo .oo .oo .oo .oo 
.oo .oo .oo .oo .oo .oo .oo .oo .oo .oo 
.oo .oo .oo .oo .oo -00 .oo .oo .oo .oo 
.oo .oo .oo - 00 .oo .oo .oo .oo .oo .oo 
.oo .oo .oo .oo .oo .oo .oo .oo .oo .oo 
.oo .oo .oo .oo .oo .oo .oo .oo .oo .oo 
.oo .oo .oo .oo .oo .oo .oo .oo 

---.- DSS---ZOPEN: Existing File Opened, File: SC-UPDEX.DSS 
Unit: 71; DSS Version: 6-JG 

- - - - -  DSS---ZWRITE Unit 71; VerS. 2 :  /HAWES RD Q BROADWAY RD/HAWES CHANNEL PROJECT/FLOW/3lMAR1997/5MIN/HYDROGRAPH/ 
- - - - -  DSS---ZWRITE Unit 71; Vers. 2 :  /HAWES RD Q BROADWAY RD/HAWES CHANNEL PROJECT/FLOW/OlAPRl997/5MIN/HYDR0GRAPH/ 
.---- DSS---ZWRITE Unit 71; Vers. 2: /HAWES RD @ BROADWAY RD/HAWES CHANNEL PROJECT/FLOW/O2APR1997/5MIN/HYDRoGRAPH/ 
- - - - -  DSS---ZWRITE Unit 71; Vers. 2: /HAWES RD Q BROADWAY RD/HAWES CHANNEL PROJECT/FLOW/03APR1997/5MIN/HYDROGRA~/ 
- - - - -  DSS- - -ZWRITE Unit 7 1 ;  Vers. 2: /HAWES RD Q BROADWAY RD/HAWES CHANNEL PROJECT/FLOW/~~APR~~~~/~MIN/HYDROGRAPH/ 
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268 KO OUTPUT CONTROL VARIABLES 
I PRNT 5 PRINT CONTROL 
IPIAT 0 PLOT CONTROL 
QSCAL 0. HYDROGRAPH PLOT SCALE 
IPNCH 0 PUNCH COMPUTED HYDROGRAPH 
IOUT 21 SAVE HYDROGRAPH ON THIS UNIT 
ISAVl 1 FIRST ORDINATE PUNCHED OR SAVED 
I SAV2 1000 LAST ORDINATE PUNCHED OR SAVED 

TIMINT 1.000 TIME INTERVAL IN HOURS 

DSS---ZWRITE Unit 71: Vers. 2: /FLOW AETER 360 CFS DIVERT TO WES/HAWES CHANNEL PROJECT/FLOW/31FIAR1997/5MIN/HYD/ 
-..-- DSS---ZWRITE Unit 71: Vers. 2: /FLOW AFTER 360 CFS DIVERT 1'0 WES/HAIIES CHANNEL YROJECT/FLOW/OlAPRl997/SMIN/HYD/ 
..... DSS---ZWRITE Unit 71; Vers. 2: /FLOW AFTER 360 CFS DIVERT TO WES/IIAIIES t!iANNEL PROJECT/FLOW/O2APR1997/SMIN/HYD/ 
---.. DSS---ZWRITE Unit 71; Vcrs. 2. /FLOW AFTER 360 CFS DIVERT TO WES/BAUES CHANNEL PROJECT/FI.OW/03APR1997/5MIN/HYD/ 
-.... DSS---ZWRITE Unit 71; Vers. 2. /FLOW AFTER 360 CF5 DIVERT TO WES/IIA\IES C:LRNNEL PROJECT/FIDW/04APR1997/5MIN/HYD/ 
----. DSS---ZWRITE Unit 71; Vers. 2: /FLOW SOUTHERN AND HAWES BEFORE S/HAWES CHANNEL P R O J / F W W / ~ ~ M A R ~ ~ ~ ~ / S M I N / H Y ~ R /  
--.-- DSS---ZWRITE Unit 71; VeIS. 2: /FLOW SOUTHERN AND HAWES BEFORE S/HAWES CHANNEL PROJ/FLOW/OlAPRl997/5MIN/HYDR/ 
- - - - -  DSS---ZWRITE Unit 71; VeIS. 2: /FLOW SOUTHERN AND HAWES BEFORE S/HAWES CHANNEL PROJ/FLOW/O2APR1997/5MIN/HYDR/ 
.-..- DSS---ZWRITE Unit 71; Vers. 2: /FLOW SOUTHERN AND HAWES BEFORE S/HAWES CHANNEL PROJ/FLOW/03APR1997/5MIN/HYDR/ 
..... DSS---ZWRITE Unit 71; Vers. 2: /FLOW SOUTHERN AND HAWES BEFORE S/HAWES CHANNEL PROJ/FLOW/O4APR1997/5MIN/HYDR/ 

1 

RUNOFF SUMMARY 
FLOW IN CUBIC FEET PER SECOND 

TIME IN HOURS, AREA IN SQUARE MILES 

PEAK TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD BASIN MAXIMUM TIME OF 
OPERATION STATION FLOW PEAK AREA STAGE MAX STAGE 

6-HOUR 24-HOUR 72-HOUR 

HYDROGRAPH AT 
5 0A 89. 12.25 8. 2. 1. .08 

HYDROGRAPH AT 
SOB 152. 12.33 18. 5. 2. .16 

HYDROGRAPH AT 
5OC 32. 12.33 3. 1. 0. .03 

3 COMBINED AT 
COABC 264. 12.33 30. 8. 3. .27 

ROUTED TO 
CAP1 264. 12.33 30. 8. 3. .27 

ROUTED TO 
BASIN1 161. 12.50 30. 8. 3. .27 

ROUTED TO 
RCAPl 136. 13.08 30. 8. 3. .27 

HYDROGRAPH AT 
18C 453. 12.25 57. 18. 6. .39 

DIVERSION TO 
Dl8C 72. 12.25 9. 3. 1. .39 

HYDROGRAPH AT 
RETlBC 380. 12.25 48. 15. 5 .  .39 

2 COMBINED AT 
Cl8C 401. 12.33 77. 23. 8. .66 

ROUTED TO 
18T24 379. 12.33 77. 23. 8. .66 

HYDROGRAPH AT 
18D 80. 12.08 7. 2. 1. .04 

ROUTED TO 
18DT24 69. 12.17 7. 2. 1. .04 

HYDROGRAPH AT 
24A YO. 12.00 7. 2. 1. .04 

2 COMBINED AT 
C24A 135. 12.08 13. 4. 1. .09 

ROUTED TO 
24ATB 124. 12.17 13. 4. 1. .09 

HYDROGRAPH AT 
24B 374. 12.17 37. 12. 4. .26 

DIVERSION TO 
D24B 67. 12.17 6. 2. 1. .26 

HYDROGRAPH AT 
RFP24B 307. 12.17 31. 10. 3. .26 

2 COMBINED AT 



+ C24B 

2 COMBINED AT 

DIVERSION TO 
+ DIVBRD 

HYDROGRAPH AT 
+ BRDHAW 

ROUTED TO 
RT31B1 

ROUTED TO 
+ RT31B2 

ROUTED TD 
+ RT31B3 

HYDROGRAPH AT 
+ 318 

DIVERSION TO 
+ D3 1BS 

HYDROGRAPH AT 
03185 

2 COMBINED AT 
+ C31B 

DIVERSION TO 
+ D31W 

HYDROGRAPH AT 
+ 0315 

ROUTED TO 
+ 311'381 
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***  NORMRL END OF HEC-1 * * *  

..--- DSS---ZCLOSE Unit: 71. File: SC-UPDEX.DSS 
Pointer utilization: - 2 5  
Number of Records: 15 
File Size: 31.9 Kbytes 
Percent Inactive: .O 

?? 

Updated Existing Conditions for CAP Overchute Analysis 

C:\HECEXE\S~-UPDEX.OUT\ 
Page 1 of 16 



APPENDIX A 

CAP OVERCHUTE BASIN 

Proposed Conditions Hydrology (HEC-1) 
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l * * ' * * * ' * * * * * . * * . * * . * t . t * . * . * . * . * * * * . * b + * *  

FLOOD HYDROGRAPH PACKAGE (HEC - 1) ' 
JUN 1998 

VERSION 4.1 

* RUN DATE 08SEP04 TIME 14:16:58 

..*****.********tt..".*******.**t*ttt*t** 

X X XXXXXXX XXXXX X 
X X X  X X XX 
X X X  X X 
XXXXXXX XXXX X XXm X 
X X X  X X 
X X X  X X X 
X X XXXXXXX XXXXX XXY 

* * * * + t * t . * t t * * * t * t t t 1 t t 1 1 t t t f * t * . L * * * * t *  

* U.S. ARMY CORPS OF ENGINEERS 
HYDROLOGIC ENGINEERING CENTER 

609 SECOND STREET 
DAVIS, CALIFORNIA 95616 

(916) 756-1104 

t*t**t*ttt.t*t****~*********~.*.**..t** 

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HECl (JAN 73). HEClGS, HEClDB, AND HEClKW. 

THE DEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE W G E D  FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTURE. 
THE DEFINITION OF -AMSKK- ON RM-CARD WAS CHANGED WITH RNISIONS DATED 28 SEP 81. THIS IS THE FORTRAN77 VERSION 
NEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY, 
DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT INFILTRATION 
KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM 

HEC-1 INPUT PAGE 1 

LINE ID. 

File: SCFINAL.DAT 
oate: 9-07-04 
Revised by: LMJM+HARRIS 
Hydrology: 100-year, 24-hr Existing Conditions 

Quick Note: THIS IS THE REVISED MODEL TO REFLECT THE EXTENSION 
OF THE LOOP 202 THROUGH BASIN 50. 
IT SHOULD BE COMPARED TO THE UPDATED EXISTING 
CONDITIONS MODEL UPEXST.DAT. 

This is a modified, truncated version of HEC-1 file NE200245.DAT. 
This model is used to evaluate the impact of the Loop 202 extension 
through Subbasin 50 on the local area and the immediate downstream 
watershed area. 

This model consists of Subbasin 50 and the watershed downstream to 
routed hydrograph 311381. All else has been removed 

Outside of the initial model truncation, the modifications of 
this model include: 

1) Subdividing Basin 50 into 3 subbasins (SOAFWY, 50BFWY h 50CPWY). 
The original East Mesa ADMP land use and soil hydrologic 
were used but subdivided into three areas. The landuse was then 
updated in each basin to account for the impact of the proposed 
extension of the Loop 202 freeway. 

2) CAPl revised to agree with new elevation data and 
analysis of the CAP 3-54" overchute. 
In addition, CAPl was found to provide no significant effective 
storage behind the canal and had little attenuating impact 
on the hydrology due to the amount of flow draining to the 
overchute, the capacity of the overchute pipes themselves and the 
temporary nature of the storage (due to the capacity of the 
overchute pipes. 
CAPl could essentially be removed Erom the hydrology, however, 
as the removal of CAPl might be questioned, it was instead 
revised to show no storage behind the canal (all volume or 
area data was set to zero). 
This is also considered a conservative assumption since some 
temporary ponding must occur to push flow through the pipes. 
Ponding should not adversely impact adajacent residential 
properties above the existing conditions. 

3) Revised BASIN1 retention storage data for new top0 information. 

The Subbasin 50 basin hydrologic parameters are based upon 
the existing conditions and developed using DDMSW V2.1.0. 

**~**.*l.t.t**tt******~..*.t. .**.t*t.****..*.~*.**.. . .~*******,****.***.****** 

t.. *. .***.t*ttt*****tt*****.*.**. . ,* .********. . . .*~***""**.******~*..*.~~.~.~** 

..**tt****t..t.***********.*t**ttt..t*****~~.**.*****~~*.**"***.**..*~.**..*** 

MODEL NAME: NE200245.DAT Revised by PARSONS BRINCKERHOFF - December 2003 

HEC-1 INPUT PAGE 2 
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7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
2 0 
21 
2 2 
23 
24 
25 
26 
27 
28 
2 9 
30 
31 
32 
33 
3 4 
35 
36 
37 
3 8 
39 
4 0 
41 
42 
43 
44 
45 
46 
47 
4 8 
4 9 
5 0 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 

LINE 

62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
7 9 
8 0 
8 1 
82 
8 3 
84 
85 
86 
87 
88 
8 9 
90 
91 
92 
93 
94 
95 

ID This model includes the following revisions to DMJM+lARRIS model 
ID NE202USR.DAT dated December 2003. 
ID 
ID 1. The storage volumes for the NE-1, NE-2. NW-1, NW-2 and Southern Avenue 
ID detention basins have been updated per the final basin geometry. 
Tn 

2. The discharge rates for detention basins Nw-1 and NI9-2 have been revised 
to reflect the revisions to the outlet structures and emergency 
spillways. 

3. The diversion at the box culvert system at southern Avenue and Hawes 
Road was revised to simulate blockage of 2 barrels of the existing 3 
barrel box culvert under Southern. 

4. The diversion at the lateral weir in the Southern Avenue Channel was 
revised to reflect the final weir geometry and rating analysis. 

MODEL NAME: Ne2002us.DAT Revised by DMJM+EIARRIS - ~ugust 2003 

This model includes various revisions to incorporate the Red Mountain Freeway 
in association with the University Drive to Southern Avenue. 

CHANGES TO THIS MODEL INCLUDE THE FOLLOWING: 

1. In order to reflect the proposed 202 Freeway Loopand to facilitate design, 
drainage basins 18D. 18C and 24 were further subdivided. Additional 
concentration points were added to provide discharges at more locations. 

-- 

ID 2. Drainage basin areas for 50 and 202A were modified to reflect design 
ID refinements to the Power to University segment of the Red Mountain Freeway 
ID 
I,, ..t**r+****++**+*+*~.~***~*t*.***tttt*..~*****.**.**.*******.**..*****.******* 

ID + r + r + r r r r r t t * t r + r r r * * ~ * ~ * * * + + * * ~ ~ * * ~ + t * + + * * . * * ~ * + . * * ~ * * * * * + * * * * * * * + * * + * + * * * * + *  

ID 
ID MODEL NAME: Ne200235.DAT Revised by DMJMtHARRIS - July 2002 
ID 
ID This model includes various revisions to incorporate the Red Mountain Freeway 
ID in association with the 202L/US60 Traffic Interchange Design Concept Report. 
ID 
ID CHANGES TO THIS MODEL INCLUDE THE FOLLOWING: 
ID 
ID 1. In order to reflect the proposed 202 Freeway Loop, basin areas for 18C. 
ID 23, 24, 31A and 31B were revised. Drainage basins 18D. 202A. 2028. and 
ID 2020 were added. Basin 38 was split into 38A and 388 due to the 202 Loop. 
ID 
ID 2. Several concentration points have been added and basins have been routed 
ID to reflect the proposed Red Mountain Freeway alignment. 
TD -- 
ID 3. Existing detention basins (ADOTI have been removed and new detention 
ID basins are proposed as part of the freeway construction. 
ID 

HEC-1 INPUT PAGE 3 

ID 4. ModiEications were made to the previous (Ne20030) model per the City of 
ID Mesa to remove the connection of the Southern Ave. Channel from the 
ID structure at Hawes Rd. and instead connect to the Hawes Channel south of 
ID the intersection. 
ID 
ID "***.*****+**"+*.****t..**1)".tt*.***.*.*.****,~*******..*******,*..*+*""**** 

ID ""** '*".***"***********t**~*.*t****t.*.***.,**,*.,*..*.**~***~*.*******.*~ 

ID * *  Previous " MODEL NAME: NE2002.DAT 
ID 
ID THIS MODEL COVERS THE AREA EAST OF HAWES ROAD AND THE SOSSAMAN CHANNEL 
ID MAJOR CHANGES TO THIS MODEL INCLUDE THE FOLLOWING: 
ID 
ID 1. OLD SUBBASIN 18A HAS BEEN SPLIT INTO TWO SUBBASINS. SUBBASIN 18C REMAINS 
ID IN THIS MODEL AS PART OF THE HAWES CHANNEL INFRASTRUCTURE 
ID 2. OLD SUBBASIN 30 IIAS BEEN SPLIT INTO SUBBASIN 30A AND SUBBASIN 308. 
ID SUBBASIN 30 GETS INTERCEPTED BY A CHANNEL ON THE NORTH SIDE OF CORALBELL 
ID AND GETS ROUTED TO SUBBASIN 31A. SUBBASIN 30B STILL GOES SOUTH ALONG 
ID ELLSWORTH ROAD 
ID 3. FOR THE 2002 YEAR CONDITION, ALL CAP DETENTION BASINS HAVE BEEN PLACED IN 
ID THE MODEL. THEIR OUTLET CHANNELS HAVE FOR THE MOST PART NOT BEEN INCLUDED 
ID IN THIS MODEL. THE OUTLET CHANNELS WILL BE IN THE FIJTJRE MODEL 
ID ............................................................................ 

ID 
ID SOUTHEAST MESA AREA DRAINAGE MASTER PLAN 
ID AREA NORTH OF SUPERSTITION FREEWAY 
ID 
ID 
ID REVISED BY VALERIE SWICK, OCTOBER-NOVEMBER 1996 
ID TO INCORPORATE THE SUPERSITION STRUCTURES AND COMBINE MODELS 
ID 
ID FILENAME: MESANE.DAT 
ID 
ID THIS MODEL REPRESENTS THE EXISTING CONDITION OF THE WATERSHED. 
ID TOTAL DRAINAGE AREA IS APPROXIMATELY 17 SQ. MI. 
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LINE 

LINE 

100-YEAR 24-HOUR FREQUENCY 

METHODOLOGY 
THE US CORPS OF ENGINEERS FLOOD HYDROLOGY MODEL HEC-1 DATED SEP1990 VER 4 . 0  
SCS TYPE I1 RAINFALL DISTRIBUTION 
S-GRAPH HYDROGRAPH 
GREEN AND RMPT INFILTRATION EQUATION USED FOR CALCULATING LOSSES 
NORMAL DEPTH STORAGE CHANNEL ROUTING 
APPROXIMATE DIRECTION, LOCATION, AND LENGTH OF THE WASHES HAVE BEEN 
EVALUATED BASED ON FIELD INVESTIGATION, USGS MAPS, LANDIS AERIAL SURVEYS 
DATED 1994 
THE NOAA TECHNICAL MEMORANDUM NOAA ATLAS 2 DEPTH AREA RATIOS 

INITIAL STUDY PERFORMED BY LISA C. YOUNG 
REVIEWED BY VALERIE A .  SWICK 
HYDROLOGY BRANCH ENGINEERING DIVISION, FLOOD CONTROL 
DISTRICT OF MARICOPA COUNTY, DECEMBER - JULY 1995.  

ASSUMED VELOCITY OF 1 FT/SEC FOR SHEET FLOW, 2 PT/SEC FOR WASH/NATURAL 
HEC-1 INPUT PAGE 4 

ID CHANNEL, 3 FT/SEC FOR ROAD AND GRASS CHANNEL, 10F'T/SEC FOR CONCRETE CHANNEL 
ID 
ID 
ID LAST UPDATED ON 3/13/98 
ID 
ID UPDATE WAS BASED UPON NEW MAG LAND USE DEFINITIONS FOR SINGLE FAMILY HOUSING 
ID 
ID DDM MCUHPZ MESA AREA DRAINAGE MASTER PLAN 
'DIAGRAM 
IT 5 lAPR97 0000 1000 
I0 5 
IN 1 5  
JD 3.600 . O 1  ............................................................................... 
* DMJM+HARRIS - PC data is from the original East Mesa ADMP. 
* . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

PC ,000 .002 .005 .008 .011 .014 ,017 .020 .023 .O26 
PC .029 .032 .035 .038 -041  .044 ,048 .052 .056 .060 
PC ,064 .068 .072 .076 ,080 .On5 .090 .095 ,100  ,105  
PC .110 ,115 . I20  . I 2 6  -133 .140 . I47  . I 5 5  . I 6 3  . I 7 2  
PC . I 8 1  , 191  .203 .218 ,236  .257 .283 .387 .663 .707 
PC .735 .758 -776 - 7 9 1  .804 .a15 ,825 .834 ,842  .849 
PC .a56 . a63  .869 .875  .881 .887 .893 .898 .903  .908 
PC .913 .918 .922 .926 .930 .934 .938 ,942 .946 ,950  
PC .953 .956 ,959 ,962  ,965  .968 ,971  ,974 .977 ,980  
PC .983 .986 .989 .992 ,995 .998 1 .000  
JD 3.58 1 . 0  
JD 3 .49  5 .0  
JD 3.38 1 0 . 0  
JD 3.24 30.0 
JD 3.10 60.0 
JD 3.05 90.0 
JD 3.00 120.0 
JD 2.97 150.0 

* DDM * * * * *  Updated **"* 

t .............................................................................. 

SCI - Subbasins 50AFWY. 50BFWY and 5OCFWY comprise the area of the original 
Basin 50 

* **,********.*****..**,***tt**t..**tt.****~~..*~****.***.*~*~*".**~*~*******.*. 

KK 5OAFWY BASIN 
BA .08 
LG .32 . 30  4.00 .47 8.00 
UI 1 2 .  44.  67.  96. 136.  96. 68 .  43.  20 .  13 .  
UI 6 .  4 .  4 .  0. 0 .  0 .  0 .  0 .  0 .  0 .  
UI 0 .  0 .  0 .  0. 0. 0. 0 .  0 .  0 .  0 .  

HEC-1 INPUT PAGE 5 

KK 50BPWY BASIN 
BA .16 
LG .29 .25 4 .00  .54 18 .00  
UI 1 8 .  47.  87.  1 1 3 .  148 .  222.  183 .  1 4 1 .  108 .  79. 
UI 41. 31.  1 9 .  11. 6 .  6 .  6 .  0 .  0 .  0 .  
UI 0.  0 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  

KK COAB 
KM Combines subbasins 50AFWY and SOBFWY. 
HC 2 

* . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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+ DMJM+HARRIS - Subbasins SOCEWY is subbasin 50C revised to include Loop 
202 freeway extension. 
Total volume of runoff from 50CFWY is approximately 5 acre-ft . .............................................................................. 

KK 5OCFWY BASIN 
BA .03 
LG .27 .32 4.00 .41 25.00 
UI 5. 18. 27. 39. 55. 39. 28. 18. 8. 5. 
UI 2. 1. 1. 0. 0. 0. 0. 0. 0. 0. 
UI 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 

KK CBASIN 
KO 1 

RS 1 FLOW -1 
S A 0 0.087 0.530 0.790 0.891 1.038 1.226 
S E 1 5 6 9 . 5  1570 1571 1572 1573 1574 1575 
SQ 0 0 3 9 13 63 150 

KK COABC 
KM Combines subbasins SOAFWY, SOBFWY and 50CFWY. 
HC 2 

.............................................................................. 

+ DMJM+KRRRIS - Below is the original Basin 50 hydrologic parameters 
.............................................................................. 

+ K K  50 
+ KM BASIN 50 
+ KM THE FOLLOWING PRRAMETERS WERE PROVIDED FOR THIS BASIN 
* KM L= . 9  Lca= .4 SE 81.4 Kn= .037 LAG= 15.8 
+ KM PHOENIX VALLEY S-GRAPH WAS USED FOR THIS BASIN 
BA .28 

+ LG -33 .31 4.00 -49 5.00 
UI97. 306. 543. 575. 342. 149. 71.  21. 18. 0. 

' UI 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
UI 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 

* DDM **"* Preserved " ' + *  

* *  ****~~**t****"****.*..****.*..t.***t************,******."."...******.~.**.** 
DMJM+HARRIS - CAP1 revised to provide no storage behind CAP canal and tor new 

beginning of the analysis) 
* . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

HEC-1 INPUT PAGE 6 

ID. ...... 1.......2.......3.......4.......5.......6.......7.......8.......9......10 

KK CAPl 
RS 1 STOR -1 
S A 0 0 0 0 0 
SE 1567.7 1568 1570 1572 1574 

SQ 0 2 81 246 134 

KK CAPl 
KO 1 
RS 1 FLOW -1 

S V  0 0.091 0.575 3.319 13.256 
SE 1566 1568 1570 1572 1574 

+ SQ 5 90 275 470 610 

t*****.+**~***.****t*******tt*ttt**".".**,.*+**.**.*****~***.***.*.~****.****~ 

DMJMIHARRIS - BASINl revised to reflect As-built basin storage 
SA record modified based upon new top0 data. 
SE record modified to agree with top0 data 
SL record modified to set outlet at bottom of hasin 
SS record modified to set weir crest at top of basin 

* * * *  t************t...***.*t.tt*ttt***tt***.***"~**..**.***~*.****..*.********~" 

KK BASINl 
KM DETENTION BASIN LOCATED DOWNSTREAM FROM CAP1 OVERCHUTE 
KM WITH 24-INCH OUTFALL 
' KO 1 
RS 1 STOR -1 
SA 0.01 0.08 0.28 0.58 1.43 2.43 3.65 4.02 
SE 1555 1556 1557 1558 1559 1560 1561 1562 
SL 1555 3.14 .62 .5 
SS 1560 50 2.5 1.5 

KKBASINS 
KM NEW DETEPSrION BASIN LOCATED DOWNSTREAM FROM CAPl 
KM WITH 24-INCH OUTFALL 

* RS 1 STOR -1 
* SA 0.01 1.94 3.10 3.49 3.94 4.40 4.85 
* S E  60 61 62 63 64 65 6 6 
SL 60.2 3.14 .62 .5 

* SS 64 50 2.5 1.5 
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DDM "+ * *  Preserved * '**+ 

KK RCAPl 
KM ROUTE CAP OVERCHUTE #1 TO SUBBASIN 18A 
RS 11 FLOW -1 
RC .05 ,045 .05 7000 .02 
RX 100 200 300 301 303 304 404 505 
RY 6 5 2 0 0 2 5 6 

* *  Revised by DMJMIHARRIS to reflect Red Mountain Freeway Design concepts 
* * *  Additional Refinements were made with the University to Southern Segment 

* DDM * * * * *  Updated 
HEC-1 INPUT PAGE 7 

KK 18C BASIN 
KM BASIN lac 

KM THIS IS THE FUTURE SUBBASIN WITH LESS AREA DUE TO 202L FREEWAY 

BA 0.386 
LG 0.21 0.27 4.10 0.50 31 
UI 50 159 265 349 552 522 383 282 184 88 
UI 64 37 15 16 15 0 0 0 0 0 
UI 0 0 0 0 0 0 0 0 0 0 

KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
' KM L= 1.0 Lca= .5 S= 60.6 Kn= .071 LAG= 24.1 
* KM L= 1.2 Lca- .7 Ss 66.1 Kn= .061 LAG= 37.2 

* * * * *  Revised by DMJM to reflect Red Mountain Freeway Design Concepts * * * * *  

KM PHOENIX VALLEY S-GRAPH WAS USED FOR THIS BASIN 
BA ,4172 
L1: .28 .29 4.10 .48 19.00 

U I 5 8 .  207. 326. 450. 691. 528. 384. 
9 UI 49. 18. 18. 18. 0. 0. 0. 
* UI 0. 0. 0. 0. 0. 0. 0. 
* BA .50 
LG .22 .25 4.00 .57 44.00 

* UI 45. 75. 180. 237. 287. 355. 507. 
UI268. 214. 140. 80. 72. 45. 34. 

U I 1 4 .  14. 0. 0. 0. 0. 0. 
U I  0. 0. 0. 0. 0. 0. 0. 

KK D1ac 
KM RETAIN THE 100 YEAR 2 HOUR VOLUME (53% OF BASIN HAS 
DT Dl8C 20 
DI 0 loo00 
DQ 0 10000 

RETENTION) 

KK RETl8C 
KM RETAIN THE 100 YEAR 2 HOUR VOLUME (16% OF BASIN HAS RETENTION) 
DT Dl8C 5.00 
Dl 0 10000 

YQ 0 1600 

DDM *"+* Preserved * * * * I  

KK Cl8C 
KM COMBINE FLOWS FROM ROUTED FLOW OF SUBBASIN 50 WITH PLOW FROM 18c  
KM BEFORE CROSSING UNDERNEATH APACHE BLVD AND GOING INTO THE HAWES CHANNEL 
HC 2 

DDM '*'** Preserved *****  
HEC-1 INPUT 

ID. ...... 1 ....... 2.......3 ....... 4.......5.......6.......7.......8.......9...... 10 

PAGE 8 

18T24 
REACH HS-6, HS-7, HS-8 
ROUTE FWWS FROM SUBBASIN 1 8 A  M SUBBASIN 24. 

1 FLOW - 1 
.025 .015 .025 2730 0.0017 

0 8 16 26 46 58 65 73 
5.0 5.1 5.2 0 0 5.2 5.1 5.0 

THE ABOVE CHANNEL DIMS ARE BASED ON THE NARROWEST DESIGN REACH. 

KK 18D BASIN 
KM BASIN 18D 
BA 0.044 
LG 0.20 0.27 4.00 0.54 34 
UI 33 103 128 53 17 5 0 0 
UI 0 0 0 0 0 0 0 0 

KM THIS IS THE FUTURE SUBBASIN CREATED BY 202L BISECTING 18C 
' KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
* KM L= 1.2 Lca= .7 S= 66.1 Kn= .061 LAG= 37.2 
* KM LS .7 Lca= .4 S= 50.0 Kn= .071 LAG. 29.7 
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1 

LINE 

+ KM PHOENIX VALLEY S-GRAPH WAS USED FOR THIS BASIN 
* BA .I367 
' LG .28 .29 4.10 .48 19.00 
*UI16. 40. 75. 96. 127. 188. 152. 117. 89. 64. 
UI 33. 25. 16. 8 .  5. 5. 5. 0. 0. 0. 

U I  0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 

KK 18DT24 
KM ROUTE FLOWS FROM SUBBASIN 18D TO C24A 
RS 2 FLOW - 1 
RC ,035 ,025 ,035 2820 0.0071 
RX 0 5 20 3 6 44 6 0 7 5 80 
RY 4.4 4.3 4.0 0 0 4.0 4.3 4.4 

KK 24A BASIN 
KM BASIN 24A 
BA 0.044 
LG 0.11 0.30 4.00 0.52 36 
UI 62 179 7 9 16 0 0 0 0 
UI 0 0 0 0 0 0 0 0 

KK C24A 
KM COMBINE FLOWS PROM 18D AND 24A 
HC 2 

HEC-1 INPUT PAGE 9 

KK 24ATB 
KM ROUTE C24A TO C24B VIA CONCRETE CHANNEL 

KM VELOCITY s 5FT/S 
RS 2 FLOW -1 

RC 0.045 0.022 0.042 2630 0.0095 

RX 0 102 103 106 121 124 128 270 
RY 7 6.5 6 0 0 3 5 7 

**" Revised by DMJM+HARRIS to reflect Red Mountain Freeway Design Concepts * *  
* - *  Additional Refinements were made with the University to Southern Segment 

DDM * + " * *  Updated '** '* 
DDM * * * * *  Inserted **"* 

KK 24B BASIN 
KM BASIN 248 
BA 0.258 
LG 0.24 0.26 4.00 0.54 3 1 
UI 67 230 353 549 372 232 97 5 6 16 
UI 0 0 0 0 0 0 0 0 0 
UI 0 0 0 0 0 0 0 0 0 
* K K  24 
* KM BASIN 24 
* KM THE FOLLOWING PXXAMETERS WERE PROVIDED FOR THIS BASIN 

KM L= .9 Lca= .5 S= 43.5 Kn= ,047 LAG= 24.6 
* KM L= .9 Lca= .5 S= 43.5 Kn= .052 LAG= 30.4 

KM PHOENIX VALLEY S-GRAPH WAS USED FOR THIS BASIN 
' BA .4272 
BA .4272 
LG .23 .26 4.00 .56 38.00 

U I 4 7 .  117. 223. 286. 373. 562. 484. 372. 285. 
+UI116. 80. 53. 34. 15. 15. 15. 15. 0. 
UI 0. 0. 0. 0. 0. 0. 0. 0. 0. 

* BA .29 
* LG .23 .26 4.00 .58 38.00 
U I 4 0 .  138. 220. 300. 469. 376. 275. 9 5  100. 
U I 4 0 .  12. 12. 12. 0. 0. 0. 0. 0. 
'UI 0. 0. 0. 0. 0. 0. 0. 0. 0. 

KK RET24B 
KM RETAIN THE 100 YEAR 2 HOUR VOLUME (18% OF BASIN HAS RETENTION) 
DT 0248 3.35 
Dl 0 10000 
DO 0 1800 

a** Revised by DMJM+HARRIS to reflect Red Mountain Freeway Design Concepts * *  
* *  Additional Refinements were made with the University to Southern Segment 

HEC-I INPUT 

KK C24B 
KM COMBINE FLOWS FROM C24A AND BASIN 248 
* KK C24 

KM COMBINE FLOWS FROM SlEC AND 524 

PAGE 10 
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* ZW A=HAWES RD 8 BROADWAY RD B=HAWES CHANNEL PROJECT C=FLOW F=HYDROGRA 
HC 2 

KK C24C 
KM COMBINE FLOWS FROM C24B AND ClBC 
* KK C24 
+ KM COMBINE FLOWS FROM S18C AND S24 
ZW A=HAWES RD B BROADWAY RD B=HAWES CHANNEL PROJECT C=FLOW F=HYDROGRAPH 
HC 2 
* 

* DDM *"*+ Preserved **"* 

KK BRDHAW 
KM DIVERT F M W  OF 360 CFS TO THE WEST PER THE CITY OF MESA FUTURE DRAINAGE 
KM SYSTEM 
DT DIVBRD 
Dl 0 200 400 500 700 1000 
DQ 0 o 0 o o 0 
+ Dl 0 200 400 500 700 1000 
D Q  0 200 360 360 360 360 

RT31B1 
THIS ROUTING STEP HAS BEEN BROKEN OUT OF A LARGER SEQUENCE FOR SIMPLICITY 
REACH HS-5 plus culvert HSC-4 
ROUTE FLOWS FROM HAWES ROAD AND BROADWAY ROAD (C24) TO CORAL BELL AVENUE. 

21 10 
A=FLOW AFTER 360 CFS DIVERT TO WEST B-HAWES CHANNEL PROJECT C=FLOW FzHYDRO 

1 FLOW -1 
.025 .015 ,025 1312 0.0015 

0 8 15 28 68 81 89 97 
6.2 6.4 6.5 0 0 6.5 6.4 6.2 

KK RT31B2 
KM THIS ROUTING STEP HAS BEEN BROKEN OUT OF A LARGER SEQUENCE FOR SIMPLICITY 
KM REACH HS-4A AND HS4-B plus culvert HSC-3 
KM ROUTE FLOWS FROM CORAL BELL AVENUE TO EMELITA AVENUE. 
RS 1 FMW - 1 
RC .025 ,015 .025 2080 0.0018 
RX 0 8 15.9 16 66 66.1 74 82 
RY 5.8 5.9 6.1 0 0 6.1 5.9 5.8 

HEC-1 INPUT PAGE 11 

ID... .... 1.......2.......3.......4.......5.......6.......7.......8.......9......10 

KK RT31B3 
KM THIS ROUTING STEP HAS BEEN BROKEN OUT OF A LARGER SEQUENCE FOR SIMPLICITY 
KM REACH HS-3 
KM THIS REACH IS AN EXISTING CHANNEL FOR THE CRESCENT RUN MOBILE HOME PARK. 
KM The existing channel 5.6 ft deep has no freeboard. Overbank flows in street 
KM Routing values per channel design plans. 
KM Sheet 2 of 19, City of Mesa Project 97-69. 
KM ROUTE FLOWS FROM EMELITA AVENUE TO SOUTHERN AVENUE (C31) WITHIN SUBBASIN 31B. 
RS 1 FLOW -1 
RC ,025 .015 .025 1935 0.0033 
RX 0 35.6 41.6 50 66.7 75.1 81.1 92.0 
RY 5.4 4.7 5.6 0 0 5.6 7.6 7.7 

* DDM "*** Updated +tlf+ 

KK 31B 
KM BASIN 318 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
* KM L= 1.2 Lea= .5 S= 29.7 Kn= .049 LAG= 30.8 
KM L- 1.2Lca= .5 S= 29.7 Kn= .077 LAG. 23.2 
KM PHOENIX VALLEY S-GRAPH WAS USED FOR THIS BASIN 

BA .44 
LG 0.31 0.32 4.45 0.35 11 
UI 31 31 88 132 162 184 218 263 356 
UI 302 254 217 187 152 124 77 54 51 
UI 31 19 10 9 9 10 9 10 0 
UI 0 0 0 0 0 0 0 0 0 
* BA .720 
LG .31 .32 4.45 .35 11.00 

UI104. 391. 602. 859. 1236. 884. 629. 407. 187. 
U I 5 9 .  32. 32. 0. 0. 0. 0. 0. 0. 
'UI 0. 0. 0. 0. 0. 0. 0. 0. 0. 

BA .47 
9 LG .24 .25 4.45 .46 37.00 
* UI 52. 125. 240. 309. 399. 601. 544. 416. 321. 
UI141. 88. 63. 44. 16. 16. 16. 16. 0. 
* U I  0. 0. 0. 0. 0. 0. 0. 0. 0. 

KK 03185 
KM RETAIN 100 YEAR 2 HOUR, (66% FOR FUTURE DEVELOPMENT) 
DT D31BS 23 
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Dl 0 10000 
DQ 0 10000 

* DDM *+** *  Preserved "*** 

* re*** Revised by DMJM to reflect Red Mountain Freeway Design Concepts 

HEC-1 INPUT PAGE 12 

KK C31B 
KM COMBINE FLOWS FROM C24 RND 318 
ZW A=FLOW SOUTHERN AND HAWES BEFORE SPLIT BOX B=HAWES CHANNEL PROJ C=FLOW F=HYDR 
HC 2 

DDM +****  Preserved *****  
KK D31W 

KK D31S 

KM THIS DIVERT RECORD IS FOR THE BOX CULVERT SYSTEM AT SOUTHERN AVE AND HAWES 
KM IT IS BASED UPON A HEC-RAS ANALYSIS OF THE FOLLOWING STRUCTURES: 
KM 3-8'X4' CBC SOUTH, 2-lO'X6' CBC TO THE WEST 
KM THE CULVERT TO THE SOUTH HAS THE TWO THAT ARE THERE NOW WITH AN ADDITIONAL 
KM ONE CONSTRUCTED 
* KO 1 
DT D31W 

**+* Revised by DMJM to reflect Red Mountain Freeway Design Concepts ++*+ "  

+ THESE NEW CARDS BASED UPON HEC-RAS ANALYSIS 
* D l 0  144 182 252 380 454 544 671 758 844 
* DI976 1098 1184 1280 1412 1544 1646 1738 1830 
* DQ 0 0 0 220 316 358 400 460 520 580 
* DQ640 690 740 800 860 920 980 1030 1080 

THESE CARDS BASED UPON HEC-RAS ANALYSIS +++ As Intended +**  

* Dl 0 144 182 252 380 454 544 671 758 844 
* Dl976 1098 1184 1280 1412 1544 1646 1738 1830 
* D Q O  144 182 220 316 358 400 460 520 580 
* EQ 640 690 740 800 860 920 980 1030 1080 

* * *  Revised to help allow proper function of NW Detention Basins (Off-line Typ 
* * * *  Simulating 75% blockage of the Southern Avenue culverts .Iif 

* Dl 0 62 111 230 309 403 504 611 727 847 
* DI 971 1098 1223 1346 
DQ 0 62 111 214 283 362 445 533 629 729 

* DQ 834 941 1049 1155 

***  Revised by PB to simulate blockage of 2 barrels leaving 1 barrel open "* 
**+ of the Southern Avenue Culverts *** 

329 D I 0 62 111 229 306 401 521 636 759 887 
33 0 DQ 0 62 111 214 283 362 445 533 629 730 

HEC-1 INPUT PAGE 13 

....... ....... LINE ID 1 10 

31T381 ROUTED IN TWO STEPS DUE TO CfiANNEL DISSIMIIARITY. 
REACH HS-2 plus culvert HSC-2 
ROUTE FLOWS FROM SOUTHERN AVENUE (C31) IN THE HAWES CHANNEL. 

REACH HS-2 IS A PROPOSED CHANNEL SOON-TO-BE-CONSTRUCTED. IT IS 4.5 FEET 
DEEP, WITH FREEBOARD. CHANNEL CROSS-SECTION FROM DESIGN PLANS FOR 
SOUTHERN AVENUE DRAINAGE IMPROVEMENTS. SHEET 28 OF 43 
CITY OF MESA PROJECT NO. 97-56.1 DESIGN PLANS BY ENTELLUS 
DATED 8/8/97 REV. 12/19/97 
1 FLOW -1 

0.025 0.015 0.025 1248 .0022 
0 32 37 4 6 56 65 73 75 
5 7.0 4.5 0 0 4.5 9.0 9.5 

1 
SCHEMATIC DIAGRAM OF STREAM NETWORK 

INPUT 
LINE (V) ROUTING (-.- >) DIVERSION OR PUMP FLOW 

NO. ( . ) CONNECTOR ( c - - - )  RETURN OF DIVERTED OR PUMPED FLOW 
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159 COAB .......... 

162 SOCEWY 
v 
v 

168 CBASIN 

173 COABC... ......... 
v 
v 

176 CAP1 
v 

269 - - - - - - - , DIVBRD 
266 BRDHAW 

v 
v 

272 RT31B1 
v 
v 

282 RT31B2 
v 
v 

290 RT31B3 

(**) RUNOFF ALSO COMPUTED AT THIS LOCATION 
l""*'*.'*"*"********.*tt.t*t***tt*t*** a .  
* FLOOD HYDROGRAPH PACKAGE (HEC-1) * 

....................................... 
* U.S. ARMY CORPS OF ENGINEERS . 
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JUN 1998 
VERSION 4.1 

* RUN DATE OBSEPO4 TIME 14:16:58 

'' HYDROLOGIC ENGINEERING CENTER + 

609 SECOND STREET 
DAVIS, CALIFORNIA 95616 

(916) 756-1104 

t*tt**.***,**ttt**t*t*tt*tt*tt**tt*tt*t 

*****.**r..t.*..t*****t**t.*t."t****tt*t.~*,*.,***~**,*~*,,*,*,**.**.*,*..~..* 

~***.*.+*.*..**.**l.**t*ttt*.*~..**...*.*****.*..**.*~*~*~*.*.~~*~~~*.*,*,*..* 

*..****~*.t~t*t.***~.~.*t*t****~~*.****,**,*~~,~.~*~**.***~~.,*****..~****~..* 

MODEL NAME: NE200245.DAT Revised by PARSONS BRINCKERHOFF - December 2003 

This model includes the following revisions to DMJMtHARRIS model 
NE2OZUSR.DAT dated December 2003. 

1. The storage volumes for the NE-1, NE-2, NW-1, NW-2 and southern Avenue 
detention basins have been updated per the final basin geometry. 

2. The discharge rates for detention basins NW-1 and NW-2 have been revised 
to reflect the revisions to the outlet structures and emergency 
spillways. 

3. The diversion at the box culvert system at Southern Avenue and Hawes 
Road was revised to simulate blockage of 2 barrels of the existing 3 
barrel box ~ l v e r t  under Southern. 

4. The diversion at the lateral weir in the southern Avenue channel was 
revised to reflect the final weir geometry and rating analysis. 

MODEL NAME: Ne2002us.DAT Revised by DMJMIHARRIS - August 2003 

This model includes various revisions to incorporate the Red Mountain Freeway 
in association with the University Drive to southern Avenue. 

CHANGES TO THIS MODEL INCLUDE THE FOLLOWING: 

1. In order to reflect the proposed 202 Freeway Loopand to facilitate design. 
drainage basins 18D, 18C and 24 were further subdivided. Additional 
concentration points were added to provide discharges at more locations. 

2. Drainage basin areas for So and 202A were modified to reflect design 
refinements to the Power to University segment of the Red Mountain Freeway 

MODEL NAME: Ne200235.DAT Revised by DMJM+HARRIS - July 2002 

This model includes various revisions to incorporate the Red Mountain Freeway 
in association with the 202L/Us60 Traffic Interchange Design Concept Report. 

CHANGES TO THIS MODEL INCLUDE THE FOLLOWING: 

1. In order to reflect the proposed 202 Freeway Loop, basin areas for 18C. 
23, 24. 31A and 318 were revised. Drainage basins 18D. 2OZA. 202B. and 
202D were added. Basin 38 was split into 38A and 38B due to the 202 Loop. 

2. several concentration points have been added and basins have been routed 
to reflect the proposed Red Mountain Freeway alignment. 

3. Existing detention basins (ADOTI have been removed and new detention 
basins are proposed as part of the freeway construction. 

4 .  Modifications were made to the previous (Ne20030) model per the City of 
Mesa to remove the connection of the Southern Ave. Channel from the 
structure at Hawes Rd. and instead connect to the Hawes Channel south of 
the intersection. 

*t**"**t*.t.*~*t*~t***t***.***t*t.***........*....**~*.~~"..*.*...~.~.."*.*... 

.............................................................................. 
** Previous * f  MODEL NAME: NE2002.DAT 

THIS MODEL COVERS THE AREA EAST OF HAWES ROAD AND THE SOSSAMAN CHANNEL 
MAJOR CHANGES TO THIS MODEL INCLUDE THE FOLLOWING: 

1. OLD SUBBASIN 18A HAS BEEN SPLIT INTO TWO SUBBASINS. SUBBASIN 18C REMAINS 
IN THIS MODEL AS PART OF THE HAWES CHANNEL INFRASTRUCTURE 

2 .  OLD SUBBASIN 30 HAS BEEN SPLIT INTO SUBBASIN 30A AND SUBBASIN 30B. 
SUBBASIN 30 GETS INTERCEPTED BY A CHANNEL ON THE NORTH SIDE OF CORALBELL 
AND GETS ROUTED TO SUBBASIN 31A. SUBBASIN 308 STILL GOES SOUTH ALONG 
ELLSWORTH ROAD 

3 .  FOR THE 2002 YEAR CONDITION, ALL CAP DETENTION BASINS HAVE BEEN PLACED IN 
THE MODEL. THEIR OUTLET CHANNELS HAVE FOR THE MOST PART NOT BEEN INCLUDED 
IN THIS MODEL. THE OUTLET CHANNELS WILL BE IN THE FUTURE MODEL 

I* ............................................................................ 
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SOOTXEAST MESA AREA DRAINAGE MASTER PLAN 
AREA NORTH OF SUPERSTITION FREEWAY 

REVISED BY VALERIE SWICK. OCTOBER-NOVEMBER 1996 
TO INCORPORATE THE SUPERSITION STRUCTURES AND COMBINE MODELS 

FILENAME: MESANE.DAT 

THIS MODEL REPRESENTS THE EXISTING CONDITION OF THE WATERSHED. 
TOTAL DRAINAGE AREA IS APPROXIMATELY 17 SQ. MI. 

METHODOLOGY 
THE US CORPS OF ENGINEERS FLOOD HYDROLOGY MODEL HEC-1 DATED SEP1990 VER 4.0 
SCS TYPE 11 RAINFALL DISTRIBUTION 
S-GRAPH HYDROGRAPH 
GREEN AND AMPT INFILTRATION EQUATION USED FOR CALCULATING LOSSES 
NORMAL DEPTH STORAGE CHANNEL ROUTING 
APPROXIMATE DIRECTION, LOCATION, AND LENGTH OF THE WASHES HAVE BEEN 
EVALUATED BASED ON FIELD INVESTIGATION, USGS MAPS, LANDIS AERIAL SURVEYS 
DATED 1994 
THE NORA TECHNICAL MEMORANDUM NO- ATLAS 2 DEPTH AREA RATIOS 

INITIAL STUDY PERFORMED BY LISA C. YOUNG 
REVIEWED BY VALERIE A. SWICK 
HYDROLOGY BRANCH ENGINEERING DIVISION, FLOOD CONTROL 
DISTRICT OF MARICOPA COUNTY, DECEMBER - JULY 1995.  

ASSUMED VELOCITY OF 1 FT/SEC FOR SHEET FLOW, 2 FT/SEC FOR WASH/NATURAL 
CHANNEL, 3 FT/SEC FOR ROAD AND GRASS CHANNEL, 10FT/SEC FOR CONCRETE CHANNEL 

LAST UPDATED ON 3/13/98 

UPDATE WAS BASED UPON NEW MAG LAND USE DEFINITIONS FOR SINGLE FAMILY HOUSING 

DDM MCUHP2 MESA AREA DRAINAGE MASTER PLAN 

OUTPUT CONTROL VARIABLES 
I PRNT 5 PRINT CONTROL 
IPLOT 0 P M T  CONTROL 
QSCAL 0 .  HYDROGRAPH PLOT SCALE 

HYDROGRAPH TIME DATA 
NMIN 5 MINWES IN COMPUTATION INTERVAL 
IDATE 1APR97 STARTING DATE 
ITIME 0000 STARTING TIME 

NQ 1000 NUMBER OF HYDROGRAPH ORDINATES 
NDDATE 4APR97 ENDING DATE 
NDTIME 1115  ENDING TIME '. 
I CENT 19 CENTURY MARK 

COMPUTATION INTERVAL, .08 HOURS 
TOTAL TIME BASE 83.25 HOURS 

ENGLISH UNITS 
DRAINAGE AREA SQUARE MILES 
PRECIPITATION DEPTH INCHES 
LENGTH, ELEVATION FEET 
FLOW CUBIC FEET PER SECOND 
STORAGE VOLUME ACRE-FEET 
SURFACE AREA ACRES 
TEMPERATURE DEGREES FAHRENHEIT 

INDEX STORM NO. 1 
STRM 3.60 PRECIPITATION DEPTH 
TRDA . O 1  TRANSPOSITION DRAINAGE AREA 

PRECIPITATION PATTERN 
.oo .oo .oo .oo .oo .oo 
.oo .oo .oo .oo .oo .oo 
.oo .oo .oo .oo .oo .oo 
.oo .oo .oo .oo .oo .oo 
.OD .oo .oo .oo .oo .oo 
.oo .oo .oo . oo  .oo .oo 
.oo .oo .oo .oo .oo .oo 
.oo .oo .oo .oo .oo . 00 
.oo .oo .oo .oo .oo . 00 
.oo .oo .oo .oo .oo . 00 
.oo .oo .oo .oo .oo . 00 
.oo .oo .oo .oo .oo - 0 0  
.oo .oo .oo .oo .oo .oo 
.01 . 01  . 0 1  . O 1  .01 . O 1  
. 03  .09 .09 . 09  . O 1  - 0 1  
. O 1  . 0 1  .01  .01 .01  . 0 1  
.oo .oo .oo .oo .OD .oo 
. 00 .oo .oo .oo .oo .oo 
. 00 .oo .oo .oo .oo .oo 
.oo .oo .oo .oo .oo . oo  
.oo . oo  .oo .oo .oo . oo  
.oo .OD .oo .oo .oo . 00 
.oo .oo .oo .oo .oo . 00 
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INDEX STORM NO. 2 
STRM 3.58 
TRDA 1.00 

PRECIPITATION PATTERN 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
. 0 1  . 0 1  
.03 .09 
. 0 1  . O 1  
.DO .oo 
. D O  .oo 
. O D  .oo 
.oo .oo 
. D O  . O O  
. O D  .oo 
. D O  .oo 
.DO .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.OD .oo 

INDEX STORM NO. 3 
STRM 3.49 
TRDA 5.00 

PRECIPITATION PATTERN 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .DO 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.01 . 0 1  
.03 . 09  
. 01  . 0 1  
.oo .DO 
.oo .oo 
.oo . D O  
.oo .oo 
.oo .oo 
.oo .DO 
.oo 0 0  
.oo .oo 
.oo .oo 
.oo . O O  
.oo .oo 
.oo .oo 
.oo .oo 

INDEX STORM NO. 4 
STRM 3.38 
TRDA 10.00 

PRECIPITATION PATTERN 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.OO .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 

PRECIPITATION DEPTH 
TRANSPOSITION DRAINAGE AREA 

PRECIPITATION DEPTH 
TRANSPOSITION DRAINAGE AREA 

PRECIPITATION DEPTH 
TRANSPOSITION DRAINAGE AREA 
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INDEX STORM NO. 5 
STRM 3.24 PRECIPITATION DEPTH 
TRDA 30.00 TRANSPOSITION DRAINAGE AREA 

PRECIPITATION PATTERN 
.oo . oo  
. 00 .oo  
.oo .oo 
.oo . o o  
.oo .oo 
.oo  .oo 
. o o  . D O  
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
- 0 1  . O 1  
.03  . 0 9  
. O 1  . O l  
.oo .oo 
.oo . o o  
.oo .oo 
.oo . a 0  
.oo . oo  
.oo .oo 
.oo .oo 
.oo .oo 
. O D  .oo 
.oo . oo  
.oo .oo  
.oo  .oo 
.oo  .oo  

INDEX STORM NO. 6 
STRM 3.10 
TRDA 60 . 00 

PRECIPITATION PAlTERN 
.oo . oo  
.oo . oo  
.oo .oo 
. 00 . o o  
.oo .oo  
.oo . o o  
.oo . o o  
.oo - 0 0  
.oo .oo 
.oo . o o  
.oo .oo 
.oo . o o  
.oo - 0 0  
.01 . 0 1  
.03 .09  
. 01  - 0 1  
.oo .oo  
.oo .oo 
.oo - 0  0 
.oo . 00 
.oo . 00 
.oo .oo 
.oo .oo 
.oo .oo 
.oo  .oo 
.oo .oo 
.oo .oo  
.oo .oo  
.oo . o o  

INDEX STORM NO. 7 
STRM 3 .05  
TRDA 9 0 . 0 0  

PRECIPITATION PA?TERN 
.oo . oo  
. oo  - 0 0  
.oo .oo 

PRECIPITATION DEFTH 
TRANSPOSITION DRAINAGE AREA 

PRECIPITATION DEPTH 
TRANSPOSITION DRAINAGE AREA 
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INDEX STORM NO. 8 
STRM 3.00 PRECIPITATION DEPTH 
TRDA 120.00 TRRNSPOSITIONDRAINAGEAREA 

PRECIPITATION PATTERN 
.oo .oo 

INDEX STORM NO. 9 
STRM 2.97 PRECIPITATION DEPTH 
TRDA 250.00 TRANSPOSITION DRAINAGE AREA 

PRECIPITATION PATTERN 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
. 0 1  . 0 1  
.03 . 09  
.01 . 0 1  
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
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.oo .oo .oo .oo .oo .oo .oo .oo 
- - - - -  DSS---ZOPEN: New File Opened. File: SCFINAL1.DSS 

Unit: 71; DSS Version: 6-JG 
- - - - -  DSS---ZWRITE Unit 71; Vers. 1: /HAWES RD B BROADWAY RD/HAWES CHANNEL PROJECT/FLOw/31MAR1997/5MIN/HYDROGRAPH/ 
- - - - -  DSS---ZWRITE Unit 71; Vers. 1: /HAWES RD I BROADWAY RD/HAWES CHANNEL PROJECT/FLOW/OlAPR1997/5MIN/HYDROGRAPH/ 
----. DSS---ZWRITE Unit 71: Vers. 1: /HAWES RD Q BROADWAY RD/HAWES CHANNEL PROJECT/FLOW/02APR1997/5MIN/HYDROGRAPH/ 
--.-. DSS---ZWRITE Unit 711 Vers. 1: /HAVES RD Q BROADWAY RD/HAWES CHANNEL PROJECT/FMW'/O~APRI~~~/~MI~/HYDROGPAP~/ 
- - - - -  DSS---ZWRITE Unit 71; Vers. 1: /HAWES RD B BROADWAY RD/HAWES CHANNEL PROJECT/FLOW/04APR1997/5MIN/HYDROGRAPH/ 

***  tt* t*. *It t t *  *.* * * *  ***  * + *  It* tt* t t t  .** t t t  t** * * *  t t *  * * *  * * *  *.* * t *  t*. * * *  *t* ..t * * *  **t **. *.* * * *  + t *  * * *  * * +  

276 KO OUTPUT CONTROL VARIABLES 
I PRNT 5 PRINT CONTROL 
IPLOT 0 PLOT CONTROL 
QSCAL 0. HYDROGRAPH PLOT SCiLE 
IPNCH 0 PUNCH COMPLFI'ED HYDROGRAPH 
I OUT 21 SAVE HYDROGRAPH ON THIS UNIT 
ISAVl 1 FIRST ORDINATE PUNCHED OR SAVED 
ISAV2 1000 LAST ORDINATE PUNCHED OR SAVED 

TIMINT 1.000 TIME ImERVAL IN HOURS 

- - - - -  DSS---ZWRITE Unit 71; Vers. 1: /FLOW AFTER 360 CFS DIVERT TO WES/HAWES CHANNEL PROJECT/FLOW/31MAR1997/5MIN/HYD/ 
- - - - -  DSS---ZWRITE Unit 71; Vers. 1: /FLOW AFTER 360 CFS DIVERT TO WES/HAWES CHANNEL PROJECT/FLOW/OlAPRl997/5MIN/HYD/ 
.---- DSS---ZWRITE Unit 71; Vers. 1: /FLOW AFTER 360 CFS DIVERT TO WES/HAWES CHANNEL PROJECT/FLOW/02APR1997/5MIN/HYD/ 
-..-- DSS---ZWRITE Unit 71; Vers. 1: /FLOW AFTER 360 CFS DIVERT TO WES/HAWES CHANNEL PROJECT/FLOW/03APR1997/5MIN/HYD/ 
.---- DSS---ZWRITE Unit 71; Vers. 1: /FLOW AFTER 360 CFS DIVERT TO WES/HAWES CHANNEL PROJECT/FLOW/04APR1997/5MIN/HYD/ 
- - - - -  DSS---ZWRITE Unit 71; Vers. 1: /FLOW SOUTHERN AND HAWES BEFORE S/HAWES CHANNEL PROJ/FLOW/31MAR1997/5MIN/HYDR/ 
----. DSS---ZWRITE Unit 71; Vers. 1: /FLOW SOUTHERN AND WWES BEFORE S/HAWES CHANNEL PROJ/FLOW/OlAPRl997/5MIN/HYDR/ 
- - - - -  DSS---ZWRITE Unit 71; Vers. 1: /FLOW SOUTHERN AND HAWES BEFORE S/HAWES CHANNEL PROJ/FLOW/O2APR1997/5MIN/HYDR/ 
---.- DSS---?,WRITE Unit 71; Vers. 1: /FLOW SOUTHERN AND HAWES BEFORE SJHAWES CHANNEL PROJ/FLOW/03APR1997/5MIN/HYDR/ 
-.--- DSS---ZWRITE Unit 71; Vers. 1: /FLOW SOUTHERN AND HAWES BEFORE S/HAWES CHANNEL PROJ/FLOW/04APR1997/5MIN/HYDR/ 
1 

RUNOFF SUMMARY 
FLOW IN CUBIC FEET PER SECOND 

TIME IN HOURS, AREA IN SQUARE MILES 

+ 

PEAK TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD BASIN MAXIMUM TIME OF 
OPERATION STATION FLOW PEAK AREA STAGE MAX STAGE 

6-HOUR  HOUR ~Z-HOWR 

HYDROGRAPH AT 
+ 5 0 A W  89. 12.25 8. 2. 1. .08 

HYDROGRAPH AT 
+ : 5 0 B W  162. 12.33 20. 6. 2. .16 

2 COMBINED AT 
+ COAB 243. 12.33 28. 8. 3. .24 

HYDROGRAPH AT 
+ SOCFWY 41. 12.25 4 .  1. 0. .03 

ROUTED TO 
+ CBASIN 11. 12.58 4. 1. 0. .03 

2 COMBINED AT 
+ COABC 252. 12.33 32. 9. 3. .27 

ROUTED TO 
+ CAP1 252. 12.33 32. 9. 3. .27 

ROUTED TO 
+ BASIN1 152. 12.50 32. 9. 3. .27 

ROUTED TO 
+ RCAPl 128. 13.17 32. 9. 3. .27 

HYDROGRAPH AT 
+ 18C 453. 12.25 57. 18. 6. .39 

DIVERSION TO 
+ D18C 72. 12.25 9. 3. 1. .39 

HYDROGRAPH AT 
+ RET18C 380. 12.25 48. 15. 5. .39 

2 COMBINED AT 
+ C18C 402. 12.25 80. 24. 8. .66 

ROUTED TO 
+ l8T24 380. 12.33 80. 24. 8. .66 

+ 

HYDROGRAPH AT 
1BD 80. 12.08 7. 2. 1. .04 

ROUTED TO 
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18DT24 69. 12.17 e :  HYDROGRAPH AT 
24A 90. 12.00 

2 COMBINED AT 
+ C24A 135. 12.08 

ROUTED TO 
+ 2 4 ATB 124. 12.17 

DIVERSION TO 
+ D24B 67. 12.17 

HYDROGRAPH AT 
+ RET24B 307. 12.17 

2 COMBINED AT 
C24B 430. 12.17 

2 COMBINED AT 
+ C24C 708. 12.25 

DIVERSION TO 
DIVBRD 0. .OO 

HYDROGRAPH AT 
BRDHAW 708. 12.25 

ROUTED TO 
+ RT31B1 702. 12.25 

ROUTED TO 
+ RT31B2 679. 12.33 

ROUTED TO 
+ RT31B3 667. 12.33 

HYDROGRAPH AT 
+ 3 1B 320. 12.67 

DIVERSION TO 
+ D3lBS 320. 12.67 

I 
HYDROGRAPH AT 

I + D31BS 96. 13.17 

2 COMBINED AT 
+ C31B 667. 12.33 

DIVERSION TO 
+ D31W 553. 12.33 

HYDROGRAPH AT 
+ D31S 109. 12.33 

ROUTED TO 
+ 31T381 106. 12.42 

* * *  NORMAL END OF HEC-1 *" 

----. DSS---ZCLOSE Unit: 71, File: SCFINAL1.DSS 
Pointer Utilization: .25 
Number of Records, 15 
Pile Size: 31.9 Khytes 
Percent Inactive: .O 

CAP Overchute Analysis for the Proposed Freeway 

C:\HECEXE\SCPINALl.OUT 
Page 15 of 16 

?? 

?? 

CAP Overchute Analysis for Proposed Freeway 
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Q:\17OOO\Active\o7-msign\ll-Water Res\CJoy\H&H\Overchute Hydrology\SCFINAL1.0~ 
Page 15 of 16 



APPENDIX A 

CAP OVERCHUTE BASIN 

Northeast Channel 50-Year Hydrology 



~.*.*.*"....."......*.*....*.*...*.t.**. 

FLOOD HYDROGRAPH PACKAGE (HEC-1) * @ :  J U N  1998 
VERSION 4 .1 

RUN DATE 11APRO5 TIME 11 :38 :24 ......................................... 

....................................... 

U.S. ARMY CORPS OF ENGINEERS 
HYDR0MX;IC ENGINEERING CENTER . 

609 SECOND STREET 
DAVIS, CALIFORNIA 95616 

(916) 756-1104 

....................................... 

X X XXXXXXX XXW( X 
X X X  X X XX 
X X X  X X 
M(XYXX XXXX X XXXXX X 
X X X  X X 
X X X  X X X 
X X XXXXXXX XXMX XXX 

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HECl (JAN 73). HECIGS, HEClDB, AND HEClKW. 

THE DEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED WlTH THE 1973-STYLE INPUT STRUCTURE. 
THE DEFINITION OF -AMSKK- ON RM-CARD WAS CHANGED WlTH REVISIONS DATED 28 SEP 81. THIS IS THE FORTRAN77 VERSION 
NEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY, 
DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT INFILTRATION 
KINEMATIC WAVE2 NEW FINITE DIFFERENCE ALGORITHM 

HEC-1 INPUT PAGE 1 

LINE ID. ...... 1 ....... 2.......3 ....... 4.......5.......6.......7.......8.......9...... 10 

ID 
ID ".+*""**.***.'*****+~*~~..~-~tttttt*t*.+~+++.++~~~*~***~*.~."**+*+~..*~~*** 

ID "'*."****"'..~.********.~**tt*t******..~..**..~..*****..******~~....**~*+*. 

ID ""***'**'*'~""+*tttttttt**+*ttttt*******~**~++++*****+**+*****~*******~*.* 

ID Filer SClFINALS .DAT 
ID Date : 4-04-05 
ID By: SCI 
ID Hydrology: 50-year, 24-hr Existing Conditions 
ID 
ID Quick Note: THIS IS THE REVISED MODEL TO REFLECT THE EXTENSION 
!D OF THE LOOP 202 THROUGH BASIN 50. 
ID 
ID This model is used to evaluate the impact of the Loop 202 extension 
ID on Subbasin 50 and to determine the 50-year runoff for purposes of 
ID design for an ADOT channel and RCB culvert across the freeway to 
ID the CAP overchute. 
ID 
ID *+*+*~+" '~" * * *~M++++t t t t t t t t t t t t t t t t t+ .++++*~* .++* * * *+* * * *+ . * . .+ *~*++++~*++  

ID ***'*t*"**"""+****tt1*~*tttttttttttt***+++~*******~*~+*~~.~****.~**+*+~~** 

ID '*"*.+*****++++.*..t*t*tttt**tt.*t*tt*t..***************~**~****~**.~*.**~**, 

*DIAGRAM 
IT 5 1APR97 0000 1000 
I0 5 

DDM *"** Updated * * * * *  ............................................................................... 
* SCI - Subbasins SOAFWY, 50BFWY and SOCFWY comprise the area of the original 

Basin 50 ............................................................................... 
BASIN 

HEC- 1 

LINE ID. ...... 1 ....... 2. ...... 3.......4.......5.......6.......7.......8.......9...... 10 

PAGE 2 



KK 5OBFWY BASIN 
BA -16 
LG .29 .25 4.00 .54 18.00 
UI 18. 47. 87. 113. 148. 222. 183. 141. 108. 79. 
UI 41. 31. 19. 11. 6. 6. 6. 0. 0 - 0. 
U I 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 

KK COAB 
KM Combines subbasins 50AFWY and SOBFWY. 
HC 2 

, *tt***t***+.*****+*********.~~***t****.*..*..***.~*****~**.*..***..***.**~**** 
* DMJM+HARRIS - Subbasins SoCFWY is subbasin 50C revised to include Loop 

202 freeway extension. 
Total volume of runoff from 5OCFWY is approximately 5 acre-ft ............................................................................... 

50 KK 5OCFWY BASIN 
51 BA .03 
52 LG .27 .32 4.00 .41 25.00 
53 UI 5. 18. 27. 39. 55. 39. 28. 18. 8 - 5. 
54 UI 2. 1. 1. 0. 0. 0. 0. 0. 0. 0. 
55 UI 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 

56 KK CBASIN 
* KO 1 

57 RS 1 FLOW -1 
58 S A 0 0.087 0.530 0.790 0.891 1.038 1.226 

61 KK COABC 
62 KM Combines subbasins SOAFWY, 5OBFWY and SOCPWY. 
63 HC 2 

64 ZZ 
1 

SCHEMATIC DIAGRAM OF STREAM NETWORK 
INPUT 
LINE (v) ROUTING (... ,) DIVERSION OR PUMP now 

NO. (.) CONNECTOR (<---I RETURN OF DIVERTED OR PUMPED FLOW 

23 50AFWY 

47 corn...  ......... 

50 50CFWY 
v 
v 

56 CBASIN 

( * * * )  RUNOFF ALSO COMPUTED AT THIS LOCATION 
~*""'*+*******"tt*******t*ttttt**t...~* 

+ FUX)D HYDROGRAPH PACKAGE (HEC-I) 
JUN 1998 

VERSION 4 .1 

* RUNDATE 11APRO5 TIME 11:38:24 

*tt**tt****t**t.******.***t*ttt****t****. 

~****+*~+**t*t*tt*t****t***.***.******* 

* U.S. ARMY CORPS OF ENGINEERS * 
HYDROLOGIC ENGINEERING CENTER 

609 SECOND STREET 
DAVIS, CALIFORNIA 95616 

(916) 756-1104 

..*lt************+**~*.***********t*..* 

*****.*lt***t*t**t****t*****t*t.t********.**.**.*******+****.*******.********* 

**t*****t***tt*t**tt,t***tt******+tt**************.******..******************* .............................................................................. 
File: SClPINAL5 .DAT 
Date: 4-04-05 
By: SCI 
Hydrology: 50-year, 24-hr Existing Conditions 

Quick Note? THIS IS THE REVISED MODEL TO REFLECT THE EXTENSION 
OF THE LOOP 202 THROUGH BASIN 50. 

This model is used to evaluate the impact of the Loop 202 extension 
on Subbasin 50 and to determine the 50-year runoEE for purposes of 
design for an ADOT channel and RCB culvert across the freeway to 
the CAP overchute. 



22 I0 OUTPUT CONTROL VARIABLES 
I PRNT 5 PRINT CONTROL 
I PLOT 0 PLOT CONTROL 
QSCAL 0. HYDROGRAPH PLOT SCALE 

IT HYDROGRAPH TIME DATA 
NMIN 5 MINUTES IN CMPUTATION INTERVAL 
IDATE 1APR97 STARTING DATE 
ITIME 0000 STARTING TIME 

NQ 1000 NUMBER OF HYDROGRAPH ORDINATES 
NDDATE 4APR97 ENDING DATE 
NDTIME 1115 ENDING TIME 
ICENT 19 CENTURY MARK 

COMPUTATION INTERVAL .08 HOURS 
TOTAL TIME BASE 83.25 HOURS 

ENGLISH UNITS 
DRAINAGE AREA SQUARE MILES 
PRECIPITATION DEPTH INCHES 
LENGTH, ELEVATION FEET 
FLOW CUBIC FEET PER SECOND 
STORAGE VOLUME ACRE- FEET 
SURFACE AREA ACRES 
TEMPERATURE DEGREES FAHRENHEIT 

RUNOFF SUMMARY 
PLOW IN CUBIC FEET PER SECOND 

TIME IN HOURS, AREA IN SQUARE MILES 

PEAK TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD BASIN MAXIMUM TIME OF 
OPERATION STATION FIOW PEAK AREA STAGE MAX STAGE 

+ 6-HOUR 24-HOUR 72-HOUR 

HYDROGRAPH AT , A,<- 

+ 5OAFWY /, 73. ") 12.25 7. 2. 1. .08 

HYDROGRAPH AT 
+ 5OBFWY ! 134. 12.33 16. 5. 2. .16 

i - -. " *, 
2 COMBINED AT * *- .% 

COAB , 200;,.' 12.33 23. 7. 2 .24 
L."". 

HYDROGRAPH AT 
+ SOCEWY 34. 12.25 4. 1. 0. .03 

ROUTED TO 
+ CBAS IN 10. 12.58 4. 1. 0. .03 
+ 1572.20 12.58 

2 COMBINED AT 
+ COABC 209. 12.33 26. 8. 3. .27 

'** NORMAL- END OF HEC-1 "* 



APPENDIX A 

CAP OVERCHUTE BASIN 

Northeast Channel HEC-RAS Analysis 



Some Schematic 

*'1.378~8* 
d q - -  

Soutl 

Plot Extents.. 

'\ A, 1094.38' 
, Transition 





I Northeast Channel Plan: NE Channel Analysis 411 112005 
NE Channel South 

WS PF 1 

Crit PF 1 - 
Ground 

. . . . . .  
LOB 

Main Channel Distance (ft) 



Channel Plan: Refinements 411 112005 

River = NE Channel Reach = South RS = 1697.88 

Legend 

WS PF 1 

Crit PF 1 

Ground 

Bank Sta 

Northeast Channel Plan: Refinements 411 112005 

River = NE Channel Reach = South RS = 1652.19* 

Legend 

WS PF 1 
. . . . . . . . . .  

Crit PF 1 

Ground 

Bank Sta 

Station (ft) 

Northeast Channel Plan: Refinements 411 112005 

River = NE Channel Reach = South RS = 1606.51' 

Station (ft) 

Northeast Channel Plan: Refinements 411 112005 

River = NE Channel Reach = South RS = 1560.82' 

85 90 95 100 105 110 115 

Station (ft) 

Northeast Channel Plan: Refinements 411 112005 

River = NE Channel Reach = South RS = 1515.14* 

Legend 

WS PF 1 
. .  - . . . .  
Crit PF 1 

Ground j Bank Sta 

1578 Legend 

WS PF 1 

Crit PF 1 
1576 

Ground 

.-. s 
C 
0 .= 1574 Bank Sta 

9 
0) - 
W 

1572 

1570 
80 85 90 95 100 105 110 115 120 

Station (ft) 

Northeast Channel Plan: Refinements 4/11/2005 

River = NE Channel Reach = South RS = 1469.45' 

Legend 

WS PF 1 
. . .  . . . . . .  
Crit PF I 

Ground 

Bank Sta 

I Station (ft) 

Legend 

WS PF 1 
. . . . .  ...... 
Crit PF 1 

Ground 

Bank Sta 

1570 
80 85 90 95 100 105 110 115 120 

Station (ft) 



-- ... - 

Northeast Channel Plan: Refinements 411 112005 

River = NE Channel Reach = South RS = 1423.77' 

--- - -- 

Northeast Channel Plan Ref~nernents 411 112005 

R~ver = NE Channel Reach = South RS = 1378.08' 

.016 4.1  
I 

Ground 
@ I Bank Sta 1 

Station (ft) 

Northeast Channel Plan: Refinements 411 112005 

River = NE Channel Reach = South RS = 1332.4 

WS PF 1 

Ground 

Bank Sta 

Station (ft) 

Station (ft) 





Northeast Channel Plan: NE Channel Analysls 411 112005 

River = NE Channel Reach = North RS = 2321.4 

1589 Legend 

WS PF 1 
1588 

Crlt PF 1 

Ground 
1587 

Bank Sta 

1586 

1585 

1584 

Station (ft) 

Northeast Channel Plan: NE Channel Analysis 411 112005 

River = NE Channel Reach = North RS = 2132.62' 

1588 Legend 

Crit PF 1 
1587 

WS PF 1 

Ground 
1586 

Bank Sta 

1585 

1584 

1583 

1582 
85 90 95 100 105 110 115 

Station ( f t )  

Northeast Channel Plan: NE Channel Analysis 411 112005 

River = NE Channel Reach = North RS = 1943.85' 

C 
0 .- - 
m > 
Q) 

iii 

Station ( f t )  



- -- -- 

Northeast Channel Plan: NE Channel Analys~s 411 112005 

River = NE Channel Reach = North RS = 1755.08' 

-. -- 

Northeast Channel Plan: NE Channel Analysis 411 112005 

River = NE Channel Reach = North RS = 1660.7' 

Station (ft) 

Northeast Channel Plan: NE Channel Analysis 411 112005 

River = NE Channel Reach = North RS = 1566.31' 

Legend I 

WS PF 1 

Ground 
Q 

Bank Sta I 

Station (ft) 

Northeast Channel Plan: NE Channel Analysis 411 112005 

River = NE Channel Reach = North RS = 1377.54" 

1 Station (ft) 

Legend 
. . . . . -. . . .. . 
Crit PF I 

WS PF 1 

Ground 

Bank Sta 

Station (ft) 

Northeast Channel Plan: NE Channel Analysis 411 112005 

River = NE Channel Reach = North RS = 1283.15* 

1581 
1-.016-4 

Crit PF 1 
1580 

WS PF I 

Ground 
1579 

Bank Sta 

1578 

1577 

1576 

85 90 95 100 105 110 115 
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I Northeast Channel Plan: NE Channel Analysis 411 112005 

I River = NE Channel Reach = North RS = 1188.77' 

Northeasl Channel Plan: NE Channel Analysis 411112005 

River = NE Channel Reach = North RS = 1094.38. I 
.. - -- - 

L e g e n d  - -- 
' 

Crit PF I I 
WS PF 1 

Ground 
B I Bank Sta I 

Station (ft) 

Northeast Channel Plan: NE Channel Analysis 411 112005 

River = NE Channel Reach =North RS = 1000. 6'x6' RCB Transition Inlet 

Station (ft) 

Station (ft) 



APPENDIX A 

CAP OVERCHUTE BASIN 

CAP Overchute Capacity Analysis (CulvertMaster) 



Culvert DesignerIAnalyzer Report 
CAP Overchute 

Culvert Summary 

Computed Headwater Elevz 1,572.19 ft Discharge 264.00 cfs 

Inlet Control HW Elev. 1.571.84 ft Tailwater Elevation NIA ft 
Outlet Control HW Elev. 1,572.19 A Control Type Entrance Control 
Headwater DepthlHeight 1.00 

Grades 

Upstream Invert 1,567.70 ft Downstream Invert 1,566.90 ft 

Length 165.00 ft Constructed Slope 0.004848 Wft 

Hydraulic Profile 

Profile S2 Depth, Downstream 2.62 ft 

Slope Type Steep Normal Depth 2.62 ft 

Flow Regime Supercritical Critical Depth 2.75 ft 

Velocily Downstream 9.14 ftls Critical Slope 0.004197 ft/R 

Section 

Section Shape Circular Mannings Coefficient 0.01 3 

Section Material 
Section Size 
Number Sections 

CMP Span 
54 inch Rise 

3 

Outlet Control Properties 

Outlet Control HW Elev. 1.572.19 ft Upstream Velocity Head 1.16 ft 

Ke 0.50 Entrance Loss 0.58 ft 

lnlet Control Properties 

Inlet Control HW Elev. 1,571.84 ft Flow Control N/A 

Inlet Type Headwall Area Full 47.7 ft2 
K 0.00780 HDS 5 Chart 2 

M 2.00000 HDS 5 Scale 1 

C 0.03790 Equation Form I 
Y 0.69000 

Title: Red Mountain Project Engineer: SCI 
q:\ ... \culvertmaster\cap overchute.cvm Stanley Consultants Inc CulvertMaster v3.0 [3.0003] 
03/21/05 1 1:09:49 AM O Haestad Methods. Inc. 37 Brookside Road Waterbury, CT 06708 USA +I-203-755-1666 Page 2 of 2 



Culvert DesignerIAnalyzer Report 
CAP Overchute 

Analysis Component 

Storm Event Design Discharge 264.00 cfs 

Peak Discharge Method: User-Specified 

Design Discharge 264.00 cfs Check Discharge 300.00 cfs 

Tailwater Conditions: Constant Tailwater 
- 

Tailwater Elevation NIA ft 

Name Description Discharge HW Elev. Velocity 

Culvert-I 3-54 inch Circular 264.00 cfs 1.572.19 ft 9.14 Ws 

Weir Not Considered N/A N/A N/A 

Title: Red Mountain Project Engineer: SCI 
q:\ ... \culvertrnaster\cap overchute.cvm Stanley Consultants Inc CulvertMaster v3.0 (3.00031 
03/21/05 11:09:49 AM O Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA +I-203-755-1666 Page 1 of 2 



Performance Curves Report 
CAP Overchute 

- 
Ranae Data: 

Minimum Maximum Increment 

Discharge 0.00 500.00 50.00 cfs 

HW Elev. 

Title: Red Mountain Project Engineer: SCI 

q:\ ... \culvertmaster\cap overchute.cvm Stanley Consultants Inc CulvertMaster v3.0 [3.0003] 
03/21/05 I l:09:40 AM O Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA +I-203-755-1666 Page 1 of 1 



APPENDIX A 

CAP OVERCHUTE BASIN 

6'x6' RCB Freeway Culvert Analysis (CulvertMaster) 



Culvert DesignerlAnalyzer Report 
6x6 RCB Crossing 

Analysis Component 
- 

Storm Event Design Discharge 240.00 cfs 

Peak Discharge Method: User-Specified 
- --- 

Design Discharge 240.00 cfs Check Discharge 250.00 cfs 

9 allwater Gondltrons: l allwater 
Ratina 

Discharge (cfs) TW Elev. (ft) 

Name Description Discharge HW Elev. Velocity 

Culvert-1 1-6 x 6 ft Box 240.00 cfs 1,574.70 ft 9.92 ftls 

Weir Not Considered NIA N/A NIA 

Title: Red Mountain Project Engineer: SCI 
q:\ ... \culvertmaster\cap overchute.cvm Stanley Consultants Inc CulvertMaster v3.0 [3.0003] 
03/21/05 11:08:34 AM O Haestad Methods. lnc. 37 Brookside Road Waterbury, CT 06708 USA +I-203-755-1 666 Page 1 of 2 



Culvert DesignerlAnalyzer Report 
6x6 RCB Crossing 

Culvert Summary 

Computed Headwater Elev: 1,574.70 fl Discharge 240.00 cfs 

Inlet Control HW Elev. 1,574.14 ft Tailwater Elevation 1,571.93 ft 
Outlet Control HW Elev. 1,574.70 R Controt Type Outlet Control 

Headwater DepthlHeight 1.08 

Grades 
- -- - 

Upstream Invert 
Length 

1,568.20 ft Downstream Invert 1,567.90 ft 

283.00 R Constructed Slope 0.001 060 ftlft 

Hydraulic Profile 

Profile M2 Depth, Downstream 4.03 fi 

Slope Type Mild Normal Depth NIA R 

Flow Regime Subcritical Critical Depth 3.68 ft 

Velocity Downstream 9.92 Ws Critical Slope 0.004637 ftlft 

Section 

Section Shape 
Section Material 
Section Size 
Number Sections 

Box Mannings Coefficient 0.013 
Concrete Span 6.00 ft 

6 x 6 f t  Rise 6.00 ft 
1 

Outlet Control Properties 

Outlet Control HW Elev. 1,574.70 f i  Upstream Velocity Head 0.99 ft 

Ke 0.50 Entrance Loss 0.50 ft 

lnlet Control Properties 

Inlet Control HW Elev. 1,574.14 ft Flow Control Unsubrnerged 
Inlet Type 30 to 75" wingwall flares Area Full 36.0 ftz 

K 0.02600 HDS 5 Chart 8 
M 1.00000 HDS 5 Scale 1 
C 0.03470 Equation Form 1 
Y 0.86000 

Title: Red Mountain Project Engineer: SCI 
q:\ ... \wlvertmasterkap overchute.cvm Stanley Consultants Inc CulvertMaster v3.0 [3.0003] 
03/21/05 11:08:34 AM O Haestad Methods. Inc. 37 Brookside Road Waterbury. CT 06708 USA +I-203-755-1666 Page 2 of 2 



APPENDIX A 

CAP OVERCHUTE BASIN 

CAP Basin Outlet (CulvertMaster) 



Culvert DesignedAnalyzer Report 
CAP Basin Outlet 

Analysis Component 

Storm Event Design Discharge 50.00 cfs 

Peak Discharge Method: User-Specified 

Design Discharge 50.00 cfs Check Discharge 100.00 cfs 

Tailwater properties: Trapezoidal Channel 

Tailwater conditions for Design Storm. 

Discharge 

Depth 

50.00 cfs Bottom Elevation 1,569.80 fl 
0.93 R Velocity 2.60 ft/s 

Name Description Discharge HW Elev. Velocity 

Culvert-I 1-24 inch Circular 19.79 cfs 1,573.75 ft 7.35 Ws 

Weir Broad Crested 30.23 cfs 1,573.75 fl N/A 
Total --------------- 50.03 cfs 1,573.75 f l  N/A 

I I O ~ .  m e u  IVIVU~ILIIII r r u j e ~ ~  c r ~ g ~ r i t f e r .  abi 

q:\ ... \culverlmaster\cap overchute.cvm Stanley Consultants Inc CulvertMaster v3.0 j3.00031 
03/21/05 11:08:55 AM O Haestad Methods. Inc. 37 Brookside Road Waterbury, CT 06708 USA +1-203-755-1666 Page 1 of 3 

--- - 



Culvert DesignerlAnalyzer Report 
CAP Basin Outlet 

Culvert Summary 

Computed Headwater Elev: 1,573.75 ft Discharge 19.79 cfs 
Inlet Control HW Elev. 1,572.62 fl Tailwater Elevation 1,570.73 ft 

Outlet Control HW Elev. 1,573.75 ft Control Type Outlet Control 
Headwater DepthIHeight 1.87 

- 

Grades 

Upstream Invert 1,570.00 ft Downstream Invert 1,569.80 ft 
Length 50.00 ft Constructed Slope 0.002000 ftlft 

-- - 

Hydraulic Profile 

Profile CompositeM2PressureProfile Depth, Downstream 1.60 ft 

Slope Type Mild Normal Depth NIA R 
Flow Regime Subcritical Critical Depth 1.60 ft 

Velocity Downstream 7.35 Ws Critical Slope 0.027358 Wft 

- - - 

Section 

Section Shape Circular Mannings Coefficient 0.024 
Section Material 

Section Size 
Number Sections 

CMP Span 
24 inch Rise 

1 

Project Engineer: SCI 
overchute.cvm Stanley Consultants Inc CulvertMaster v3.0 [3.0003] 

O Haestad Methods. Inc. 37 Brookside Road Waterbury, CT 06708 USA +1-203-755-1666 Page 2 of 3 

Outlet Control Properties 

Outlet Control HW Elev. 1,573.75 ft Upstream Velocity Head 0.62 ft 

Ke 0.20 Entrance Loss 0.12 ft 

lnlet Control Properties 

Inlet Control HW Elev. 1,572.62 ft Flow Control NIA 
Inlet T e e l e d  ring, 33.7" (1.5:l) bevels Area Full 3.1 f12 
K 0.00 1 80 HDS 5 Chart 3 
M 2.50000 HDS 5 Scale B 

C 0.02430 Equation Form 1 
Y 0.83000 

Title: Red Mountain 
q:\ ... \culvertmaster\cap 
03/21/05 11:08:55 AM 



Culvert DesignerlAnalyzer Report 
CAP Basin Outlet 

Hydraulic Cornponent(s): Broad Crested 

Discharge 30.23 cfs Allowable HW Elevation 1,573.75 ft 

Weir Coefficient 2.60 US Length 18.00 ft 

Crest Elevation 1,573.00 fl Headwater Elevation 1.573.75 ft 

Title: Red Mountain Project Engineer: SCI 
q:\ ... \culvertmaster\cap overchute.cvm Stanley Consultants Inc CulvertMaster v3.0 [3.0003] 
03/21/05 11:08:55 AM O Haestad Methods, lnc. 37 Brookside Road Waterbury, CT 06708 USA +I-203-755-1666 Page 3 of 3 



APPENDIX B 

PRINCIPAL SPILLWAY OUTLET 

Spook Hill FRS Outlet Rating Curve Data 
SAF Energy Dissipator Calculations 

Design Example Hydraulic Design of Energy Dissipators 
for Culverts and Channels (HEC-14) 

Structural Calculations 

@ AppendixB: Principal Spillway Outlet 



APPENDIX B 

PRINCIPAL SPILLWAY OUTLET 

Spook Hill FRS Outlet Rating Curve Data 



FRS Principal and Emergency Spillway Discharge Rating Curve 

1. Based on weir equation (represents weir inlet capacity) 
2. Based on interpolated values from HY-8 analysis (represents actual RCB conduit capacity) 
3. Smallest value of either the inlet capacity (weir equation) or the conduit capacity (HY-8 analysis). 
4. Based upon previous assessment of emergency spillway capacity 

l o f l  New FRS Rating Curve 

L 

Weir 
Coeff. 

C 

P.S. with Emergency Spillway 

Principal Spillway Rating Curve.xls 

Elevation 
NAD88 

(ft) 

Emer. Spill. 
Q~ 

(cfs) 

0 
0 
0 
0 
0 

P.S. 

(cfs) 

0 
0 

57 
161 
296 
4 56 
637 
838 
1056 
1290 
1425 
1460 
1495 
1530 
1574 
1622 

, 1670 

Total FRS 
Discharge 

(cfs) 

0 
0 
57 
161 
296 

Principal Spillway 
12x8 RCB 

Q2 

(cfs) 

797 
87 1 
977 
1087 
1150 
1207 
1264 
1321 
1356 
1391 
1425 
1460 
1495 
1530 
1574 
1622 
1670 

Proposed 12x8 

3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 

Elevation 
NAD88 

(ft) 

1577.0 
1577.5 
1578.0 
1578.5 
1579.0 

1577.00 
1577.50 
1578.00 
1578.50 
1579.00 
1579.50 
1580.00 
1580.50 
1581.00 
1581.50 
1582.00 
1582.50 
1583.00 
1583.50 
1584.00 
1584.50 
1585.00 
1585.50 
1586.00 
1586.50 
1587.00 
1587.50 
1588.00 
1588.50 
1589.00 
1589.50 
1590.00 
1590.50 
1591.00 

1579.5 
1580.0 
1580.5 
1581.0 
1581.5 
1582.0 
1582.5 
1583.0 
1583.5 
1584.0 
1584.5 
1585.0 
1585.5 
1586.0 
1586.5 
1587.0 
1587.5 
1588.0 
1588.5 
1589.0 
1589.5 
1590.0 
1590.5 
1591.0 

Q' 
(cfs) 

0 
0 
57 
161 
296 
456 
637 
838 
1056 
1290 
1539 
1802 
2079 
2369 
2671 
2985 
3311 

Drop Inlet 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

465 
930 
1395 
1860 
2780 
3700 
4800 
5900 
7325 
8750 
101 75 
1 1600 
13200 
14800 

3648 
3995 
4352 
4720 
5098 
5485 
5881 
6287 
6701 
7124 
7556 
7996 

L 
(fi) 

52 
52 
52 
52 
52 
52 
52 
52 
52 
52 
52 
52 
52 
52 
52 

456 
637 
838 
1056 
1290 
1425 
1460 
1495 
1530 
1574 
2087 
2600 
3112 
3624 
4589 
5553 
6697 
7842 
931 1 
10777 
12243 
13710 
15351 
16993 

52 
52 
52 
52 
52 
52 
52 
52 
52 
52 
52 
52 

1717 
1764 
1809 
1853 
1897 
1942 
1986 
2027 
2068 
21 10 

H 
(ft) 

0.0 
0.0 
0.5 
1.0 
1.5 
2.0 
2.5 
3.0 
3.5 
4.0 
4.5 
5.0 
5.5 
6.0 
6.5 

8.0 
8.5 
9.0 
9.5 
10.0 
10.5 
11.0 
11.5 
12.0 
12.5 
13.0 
13.5 

1717 
1764 
1809 
1853 
1897 
1942 
1986 
2027 
2068 
21 10 

52 
52 

2151 
21 93 

7.0 
7.5 

21 51 
21 93 



HY-8 Analysis Data for Principal Spillway Rating Curve 

f Existina 7x73 1 Proposed 12x8 I " 
Filename: WIST.INP I filename: PS-FINAL.iNP 

Elevation Discharge I Elevation I Discharge 

wa Data J:\Rm06\Design\dm\C)oyU(LS\Pnndpal SpilhvaflPrincipal Spillway Rating Curve.xls 



CURRENT DATE: 02-15-2005 
CURRENT TIME: 13:23:53 

FILE DATE: 02-15-2005 
FILE NAME: PS-95EX 

FHWA CULVERT ANALYSIS 
HY-8, VERSION 6.0 

I I 1 
c I SITE DATA I CULVERT SHAPE, MATERIAL, INLET I 
u I I 1 
L I INLET OUTLET CULVERT I BARRELS 
V I ELEV. ELEV. LENGTH I SHAPE SPAN RISE MANNING INLET 

1 
NO. I (ft) (it) (ft) I MATERIAL (ft) (ft) n TYPE 

1 
1 11568.10 1568.00 92.00 1 1 RCB 

1 
12.00 8.00 .012  CONVENTIONAL^ 

2 1  I I 
3 1 I I 
4 1 I I 
5 1 I I 
6 I I I 

SUMMARY OF CULVERT FLOWS (cf s )  FILE: PS-95EX DATE: 02-15-2005 

ELEV (ft) 
1568.10 
1572.23 
1574.36 
1576.07 
1577.56 
1578.56 
1580.49 
1583.64 
1585.95 
1588.43 
1591.09 
1593.00 

TOTAL 
0.0 

220.0 
440.0 
660.0 
880.0 
1100.0 
1320.0 
1540.0 
1760.0 
1980.0 
2200.0 
23 17.0 

6 ROADWAY ITR 
0.0 0.00 1 
0.0 0.00 1 
0.0 0.00 1 
0.0 0.00 1 
0.0 0.00 1 
0.0 0.00 1 
0.0 0.00 1 
0.0 0.00 1 
0.0 0.00 1 
0.0 0.00 1 
0.0 0.00 1 
0.0 OVERTOPPING 

SUMMARY OF ITEFL4TIVE SOLUTION ERRORS FILE: PS-95EX DATE: 02-15-2005 

HEAD HEAD TOTAL FLOW % FLOW 
ELEV (it) ERROR (ft) FLOW ( cf s ) ERROR (cfs) ERROR 
1568.10 0.000 0.00 0.00 0.00 
1572.23 0.000 220.00 0.00 0.00 
1574.36 0.000 440.00 0.00 0.00 



a 
CURRENT DATE: 02-15-2005 

P 

FILE DATE: 02-15-2005 
CURRENT TIME: 13:23:53 FILE NAME: PS-95EX 

PERFORMANCE CURVE FORCULVERT 1 - 1( 12.00 (it) BY 8.00 (it)) RCB 

DIS- HEAD- INLET OUTLET 
CHARGE WATER CONTROL CONTROL FLOW NORMAL CRIT. OUTLET TW OUTLET TW 
FLOW ELEV. DEPTH DEPTH TYPE DEPTH DEPTH DEPTH DEPTH VEL. VEL. 

(cf S) (ft) (ft) (ft) <F4> (ft) (it) (ft) (it) ( fps )  (ips) 

0.00 1568.10 0.00 -0.10 0-NF 0.00 0.00 0.00 0.00 0.00 0.00 
220.00 1572.23 3.49 4.133-Mlt 2.86 2.19 3.73 3.73 4.92 1.58 
440.00 1574.36 5.42 6.26 3-Mlt 4.68 3.48 5.44 5.44 6.74 1.95 
660.00 1576.07 7.10 7.97 3-Mlt 6.32 4.56 6.74 6.74 8.16 2.18 
880.00 1577.56 8.73 9.463-M2t 8.00 5.52 7.82 7.82 9.38 2.37 
1100.00 1578.57 10.47 8.663-M2t 8.00 6.40 7.82 8.76 11.73 2.52 
1320.00 1580.49 12.39 9.503-M2t 8.00 7.23 7.82 9.60 14.07 2.64 
1540.00 1583.64 14.56 15.54 4-FFt 8.00 8.00 8.00 10.36 16.04 2.76 
1760.00 1585.95 17.04 17.85 4-FFt 8.00 8.00 8.00 11.06 18.33 2.86 
1980.00 1588.43 19.84 20.33 4-FFt 8.00 8.00 8.00 11.72 20.63 2.95 
2200.00 1591.09 22.97 22.99 4-FFt 8.00 8.00 8.00 12.33 22.92 3.03 

El. inlet face invert 1568.10 ft El. outlet invert 1568.00 ft 
El. inlet throat invert 0.00 ft El. inlet crest 0.00 ft 

INLET STATION 
INLET ELEVATION 
OUTLET STATION 
OUTLET ELEVATION 
NUMBER OF BARRELS 
SLOPE (v/H) 
CULVERT LENGTH ALONG SLOPE 

***** CULVERT DATA SUMMARY . . . . . . . . . . . . . . . . . . . . . . . .  
BARREL SHAPE BOX 
BARREL SPAN 12.00 it 
BARREL RISE 8.00 ft 
BARREL MATERIAL CONCRETE 
BARREL MANNINGfS n 0.012 
INLET TYPE CONVENTIONAL 
INLET EDGE AND WALL 1:l BEVEL 
INLET DEPRESSION NONE 



a CURRENT DATE: 02-15-2005 
CURRENT TIME: 13:23:53 

FILE DATE: 02-15-2005 
FILE NAME: PS-95EX 

TAILWATER 

*******  REGULAR CHANNEL CROSS SECTION ****************  
BOTTOM WIDTH 28.00 ft 
SIDE SLOPE H/V (X: 1) 2.5 
CHANNEL SLOPE V/H (ft/ft) 0.000 
MANNING'S n (.01-0.1) 0.027 
CHANNEL INVERT ELEVATION 1568.00 ft 
CULVERT NO.l OUTLET INVERT ELEVATION 1568.00 ft 

* * * * * * *  UNIFORM FLOW RATING CURVE FOR DOWNSTREAM CHANNEL 

FLOW 
(cis) 
0.00 

220.00 
440.00 
660.00 
880.00 

W.S.E. 
(ft) 

1568.00 
1571.73 
1573.44 
1574.74 
1575.82 
1576.76 
1577.60 
1578.36 
1579.06 
1579.72 
1580.33 

FROUDE 
NUMBER 
0.000 
0.144 
0.147 
0.148 
0.149 
0.150 
0.150 
0.151 
0.151 
0.152 
0.152 

DEPTH 
(it) 
0.00 
3.73 
5.44 
6.74 
7.82 
8.76 
9.60 
10.36 
11.06 
11.72 
12.33 

VEL . 
(f/s) 
0.00 
1.58 
1.95 
2.18 
2.37 
2.52 
2.64 
2.76 
2.86 
2.95 
3.03 

SHEAR 
(psi) 
0.00 
0.05 
0.07 
0.08 
0.10 
0.11 
0.12 
0.13 
0.14 
0.15 
0.15 

ROADWAY OVERTOPPING DATA 

ROADWAY SURFACE 
EMBANKMENT TOP WIDTH 
CREST LENGTH 
OVERTOPPING CREST ELEVATION 

GRAVEL 
14.00 it 
100.00 it 
1593.00 ft 



CURRENT DATE: 04-25-2005 

"W NT TIME: 15:38:28 
FILE DATE: 04-25-2005 
FILE NAME: PS-95FUT 

-- 

FHWA CULVERT ANALYSIS 
HY-8, VERSION 6.0 

SUMMARY OF CULVERT FLOWS (cfs) 

ELEV (ft) 
1568.10 
1572.57 a".:"; 

8.22 
1580 -17 
1582.22 
1584.42 
1586.77 
1589 -28 
1590.11 
1593.00 

CULVERT SHAPE, MATERIAL, INLET 

BARRELS 
SHAPE SPAN RISE MANNING INLET 
MATERIAL (ft) (ft) n TYPE 
1 RCB 12.00 8.00 .012 CONVENTIONAL 

C 
u 
L 
V 
NO. 
1 
2 
3 
4 
5 
6 

TOTAL 
0.0 

220.0 
440.0 
660.0 
880.0 
1100.0 
1320.0 
1540.0 
1760.0 
1980.0 
2050 .O 
2282.8 

SITE DATA 

INLET OUTLET CULVERT 
ELEV . ELEV. LENGTH 
(ft) (ft) (ft) 

1568.10 1568.00 98.25 

FILE: PS-95FUT DATE: 04-25-2005 

6 ROADWAY ITR 
0.0 0.00 1 
0.0 0.00 1 
0.0 0.00 1 
0.0 0.00 1 
0.0 0.00 1 
0.0 0.00 1 
0.0 0.00 1 
0.0 0.00 1 
0.0 0.00 1 
0.0 0.00 1 
0.0 0.00 1 
0.0 OVERTOPPING 

- --- -- - -- 

SUMMARY OF ITERATIVE SOLUTION ERRORS FILE: PS-95FUT DATE: 04-25-2005 

HEAD 
ELEV (ft) 
1568.10 
1572.57 
1574.76 
1576.47 
1578.22 
1580.17 
1582 -22 
1584 -42 

1590.11 

HEAD 
ERROR (ft) 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

TOTAL 
FLOW (cfs) 

0.00 
220.00 
440.00 
660.00 
880.00 
1100.00 
1320.00 
1540.00 
1760.00 
1980.00 
2050.00 

FLOW 
ERROR (cfs) 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

% FLOW 
ERROR 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

<I> TOLERANCE (ft) = 0.010 <2> TOLERANCE ( % )  = 1.000 



NT DATE: 04-25-2005 
NT TIME: 15:38:28 

FILE DATE: 04-25-2005 
FILE NAME: PS-95FUT 

PERFORMANCE CURVE FOR CULVERT 1 - 1 ( 12.0 0 ( f t ) BY 8.00 ( f t ) ) RCB 

DIS- HEAD- INLET OUTLET 
CHARGE WATER CONTROL CONTROL FLOW NORMAL CRIT. OUTLET TW OUTLET TW 
FLOW ELEV. DEPTH DEPTH TYPE DEPTH DEPTH DEPTH DEPTH VEL. VEL. 
(cf s )  (ft) (ft) (ft) <F4> (ft) (ft) (ft) (ft) (fps) (fps) 

-- 

0.00 1568.10 0.00 -0.10 0-NF 0.00 0.00 0.00 0.00 0.00 0.00 
220.00 1572.57 3.49 4.47 3-Mlt 2.95 2.19 4.16 4.16 4.41 1.63 
440.00 1574.76 5.42 6.66 3-Mlt 4.84 3.48 5.99 5.99 6.12 1.99 
660.00 1576.48 7.10 8.38 3-Mlt 6.55 4.56 7.36 7.36 7.48 2.22 
880.00 1578.22 8.73 10.124-FFt 8.00 5.52 8.00 8.48 9.17 2.40 
1100.00 1580.17 10.47 12.07 4-FFt 8.00 6.40 8.00 9.46 11.46 2.55 
1320.00 1582.22 12.39 14.12 4-FFt 8.00 7.23 8.00 10.32 13.75 2.67 
1540.00 1584.42 14.56 16.32 4-FFt 8.00 8.00 8.00 11-11 16.04 2.78 
1760.00 1586.77 17.04 18.67 4-FFt 8.00 8.00 8.00 11.83 18.33 2.88 

El. inlet face invert 1568.10 ft El. outlet invert 1568.00 ft 
El. inlet throat invert 0.00 ft El. inlet crest 0.00 ft 

SITE DATA *****  CULVERT INVERT **************  ** INLET STATION 1000.00 ft 
INLET ELEVATION 
OUTLET STATION 
OUTLET ELEVATION 
NUMBER OF BARRELS 
SLOPE (V/H) 
CULVERT LENGTH ALONG SLOPE 

*****  CULVERT DATA SUMMARY . . . . . . . . . . . . . . . . . . . . . . . .  
BARREL SHAPE BOX 
BARREL SPAN 12.00 ft 
BARREL RISE 8.00 ft 
BARREL MATERIAL CONCRETE 
BARREL MANNING'S n 0.012 
INLET TYPE CONVENTIONAL 
INLET EDGE AND WALL 1:l BEVEL 
INLET DEPRESSION NONE 



NT DATE: 04-25-2005  
NT TIME: 1 5 : 3 8 : 2 8  

F ILE  DATE: 0 4 - 2 5 - 2 0 0 5  
FILE NAME: PS-95FUT 

TAI LWATER 

******* REGULAR CHANNEL CROSS SECTION ****************  
BOTTOM WIDTH 2 2 . 0 0  f t  
SIDE SLOPE H/V ( X : l )  2 . 5  
CHAN?XEL SLOPE V/H ( f  t/f t )  0 . 0 0 0 2 ~ / &  
MANNING'S n ( . 0 1 - 0 . 1 )  0 . 0 2 7  
CHANNEL INVERT ELEVATION 1 5 6 8 . 0 0  ft 
CULVERT NO.l OUTLET INVERT ELEVATION 1 5 6 8 . 0 0  f t  

******* UNIFORM FLOW RATING CURVE FOR DOWNSTREAM CHANNEL 

FLOW 
( c f  s )  
0 . 0 0  

2 2 0 . 0 0  
4 4 0 . 0 0  
6 6 0 . 0 0  
8 8 0 . 0 0  

1 1 0 0 . 0 0  
1 3 2 0 . 0 0  
1 5 4 0 . 0 0  
1 7 6 0 . 0 0  
1 9 8 0 . 0 0  
2 0 5 0 . 0 0  

W.S.E. 
( f t )  

1 5 6 8 . 0 0  
1 5 7 2 . 1 6  
1 5 7 3 . 9 9  
1 5 7 5 . 3 6  
1 5 7 6 . 4 8  
1 5 7 7  - 4 6  
1 5 7 8 . 3 2  
1 5 7 9 . 1 1  
1 5 7 9 . 8 3  
1 5 8 0 . 5 1  
1 5 8 0 . 7 1  

FROUDE 
NUMBER 

0 . 0 0 0  
0 . 1 4 1  
0 . 1 4 3  
0 . 1 4 4  
0 . 1 4 5  
0 . 1 4 6  
0 . 1 4 7  
0 . 1 4 7  
0 . 1 4 8  
0 . 1 4 8  
0 . 1 4 8  

DEPTH 
( f t )  
0 . 0 0  
4 . 1 6  
5 . 9 9  
7 . 3 6  
8 . 4 8  
9 . 4 6  

1 0 . 3 2  
11.11 
1 1 . 8 3  
1 2 . 5 1  
1 2 . 7 1  

VEL . 
( f / s )  
0 . 0 0  
1 . 6 3  
1 . 9 9  
2 . 2 2  
2 . 4 0  
2 . 5 5  
2 . 6 7  
2 . 7 8  
2 . 8 8  
2 . 9 7  
3 . 0 0  

SHEAR 
( p s f  
0 . 0 0  
0 . 0 5  
0 . 0 8  
0 . 0 9  
0 . 1 1  
0 . 1 2  
0 . 1 3  
0 . 1 4  
0 . 1 5  
0 . 1 6  
0 . 1 6  

- -  - -- 

ROADWAY OVERTOPPING DATA 

ROADWAY SURFACE 
EMBANKMENT TOP WIDTH 
CREST LENGTH 
OVERTOPPING CREST ELEVATION 

GRAVEL 
1 4 . 0 0  f t  

1 0 0 . 0 0  f t  
1 5 9 3 . 0 0  f t  



REFERENCE 
Hydraulic Design of Energy Dissipators for Culverts and Channels 
Hydraulic Engineering Circular No. 14, Sept 1983 
US DOT, FHWA 
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SAF Stilling Basin Design Analysis Worksheet 

SAF Stilling Basin Q:\17000\Active\07-Design\ll-Water Res\Appendices\Principal Spillway\SAF Energy Dissipator Design\Principal Spillway Outlet Design.xls 

(m) 
V,, 

(ws) 

15.90 

3.00 

Width at 
UlS Toe 
of Basin 

WB 

(R) 

10 

18 

Q 
(cfs) 

417 

2050 

Calc. 
Max. 

W b l a  

(n) 

13.2 

18.3 

Y1 

(R) 

9.2 

13.2 

n 

0.030 

0.012 

Channel Slopes 

Ydr Y2 

(A) 

7.82 

13.63 

Up 
Stream 

SO 

(wn) 

0.065 

0.000 

Calculate Y, by Trial & Error 

Fr, 

6.05 

2.93 

Initial 
Width 

W, 

(n) 

10.0 

12.0 

Y, 

(n) 

1.14 

3.61 

Elevations 
r 

Side 
Slope 

(H:v) 

2.0 

0.0 

Into 
Basin 

S, 
(run) 

0.500 

0.333 

20 

(n) 

100.00 

1.568.00 

cornmen! 

Yz+Z2 c Z3+TW? 

~ ~ b . \ n 1 . ~ . 3  

-Q PMF 

.. 

VO 

(WS) 

27.80 

21.35 

YO 

(n) 

1.50 

8.00 

Out of 
Basin 

SS 

(WR) 

0.500 

0.333 

Design 

Q 

(cfs) 

417 

2.050 

Calculated 

Y2+Z2 

99.32 

1577.63 

Z1 

(n) 

91.50 

1564.00 

Basin Lengths 

1 (n) 

Down- 
Stream 

STW 

(wn) 

0.065 

0.0002 

V1 

(WS) 

36.7 

31.6 

4+W 

99.34 

1580.71 

LT 

(n) 

17.00 

12.01 

0.1 

0 

Fro 

4.00 

1.33 

Q 

(cfs) 

418 

2.051 

Z2 

(n) 

91.50 

1564.00 

15 

nla 

v) 
Yn 

(R) 

1.9 

12.71 

23 

(n) 

97.44 

1568.00 

L 

(n) 

39.42 

50.38 

LB 

(n) 

10.5 

26.4 

LS 

(R) 

11.88 

12.01 



Page 2 of 2 

SAF Stilling Basin Analysis and Design Summary Table 

SAF Stilling Basin Q:\17000\Active\07-Design\ll-Water Res\Appendices\Principal Spillway\SAF Energy Dissipator Design\Principal Spillway Outlet 0esign.xls 

End 
Sill 

Height 

(fl) 

0.64 

0.93 

Dist from 
Chute Elks 
to Baffle 

Blocks 

(fl) 

3.5 

8.8 

Q 

(Cfs) 

417 

2050 

Side 
Wall 

Height 

(fl) 

10.9 

18.0 

Comments 

EXAMPLE VII-G-3 

- Q PMF 

Chute Blocks Basin BafRe Blocks 
Block 
Height 

h, 

(fl) 

1.14 

3.61 

W~dth 

WB 

(fl) 

-- 10 

18 

Jump Height Percent 

of Basin 
Width 

50% 

50% 

Number 

of Blocks 

Nc 

6 

4 

Bottom 
Length 

LB 

(ft) 

10.5 

26.4 

Bottom 

Elevation 

Z, 
(fl) 

91,50 

1564.00 

Theor. 

Y, 

(fl) 

9.2 

13.2 

WidtWSpacing Approp. 
Percent 

Blocked? 

(40%-55%) 

Yes 

Yes 

Number 

of Blocks 

Nc 

6 

4 

Basin 
Width at 

Sill 

(ft) 

10.0 

18.0 

Block 
Height 

h3 

(fl) 

1.14 

3.61 

Calc. 

Yz 

(fl) 

7.82 

13.63 

Initial 

Wl 

(fl) 

0.855 

2.71 

Total 

Block 
Width 

(ft) 

5.0 

9.0 

Total 

Length 
L 

(ft) 

39.42 

50.38 

Adjusted 

Adj Wl 

( fl) 

0.833 

2.250 

Basin 

Width at 
Block, WB2 

(fl) 

10.0 

18.0 

WidtNSpacing Incoming 
Initial 

W3 

(ft) 

0.855 

2.7075 

Depth 

Y1 

(ft) 

1.14 

3.61 

Adjusted 

Adj W3 

(fl) 

0.833 

2.250 

Fmude 

Fr, 

6.05 

2.93 



SAF Energy Dissipator Graphic 
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SAF Stilling Basin Design Analysis Worksheet 

SAF Stilling Basin Q:\i7000\Active\07-Design\1 I-Water Res\Appendices\Principal SpiIiwaylSAF Energy Dissipater Design\Principal Spillway Outlet Design.xls 

Q 
(c~s) 

417 

2050 

Channel Slopes 

Side 
Slope 

(H:v) 

2.0 

0.0 

n 

0.030 

0.012 

Up 
Stream 

So 

(wn) 

0.065 

0.000 

Initial 
Width 

We 

(n) 

10.0 

12.0 

Elevations 
Into 

Basin 

Sr 
(we) 

0.500 

0.333 

ZQ 
(n) 

100.00 

1,568.00 

Basin Lengths 

YO 

(n) 

1.50 

8.00 

Out of 
Basin 

Ss 

(we) 

0.500 

0.333 

-- 

Zi 
(n) 

91.50 

1564.00 

Z2 
(n) 

91.50 

1564.00 

Down- 
Stream 

S w  

(wn) 

0.065 

0.002 

- ~ 

2 3  

(n) 

97.44 

1568.00 

LT 

(n) 

17.00 

12.01 

LB 
(n) 

10.5 

26.4 

4 
(n) 

11.88 

12.01 

VO 

(ws) 

27.80 

21.35 

L 

(n) 

39.42 

50.38 

Fro 

4.00 

1.33 

v) 
Yo 

(n) 

1.9 

11.92 

Width at 
UlS Toe 
of Basin 

W8 

(n) 

10 

18 

p) 
Vn 

(ws) 

15.90 

2.98 

Yl 
(n) 

9.2 

13.2 

Calc. 
Max. 

(n) 

13.2 

18.3 

Fr1 

6.05 

2.93 

Y2 

(R) 

7.82 

13.63 

Calculate Y, by Trial 8 Error 

Y1 

(n) 

1.14 

3.61 

Y,+Z2 c Z,+TW? 

Ydr 

0.1 

0 

Y2+Z2 

99.32 

1577.63 

Design 

Q 
(cfs) 

417 

2.050 

Z3+TW. 

99.34 

1579.92 

Calculated 

r 

(ft) 

15 

d a  

' V1 
(fils) 

36.7 

31.6 

comment 

P,~~.VI I .G.S 

-Q PMF 

Q 
(cfs) 

418 

2.051 



I I I I I I I I I I I I I I I I I I 
417 1 10 1 91.50 1 10.5 139.42 1 1.14 1 6.05 1 9.2 1 7.82 1 1.14 ] 0.855 / 0.833 1 6 1 1.14 1 0.855 1 0.833 1 10.0 1 10.0 [ 6 1 5.0 1 50% 1 Yes 1 3.5 1 0.64 1 10.9 ]EXAMPLE VII-G- 

I I I I I I 1 I I I I I I I I I I I I I I I I I I 

SAF Stilling Basin Analysis and Design Summary Table 

1 I I I I I I I I I I I I I I I I I I I I I I I I 

2050 1 18 1 1564.00 1 26.4 150.38 1 3.61 1 2.93 1 13.2 113.631 3.61 1 2.71 1 2.250 1 4 1 3.61 1 2.7075 1 2.250 1 18.0 1 18.0 1 4 1 9.0 1 50% 1 Yes 1 8.8 1 0.93 1 18.0 1 -QPMF 
I I I I 1 I I I I I I I I I 1 I I I I I I I I I 

Page 2 of 2 SAF Stilling Basin 

Comments 

Q:\l7000\Active\07-Design\l l-Water Res\Appendices\Principal Spillway\SAF Energy Dissipator Design\Principal Spillway Outlet Design.xls 

End 
Sill 

Height 

(ft) 

Dist from 
Chute Blks 

to Baffle 

Blocks 

(R) 

Side 
Wall 

Height 

(A) 

Q 
(cfs) 

Basin Chute Blocks Baffle Blocks 
Number 
of Blocks 

Nc 

Width 

We 

(ft) 

Block 
Height 

h, 

(ft) 

Bottom 
Elevation 

Z1 

(R) 

Percent 
of Basin 
Width 

Bottom 
Length 

Ls 

(ft) 

Widthispacing Approp. 
Percent 

Blocked? 

(40%-55%) 

Basin 
Width at 

Sill 

(R) 

Basin 
Width at 

Block. WB2 

(rt) 

Block 
Height 

h3 

(ft) 

Jump Height 
Initial 

Wl 

(n) 

Total 
Length 

L 

(fl) 

Theor. 

Y, 
(n) 

Adjusted 

Adj W, 

(fi) 

Number 
of Blocks 

Nc 

WidtWSpacing 
Calc. 

Y, 

(R) 

Total 
Block 
Width 

(fl) 

Initial 

W3 

(n) 

Incoming 
Adjusted 

Adj W3 

(ft) 

Depth 

Y, 

Froude 

Fr, 



APPENDIX I3 

PRINCIPAL SPILLWAY OUTLET 

Design Example Hydraulic Design of Energy Dissipators for 
Culverts and Channels (HEC-14) 





V I I - G .  SAF STILLING BASIN' ' 

The S t .  ' Anthony. F a l l s  o r  S A F  s t i l l i n g  b a s i n  -is a  genera l ized  
design t h a t  uses  a  hydrau l i c  jump t o  d i s s i p a t e  energy. The . . 
design i s  based on model s t u d i e s  conducted by t h e  So, i l .  
conservat ion Se rv i ce  a t t h e  S t .  Anthony F a l l s  Hydraulic 

. , Laboratory of t h e  u n i v e r s i t y  of Minnesota  (VI I -G-1 )  ,. . . . 

The design provides  s p e c i a l  appurtenances ,  chu te  blocks,  
b a f f l e  or f l o o r  blocks '  and an end s i l l ,  which al low t h e  
.bas in  t o  be  s h o r t e r  than  f r e e  h y d r a u l i c  jump bas ins .  .It - .  

i s  .recommended f o r  use . a t  smal l  s t r u c t u r e s  such a s  sp i i lways ,  
* . . o u t l e t  works, and cana l s  where F r  = 1 . 7  t o  17 .  Fr .  i s  t h e  . 

Froude number a t  t h e  d i s s i p a t o r  en t rance .  The. reduc t ion  . . 

i n  b a s h  length achieved through t h e  use of appurtenances 
. is about '80, pe rcen t :  of t h e  f r e e  hydrau l i c  jump length ,  

. .  . - 
- .  'A t  'the design flow ,' the S A F '  s t i l l i n g  b a s i n .  provides  an ' 

economical method of d i s s i p a t i n g  .energy and prevent ing 
dangerous stream .bed e ros ion ,  

The wid th  WB of t h e  s t i l l i n g  b a s i n  i s  equa l  t o  the c u l v e r t  . 

width Wo. For c i r c u l a r  condui t s ,  WB 5s t h e  l a r g e r  of Do o r  

The b a s i n  can be f l a r e d  t o  f i t  a n  e x i s t i n g  channel a s  i n d i c a t e d  
on f i g u r e  VII -G-1 .  The s i d e w a l l  f l a r e  dimension z should 
no t  be smal le r  than  2 ,  i . e . ,  2:1, 3:1, o r  f l a t t e r ,  

. . .  
The l eng th  Ig of t h e  s t i l l ing b a s i n  f o r  Froude numbers . . 

. . between F r  =,lo 7. and Fr=17 i s  propor t - iona l  . t o  the  t h e o r e t i c a l '  
. . sequent  d e p t h  y j  found. from t h e  hydrau l i c  jump .equation 

. -  and 

. . 

- The h e i g h t  of the .chute  block is y l ,  and t h e  width and spacing 
. . a r e  approximately. 0 . 75yl. . - 

Floor  or b a f f l e  b locks  should b e  s taggered  w i t h . r e s p e c t  t o .  
the'  chute blocks  and sho.uld b e  p l aced  downstream a  dis tan.ce .  

' 

- %/3. They should  occupy between,  40 and 55' pe rcen t  of the ' 

. s t i l l i n g  bas in  width. Widths and spac ings  of . the ' f l o o r  
b l o c k s ' f o r  d iverg ing  s t i l l i n g  b a s i n s  should be increased  . 

- <in .propor t ion .  t o  t h e  incre 'ase  i n  s t i l l i n g - b a s i n  width a t  
the floor-b&ock loca t ion .  N.0 f l o o r  block should be  p laced  
closer t o  t h e ' s i d e  w a i l  than 3y1/8. 

f'.. . . ' 



~ e i ~ h t  of the end sill i s  0.-07y,, where y j  is t h e . . t h e o r e t i c a l  
sequent:.depth corresponding t o  y l .  

. . 

The depth of t a i l w a t e r  y3 above . the  s t i l l i n g  b a s i n  f l o o r  is :  
. . . . . . 

F'r=1.7-to 5 .5 ,  y 2 = ( l . l - ~ r l ~ / 1 2 0 ) y j  . . . , , . . .VII-G-4 
. ' F'r=!i,5. . to  11, y2=0 .85~  j . . , . . . . . r. . . . . .- . . .VII-G-5 

F r = l l  t o  17, y 2 = ( 1 . 0 - ~ r ~ ~ / 8 0 0 )  y  j . - . . . .. . . .VII-G-6 
Wingwalls should be equal  . in  h e i g h t  and length  t o  t h e  s t i l l i n g  . 
b a s i n  s idewal ls .  ' The top of t h e  wingwall. should have, a  1: 1. . . 

' s l o p e .  F l a r i n g  wingwalls a r e  p r e f e r r e d  t o  perpendicu la r . .o r  . - .  
p a r a l l e l  wingwalls, , The b e s t  o v e r a l l .  condi t ions  are .obta ined 
i f  the t r i a n g u l a r  wingwal.1~ a r e  located. .  a t  an ang le  of 450' 

" 

t o .  t h e  . o u t l e t  ce r i t e r l ine  .. 

' T h e  s t i l l i n g  bas in  s idewal l s  may be  p a r a l l e l '  ( r ec t angu la r  
s t i l l i n g  bas in )  o r  d iverge .  a s  ' an extension of t h e  t r a n s i -  
t i o n ' s i d e w a l l s .  ( f l a r e d  s t i l l i n g  b a s i n ) .  'The h e i g h t  of  the . '  

s ide ,  wa l l  .above . the  'maximum , t a i l w a t e r  depth t o  be  expected 
:du r ing  t h e  l i f e  of 'the s t r u c t u r e  i s  given by yj/3 ., . . 

. . 
.-\. 

A cut-off wa l l  of adequate depth should- be 'used a t  t h e  end '- 
of  the s t i l l i n g  bas in  t o  p revent  undermining. The depth .' . . 

of  the cut-off waxl must be g r e a t e r  than the  maximum depth  
, o f ,  a n t i c i p a t e d  e ros ion  a t  'the end, of the  s t i l l i n g  bas in .  :.: . . . . 

~ e ' s i g n  Procedure . . 
. . 

1. Choose.ba.sin con f igu ra t ion  and f l a r e  diemension, z ,  
. . 

2,. ~ e t e r m i n e ,  bas in '  width (WB) , e l e v a t i d n  (21)  , l e n g t h .  (Lg) , 
. . . . t o t a l  l eng th  (I*)', -,incoming depth ( y l )  , inconling. Froude 

number ( F r l )  , .and jump h e i g h t .  ( y2 )  by using. t h e  des-ign . 
procedure i n  s e c t i o n  IV-B, ~ u p e r c r i  t ical  ~ x p a n s i o n  1n to  

, - 
. ' .  Hydraul ic .  Jump ' .~as ins .  - For s t e p  5E: ' y2 . is - found from 

equat ion VII-(3-4,  5 ,  o r  6 and 'yj from equa t ion  VII-6-2'. . 

. . For ' s t e p  5F: use equation 'VII-G-3. f o r  LB . - . _ r 

. . 3 ,  . Chute Block: 
.he igh t ,  hl=y1 

. . width,  (Wl)=s'pa.cing, (.wi)=.75yl . . . - 
Number, Nc=W~/2W1 rounded t o  a whote number . . 
Adjusted W ~ " V ? ~ " W B / ~ N ~  
Nc inc ludes  the 1/2 block a t -  e a c h w a l l ,  

. . .- 



- 
4.  Ba f f l e  Block: 

he igh t ,  h ' = y  . 

. wid&,. fw3)=spa.cing, (w4)=.75yl 
Basin width a t  b a f f l e  blocks,. WB2'W +2%/3z 

. - Number of blocks,  N 2WBZ/ZW3 rounde8 t o  a whole number 
. . ~ d j u s t e d .  W =W -W B N ~  

Check t o t a g  bf:c!?'width t o  i n sk re '  t h a t  a t  l e a s t  
40  t o  55 percen t  of WB2 is occupied by blocks . 

. . 
- .  

, - Distance from chute  blocks t o  b a f f l e  blocks = Lg/3 

. 5. End S i l l  h e i g h t ,  h4=.07yj 
. . 

' 6 .  Side w a l l  h e i g h t  = y2+yj/3 

Example Problem . 
, . 

. . Given : .,Same condi t ions  as V I I - D  
10x6 RCB, Q=417,cfs ,  S =6.5% 

E l e v a t i o n  of o u t l e t  i h v e r t  zo=lOO f t .  
V0=27.8 fp.s, yo=1,5 f t .  
Downstream channel i s  a 1 0  f t .  bottom. 
t r apezo ida l  channel with 2:l s i d e  s lopes  

a Find: DSmensions f o r  a SAF Basin 

Solut ion:  

. . 1. . U s e  rec tangular .  bas in  with no f l a r e  

2. ' Deterinine bas in  e l eva t ion  using design' procedure 
i n  s e c t i o n  IV-B, S u p e r c r i t i c a l  Expansion I n t o  

.Hydraulic Jump Basins; 

S teps  from IV-B: 

. 1. v0=27,8. f p s ,  . yo=l..5 f t . ,  Pro=4 
: .  . . 

. . . 2.  owns stream channel TW=yn=1.9 f t . ,  v,-1.5. 9 f p s  

3 .  .Fro& equat ions  VII-~-2&4 : 
yj=yl [ (l+8Fr12) 1'2-1 ]/2=1.. 5 [ (1+8x16) 1!2-1]/2=7-. 8 f t .  , 

y2=(l.l-~r~~/120)y~=(1.1-16/120) 7.8~7.5 f t .  . 

'4. S ince y2>TW, 7.5>1.9 drop t h e - b a s i n  . - 
5, 'use z1=91.5 f t .  

. . 

A. WB=10 f t . ,  ST=SS=.5 

n.. . B. WB-OK no f l a r e  



E. yj=$1[J(1+8~r2,'-ll/2=1.14'[h+8 (6.04) '-11/2=9.2 ft. ' 

.. equation VII-G-5, ~2=.85y3=. 85 (9 - 2 )  =7.8 ft. ' 

. . 
0 . 7 6  F. Equation V~I-G-3, - Lg=4.5y '/~r 

. . =4.5(3.2)/3..9=10.5 ft.' 
'.LT= (zO-~.l)/sT= (100-91;5) /. 5917 ft., . . 
z3=[lOO-(lO.5+l7-9l.5/.5).O65]/l.l3=97.4 ft. 

6. .L~=17ft., Lg=10.5. ft. 
~~=(z3-z2)/s~=(97.4-91.5)/i5=12 ft. 

. . L=17+10.5+12=39.5 ft. 

7. Fro=4 from figure IV-B-5, yo/r=,l 
r=.l.5/.1=15 ft. 

Basin Width, Wg=lO £to 
Basin Elevation, z1=9lf5 ft. ..-'., 

,. Basin Length, ~g=ll. f t. 
Total Length, Lr40 ft. 

. .  Incoming depth, yl=l,. 14 ft . 
Incoming Frl=6 -04: 

,  heore ore tical- jump height, yj=9.2 ft. ' 

. '  Jump height, y2=7.8 ft. . .  

mute glocks: . . 

h1=1'.2 ft. . '  

W1=.75yl=;9 ft.=~2 . 
Nc=Wg/2W1=10;/2 (.9)=5,.6,' use 6 blocks 
Adjusted ~1=W~/2~~=10,/2(6)'=. 8 f t. , 

This gives 5 full blocks, 6 spaces, and a 
' 

half -block at each' wall. 

Baf ile : ~locki: . - 
h3"yl=1. 2 $4.. 
W3z.75y17.9 %t,=W4 
Basin' Width, ~~2"~~f2L~/3z'10f0~1O ft. 
~~=~~2/2~3=10/2(9)=5.6 ft., use 6 blocks ; . ... 
Adjust W3=Wq=10/2 (6)=. 8 ft. 
Total block width = 6 ( .8)=4,8 ft. 
Check percent 4.8/10=.48, .4<;4,8<.55 OK 
This gives 6 blocks, 5' spaces, and a half space 
at each wall 

Distance from chute block = L~/3=11/3=3.7 ft. 
.- 



End Sill: 
h4=.07yj=.07(9.2)=.6 ft. 

Siae Wall: 

~ i a i s d e l l ,  F . W. , THE SAF STILLING 'BASIN, U, s.. 
G o v e r n m e n t  P r i n t i n g  Office, 1959. 



. . m 

0- A 
BASIN 

.HALF-PLAY 

I-L 

(;I '(4) (51 (6) EQUATION NUMBER . 

--- --- . . . . 

FLARED BAS~N 
HALF-PLAN 

- 
w 

SIDEWALL . 

. . 

. . 

(1) WB .= BASIN WIDTH UPSTREAM . . 

(2) n BLOCKS AT 3/4 Y i  + 
(3) 0.40 WB2 5 AGGREGATE BLOCK WIDTH _< 0.55 WB2 

"'02 - . (4) n BLOCKS AT 314 Y, -+ 
- 

W~ . 
(5) WB2 = w i  ' 2LB/3z 

(6) WB3 = WB + 2 L B h  

FIGURE VllG-1. SAF STILLING BASIN-FROM REFERENCE VII-G-1 -- 
VII-G-6 



Compari.son 'of b a f f l e  'b lock bas ins  : 

The. t h r e e  USBR bas ins ,  Types 11, 111, and IV, and t h e  
' 1  S t .  Anthony F a l l s  bas in  (SAF) were a l l  designed us ing  

t h e  same flow. condi t ions  : 

BOX Culver t  10x6 
Discharge, Q=417 c f s  
.Velocity, Vo=27.8 f p s  
Depth, yo=1.5 f e e t  

. Slope,  So=6. 5% . 

Froude Number, ,Fro=4 . 0 

Type* . y l  - . . F r l  TW.Req1d LB L Basin Elevat2on 
.( E t  ) ( f t )  (f-q (ft)-** 

USBR 
.II * , 1.0 7.6 11 48 ' 97 84.5 
I11 1.04 6.9 9.7 26 67 87..5 , 

.IV . l . O .  ,7.5 10 6 3 .  113 85 - 

SAF' ' 3.1 6.0 7.8 11. 40 91.5 
. . 

*Al'l bas ins  same width,  1 0  f e e t ,  r ec t angu la r ,  . . with  cons tan t  
c ros s  ' section'.  

**The r e f e r e n c e e l e v a t i o n  of 100 f t .  i s  t h e  c u l v e r t  o u t l e t  
i n v e r t  " 



.SUPERCRITICAL FLOW EXPANSION 
-. 

S u p e r c r i t i c a l  expansion d e s i g n  has  i n  p a r t  been d i s c u s s e d  
i n  s e c t i o n  IV-A. The procedure o u t l i n e d  i n  t h a t  s e c t i o n  
should  be  used t o  de termine  apron o r  expansion f low c o n d i t i o n s  
i f  t h e  c u l v e r t  e x i t  Froude number ( F r )  is  l e s s  than  3 ,  i f  
t h e  l o k a t i o n  where t h e  f low c o n d i t i o n s  a r e  d e s i r e d  is  w i t h i n  
3 c u l v e r t  d iamete r s  o f  t h e  o u t l e t ,  and i f  So i s  less t h a n  
10 p e r c e n t .  

For  expansions ou tS ide  t h e s e  l i m i t s ,  t h e  energy e q u a t i o n  
can b e  used t o  determine:  f low condi ' t ions  l e a v i n g  t h e t r a n s i t i o n .  
Normally, t h e s e  parameters  would t h e n  be used a s  t h e  i n p u t  
va lues  f o r  a - b a s i n  des ign ,  

~ x p a n s i o n s  I n t o  Hydraulic  Jump Basins  . .' 

The expansion shown i n  . f i g u r e  IV-B-4 ,is used t o  c o n v e r t  . 
'. . depth o r  p o t e n t i a l  energy a t  t h e  c u l v e r t  o u t l e t  t o  k i n e c t i c  

energy by a l lowing  t h e  f low.  t o  .expand, drop,  o r  b o t h ,  
The r e s u l t  i s  the depth d e c r e a s e s ,  t h e  v e l o c i t y  i n c r e a s e s ,  
and t h e  Froude number i n c r e a s e s .  The h i g h e r  Froude-number 
F r  r e s ~ l t s  i n  a  more e f f i c i e n t  jump and a  s h o r t e r  b a s i n .  ' 



The energy balance is  w r i t t e n  from t h e  c u l v e r t  o u t l e t  t o  
t h e  b a s i n ,  s e c t i o n  1. s u b s t i t u t i n g  Q / Y ~ W ~  f o r  V 1  and 
s o l v i n g  f o r  Q r e s u l t s  i n :  

. . . . . .  Q = Y ~ W B  [2g ( z o - z l f ~ o - ~ l ) + V ~  2 ] " 2 .  .IV-3-7 

This  express ion  has  t h r e e  unknowns y l ,  WB, and z l .  The depth 
y 1  can be determined by t r i a l  and e r r o r  if W3 and z l  a r e  
assumed. Wg should be l i m i t e d  t o  t h e  width t h a t  a je t  would 
f l a r e  n a t u r a l l y  i n  t h e  s l o p e  d i s t ance  L . 

.- . . . . . . . . . . . . .  W ~ < W ~ + ~ L ~ - / ~ F ~ ~  IV-B-8 

S ince  the flow is s u p e r c r i t i c a l ,  t h e  t r i a l  y l  va lue  should 
' 

s ta r t  near'  ze ro  and i n c r e a s e  u n t i l  t he  design Q is reached. 
- .  . T ~ S S  depth y l  i s  used t o  f i n d  t h e  sequent depth, y2 us ing  . 

t h e  hydrau l i c  jump equation:  . 

where Cl=TW/y2 r a t i o .  For USBR bas ins ,  C 1  is  found on f i g u r e  
V I I - D - 2 ;  f o r  t h e  hydrau l i c  jump, C1=1 .0 ;  and f o r  t h e  S A F  has in ,  
C 1  v a r i e s  wi th  F r  (see s e c t i o n  V I I - H  f o r  t h e  exp res s ions ) .  The 
above va lue  of  y2+z2 must be  equal  t o  o r  l e s s  than TW+z3 . f o r  
t h e  jump t o  occur. I n  o r d e r  t o  perform t h i s  check, 23 
is  obtained g r a p h i c a l l y  o r  by using t h e  following expressions:  

Solvirig f o r  2 3  . y i e l d s  - 
, 

. . 

. . .   his express ion i s  v a l i d  bn ly  if z2 i s  less than  o r  equa l  t o  - 
: ' .z3 . 

- 1f . z ~ + y 2 .  is  g r e a t e r  than z3+!tW, t h e  bas in  must be lowered . . 
. . and t h e  ' t r i a l  and error process  repeated u n t i l  s u f f i c i e n t  

t a i l w a t e r  e x i s t s  t o  f o r c e  t h e  jymp. 

Design procedure - 

. 1. ~ a l c u 1 a t . i  c u l v e r t .  b r i n k  depth yo using f i g u r e  111-9 . . 
. ,n., .' or lo- ,  v e l o c i t y  Vo, and ~ro=vo/Jsnlo'. 



2. ~etemine y n  ( t a i l w a t e r ,  TW) i n  downstream channel  wi th  ' 

t h e  a i d  o f  t a b l e  111-1. 

3, ~ i n d  y2 us ing  equa t ion  IV-B-9. 

4 ,  Compare y2  and .TW. I f  y2<  TW, t h e  jump w i l l  fonn. I f  
' Y ~ > T W ,  lower t h e  b a s i n  t o  p rov ide  a d d i t i o n a l  t a i l w a t e r .  

5. Determine the e l e v a t i o n  o f  t h e . b a s i n  by t r i a l  and error, 

Choose t r i a l  b a s i n  e l e v a t i o n ,  zl' 

A. Choose b a s i n  width ,  WB and b a s i n  . s l o p e s  ST and' Ss. 
A s l o p e  o f  0.5 ( 2 : l )  o r  0 . 3 3  (3.: 1) is  s a t i s f a c t o r y  . 

f o r  e i t h e r  ST o r  Ss. - . . 

B. Check WB us ing  e q u a t i o n  IV-B-8.' : .  

C..  C a l c u l a t e  y l  by t r i a l  and error u s i n g  equa t ion  
IV-B-7 and c a l c u l a t e  V l  

,D. .Ca lcu la te  F ~ I = V I / ~  . . 
E, . Determine y2 u s i n g  e q u a t i o n  IV-B-9 with C1 

corresponding t o  b a s i n  t y p e  
F. F ind  23 u s i n g  e q u a t i o n  IV-B-13. 
G .  C a l c u l a t e  y2i-z2 and'z3+TW. I f  y2+z2 is greater 

than z3+TW,. choose a n o t h e r  z l  and r e p e a t  steps ,---.. 
. - 4A through G u n t i l  b a l a n c e  i s  reached.  

6 .  . ~ a l c u l a t e '  LT, Ls, and LB u s i n g  equa. t ion IV-B-10, 11; 
and 1 2 .  The h o r i z o n t a l  d i s t a n c e  downstream t o  t h e  s i l l  
crest, L, i s  LT+L~+LB. 

7 .  d e t e r m i n e  ra.dius to  use  be tkeen  c u l v e r t  and t r a n s i t i o n  - - 
from f i g u r e  N-B-5. . . 

IV-B-1.. Meshgin, K. ,  Moore, W. L., DESIGN. ASPECTS AND . 

. PERFORMANCE CHARACTERISTICS OF RADIAL FLOW ENERGY. 
-DISSIPATORS, U n i v e r s i t y  o f  Texas . a t  Aust in ,  Research 
Report  116-2F, .August 1970. 

. . - . .  



Example Problem 

Given: lOx6RCB; 'Q=417 cf s, So=6.58 
Elevation outlet 'invert zo=lOO feet 
V0=27. 8 fps, yo=l. 5 feet 
Downstream channe1.i~ a 10'ft. bottom trapezoidal 
channel with 2:.1 side slopes and n=.03 

Find: Dimensions for hydraulic jump basin 

Solution: 

1. 'V0=27.8 fps, yo=1.5 ft. 

3 .  . y2=CLyi [m-1]/2=1.5 [ m - 1 ] / 2 = 7 . 8  ft. 

4. Since y2>TW, 7.7>1.9; The basin is too high, 
. . . . 

5, Try .zl=94 ft. since .y2-TW=6 ft. 
A, WB=10 . ft., ST=Ss=. 5 

7 B. . ' .  wj3=%+2 (z,-Z1), sT3 +1/3FrosT 

-wB=10+2(100-94)J./3(4) .5=12.2 2 ~ / 2  ft.>l0 ft. 0.k.. 
- 

C .  Q=yl10 [,2g (100-94+1.5-y1)+27..8 ] 
. Q=lOyl f64.4 (7. 5-yl)+772.8] "2 

Try yl=l ,ft., ~=345-low. 
. . yi=2. ft, , ~=671-high 
, .  . . . yl=l, 22 ft . , Q=418-OK 

. - . .  . . . . .  . . .. D.. 
. . 

. . . . 

F. LB=43(1.22)=53 ft. f i g u r e  VI-11 
LT=(~o-~2)/S$={100-94)/.5=12 ft.. 

. - .  z3=[.100- (J2+53-9 4/. 5) .065]/ ( .065/. 5+1) 
'23=[lOO+8]/l.l3=95.6 ft. . 

- G. y2+z2=94+8. 8=102.8 ft.. 
. z3fTW=95.6+1,9=97,5 ft, 
102..8>97.5 try zl=90 ft. 

T r y  zl=90 ft. 
. . A .  WB=10 ft-I ST=Ss=.5 

:B. %=lo ft, OK 
C ,  Q=l~yl[64.4 (11.5-Y1)+772.8]1'2 

n.. ~ ~ = l , l  ft,, Vl=37,9 fps 



E. Y2=1.1[J1+8 (6.37)"-11/2=9.37 n 

F. LB=53(1.1)=58 ft. 
Lm=(lOO-90)/.5=20 ft- 

. z;= [loo- (20+58-90/. 5). 065]/1.13. 
. . z3=94.4 f t .  

G. y2+z2=9. 37+90=99.4 ft.. 

z3+TW=94.4+1.9=96.3 ft. 
.since 99.4'96.3 try z1=85 ft. 

, . .  Try z1=85 
' . '  ' A, WB=10 ft., ST=S,=.5 

B. WB=10 f t .  OK 1 / 2  
- 

C. Q=lOyl [64.4 (16. 5-yl)+772;83 
jl=.99 ft., V1=42.1 fps 

* L. 

F. ~ ~ = 6 4  (0.99)=63 ft. 
LT=(fOO-85)/.5=30 ft. 
z,= [loo- (30+63-85/. 5) -0651/1.13 

29+~&94.8 f t .  OK use z1=85 f t . '  
-2. - 

- - A 

I st& -. 

5.. L v 3 0  ft., LB=63.'f . . 
. .  L S = ( ~ 3 - ~ 7 ) / S , = ( & 1 8 5 ) / . 5 = ~  ft- 

~ = 3 0 + 6 3 + w = l l 2 . 6  ft; 
, 3 i3;': 

" 6. Fro=? f r o m  f i g u r e  IV-B-5 y,/r=-- 1 

- DATUM . . ' 

30' . . 

. .. 113' 

EXAMPLE PROBLEM SKETCH (IV-8) .- ., 



FIGURE VI-11. lENGTH OF JUMP tN TEPMS O F  y,,,RECTANGULAR CHANNEL 
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Final Drainage Reporf - Red Mountain Freeway (SR 202L) Power Road to University Drive 
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Structural Calculations 

Project: Principal Spillway, Inlet and Outlet Structures 
Client: Arizona Department of Transportation 
SCI Project No: 17000 
Date: August 1,2005 

Designed: D. Joder 
Checked: J. Lange and N. Vivar 
Approved: D. Shiosaka 
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Project No.: 17000 Red Mountain Calc'd by: JDJ Date: 2-Aug-05 

Subject: New Principal Spillway Checked by: ,j@ L 
Stanley Consultants Irn 

~ab: a/os 
Sheet No.: 

Q:\l7000\Active\07-Design\02-Comps\07-Str\spPrincipal Spillwayxls]Tille Sheet 

DESIGN CRITERIA: 

Design code: 

Concrete Design: 

Loading: 

Allowable Stresses: 

AASHTO Standard Specification for Highway Bridges, 16th Ed. 
17th Edition, 2002 

Allowable Stress Design (ASD) 

Lateral Earth Pressure - 35 pcf Equivalent Fluid Pressure 
Hydrostatic Loading - 62.4 pcf 

f c  = 3,000 psi 
fy = 60,000 psi 

fc-a~~ow = 1200 psi 
f,-,lbw = 24,000 psi 



Project No.: 17000 Red Mountain Calc'd by: JDJ Date: 2-Aug-05 

Subject: New Principal Spillway Checked by: J,&L  ate: 
Stanley Consultants IK Sheet NO.: z 

Q:\l7000~ctive\07-Design\02-Comps\07-Str\spilly\outlet\[Pncipal Spillway.xls]Title Sheet 

U-Channel Outlet: 

During a flood event water will flow around the ends of the wingwalls and the u-channel will have 
roughly equal water levels on both sides of the walls (i.e. no load to the walls). During extremely 
high flows there might be some inequality of water levels (hydraulic jump) but it is not possible to 
determine exactly what the nature of that inequality will be. Ergo, a conservative approach is to 
design for 10' of hydrostatic water pressure on the inside of the u-channel only. Designing for a 
full 18' water depth is overly conservative and not a realistic loading scenario. 

Reinforcing (ASD): 

Geometry & Design Moments: 

rc = 3000 psi 

fy = 60000 psi 
- 

fc-allow - 1200 psi 
fs-,llow = 24000 psi 

Econc = 31 2201 9 psi 
Eskel = 29000000 psi 

n = 9.3 
analysis width, b = 12 in 

Water Depth, H = 10 ft 
EFP = 62.4 pcf 

W = 3.120 kips 

0- Wall Thickness @ Top = 10 in 
Wail Thickness @ Bottom = 22 in 

I I 

- - 



Project No.: 17000 Red Mountain Calc'd by: JDJ Date: 2-Aug-05 

Subject: New Principal Spillway Checked by: dML Date: @/OS 
Stanley Consultants IK Sheet No.: 3 

Q : \ 1 7 0 0 0 \ A c l 1 v e \ 0 7 - D e s i g n \ 0 2 C o m p s \ 0 7 - S t ~ n c i p a i  Spillway.xls]T~tle Sheet 

@ base of wall (S1 bars): 

Fraction of Wall Height = 
Wall thickness = 

Bar Size = 
Bar Diameter = 

Bar Area = 
Cover = 

d = 
Spacing = 

1 .OO (as measured from the top down) 
22.0 in 

6 
0.75 in 
0.44 in2 

2 in 
19.63 in 
12.00 in 

- 
Mdesign load - 10.4 k*ft (working load) 

As = 0.442 inA2 per b 
p = 0.0019 
k = 0.170 

kd (in) = 3.3 

Mrebar capacity (k-ft) = 16.36 OK! ' Mdesign load 

@ Mdesign loadr fc (psi) = 337 OK, < fe-allow 

Minum Rebar Checks (per AASHTO 8.17.1 .I & ADOT BPG pg 5-6): 

I i n 4  = I 0648 
f (psi) = 41 1 AASHTO 8.15.2.1 . I  

1 .2*Mcr (k-ff)  = 40 AASHTO 8.13.3 

1 .2*Mma, (k-ft) = 12.5 OK! 



Project No.: 17000 Red Mountain Calc'd by: JDJ Date: 2-Aug-05 

Subject: New Principal Spillway Checked by: JWL Date: b / ~ s  
Stanley Consultants INC Sheet No.: 4 

Q:\l7000\Act1ve\07-Des1gn\02-Comps\07-S~rkp1IIwy\outIeI\IPrincipal Sp~llway.xls]T~tle Sheet 

Footing Design: For hydrostatic condition, assume moment at base of wall is 
transferred directly to footing. Check soil bearing assuming 
uniform loading since system is not subject to rotation. 

Footing Thickness = 
Bar Size = 

Bar Diameter = 
Bar Area = 

Cover = 
d = 

Spacing = 

- 
Mdesign load - 

As= 
P = 
k = 

kd (in) = 
Mrebar capacity (k-ff) = 

@ Mdesign loads fc (psi) = 

- # 6 @ 1 2 i n  
10.4 k*ft (working load) 

0.442 i n 9  per b 
0.001 9 
0.170 
3.3 

16.36 OK! > Mdesign load 

337 OK, < fc-allow 

Minum Rebar Checks (per AASHTO 8.17.1 .I & ADOT BPG pg 5-6): 

l S s  (in4) = 10648 

fr (psi) = 41 1 AASHTO 8.15.2.1 .I 
I .2*Mcr (k-ft) = 40 AASHTO 8.13.3 

1 .2*MmaX (k-ft) = 12.5 OK! 

Soil Bearing: 

Allowable = 
Wall Weight = 
Slab Width = 

Slab Weight = 
Channel Width = 

Water = 
Total Wt of Channel + Water = 

Unit Bearing Load to Soil = 

2500 psf (per Prelim. Geotech Rpt, May 2004, P. 34) 
4000 plf of U-Channel (for both walls combined) 
22.67 ft 
6234 plf of U-Channel 

18 ft 
11232 plf of U-Channel 
2 1 466 plf 

947 psf (assumes walls are distributed) 
OK! 



Project No.: 17000 Red Mountain Calc'd by: JDJ Date: 2-Aug-05 
Subject: New Principal Spillway Checked by: ~ W L  Date: 6/05 

Stanley Consultants ,NC Sheet No.: 

Q:\17000\Adive\07-Design\02-Comps\O7-Strpilway\tlet\[Pncipa Spiilway.xls]Title Sheet 

U-Channel Outlet: 

While the walls are not to be backfilled, the possibility remains that some backfilling may 
occur during current or future earthwork activity. Conservatively apply 14' of backfill to 
wall. By observation, this loading will control over a full-height wind load with no backfill. 
Given the conservative nature of this loading scenario, neglect any wind load above the 
14' soil profile. 

Reinforcing (ASD): 

f, = 3000 psi 

fy = 6W0b psi 
- 

~C-~I IOW - 1200 psi 
f,.,,~~~ = 24000 psi 

Econc = 3122019 psi 
= 29000000 psi 

n = 9.3 
analysis width, b = 12 in 

- 
Geometry & Design Moments: 

Wall Height, H = 18 ft 
Soil Depth, h = 14 

EFP = 35 pcf 

C W = 3.430 kips 
Wall Thickness @ Top = 10 in 

i Wall Thickness @ Bottom = 22 in 

I I 

- 



L a Subject New Pnncrpal Sptllway Checked by .&IG 
Stanley Consultants INC Sheet No & 

Q \I 7 0 0 0 V \ c t t v e \ 0 7 - D e s 1 g n \ 0 2 - C o n r p s \ 0 7 - S t r \ s l  Sp~llway xlsjTttle Sheet 

@ base of wall (S1 bars): 

Fraction of Wall Height = 1 .OO (as measured from the top down) 
Wall thickness = 22.0 in 

Bar Size = 8 
Bar Diameter = 1 in 

Bar Area = 0.79 in2 
Cover = 2 in 

d = 19.50 in 
Spacing = 12.00 in 

- 
Mdesign load - 16.0 k*ft (working load) 

A, = 0.785 i n 9  per b 
p =  0.0034 
k = 0.220 

kd(in)= 4.3 

capacity Wmfi) = 28.38 OK! > Mdesign load 

@ Mdesign loadr fc (psi) = 41 2 OK, < fc-allow 

Minum Rebar Checks (per AASHTO 8.17.1 .I & ADOT BPG pg 5-6): 

l rSs  (in4) = 10648 

fr (psi) = 41 1 AASHTO 8.15.2.1 .I 
1 .2*Mcr (k-ft) = 40 AASHTO 8.1 3.3 

1 .2*Mmax (k-ft) = 19.2 OK! 



Project No.: 17000 Red Mountain Calc'd by: JDJ Date: 2-Aug-05 

Subject: New Principal Spillway Checked by: &&  ate: 8/05 
Stanley Consultants IMC Sheet No.: 7 

Q.\17000V\ctive\07-Design\02-Camps\07-Slr~pillway\wtlet~Pri~i~l Spillway.xls]T~tle Sheet 

i 

Footing Design: 

Footing Thickness = 22.0 in 
Bar Size = 8 

Bar Diameter = 1 in 
Bar Area = 0.79 in2 

Cover = 3 in 
d = 18.50 in 

Spacing = 12.00 in 

- 
Mdeslgn load - 16.0 k*ft (woi-king load) 

A, = 0.785 inA2 per b 
p = 0.0035 
k = 0.226 

kd (in) = 4.2 

Mrebar capac, (k-ft) = 26-87 OK! > Mdesign load 

@ Mdesign load* fc (psi) = 448 OK, < fc-allow 

Minum Rebar Checks (per AASHTO 8.17.1 .I & ADOT BPG pg 5-6): 

I s  (in4) = 10648 

fr (psi) = 41 1 AASHTO 8.15.2.1 .I 
1 .2*MCr (k-ft) = 40 AASHTO 8.1 3.3 

1 .2*Mma, (k-ft) = 19.2 OK! 
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Project No. J 7d 8 0 PageNo. 9 
Subject 

Date 0 r /Yd R .'&f 

Date 

Date o\ A3 t ec Sheet No. iJ - - - -- - .- $5 - .- - 



Project No. /760 (3 Page No. 10 
Subiect 

Date J"MA@ 2 0 6 ~  
Date 4 -0 g 
Date -o\ -F?d-$ 02 - Sheet No. - - 3 " 9- _ _ . 



Project No. / 780 0 Page No. 11 
Subject 

Date O ~ " ~ ~ R I D ~ X  
Date $ - p  . @( 

Date _0\33.405- - Sheet No. -9 - of - - "-?& 



Job No. 17000 Page No. 1 %  
Subject Spillway Outlet Rebar Quantity 

Computed by 
Checked by 
Approved by 

Date 05 Apr 2005 
Date $) . 8 

Date ' 3 \F4 \34~ !7  Sheet No. Of - 

Bar Slze WelgM (IbIfI) 
3 0.376 
4 0.668 
5 1.043 
6 1.502 
7 2.044 
8 2.67 
9 3.4 
10 4.303 
11 5.31 3 
14 7.65 
18 13.6 

Length along Wing Wall Height Assumed Design Height 
0 14.00 14 
1 13.21 14 
2 12.42 14 
3 11.63 12 
4 10.84 12 
5 10.05 12 
8 9.26 10 
7 8.47 10 
8 7.68 10 
9 6.89 7 

9.5 6.50 7 

Size Quantity (ea) Length (ff) Weight per Length (lblff) Weight (lb) Comment 
Bottom Slab 

4 18 3 0.668 36.1 Dowels 
4 42 15.32 0.668 429.7 Long. chute 
4 46 27.50 0.668 845.0 Long. lower slab 
4 46 15.32 0.668 470.6 Long. indined slab 
6 14 22.33 1.502 469.6 Trans. chute 
8 14 19.33 2.67 722.7 Trans. chute 
6 29 25.67 1.502 11 18.0 Trans. lower slab 
8 29 22.67 2.67 1755.1 Trans. lower slab 
6 14 25.67 1.502 539.7 Trans. inclined slab 
8 14 22.67 2.67 847.3 Trans. inclined slab 

Chute Blocks 
4 5 
4 5 
4 5 
4 5 
4 5 
4 5 
4 5 
4 5 
4 5 
4 5 
4 5 
4 5 
4 5 
4 25 

Baffle Blocks 
5 20 
4 8 
4 8 
4 8 
4 8 

End Sill 
4 19 
4 2 

Channel cutoff wall 
4 23 
4 23 
4 9 

Headwall curb 
4 11 
4 14 

Chute walls 
4 64 
6 4 
6 28 
6 28 
5 28 
5 28 

0 Tran 
1 Tran 
2 Tran 
3 Tran 
4 Tran 
5 Tran 
6 Tran 
7 Tran 
8 Tran 
9 Tran 
0 Tran 
1 Tran 
2 Tran 

IS. Vert. U-bar 
IS. Vert. U-bar 
IS. Vert. U-bar 
IS. Vert. U-bar 
IS. Vert. U-bar 
IS. Vert. U-bar 
IS. Vert. U-bar 
s. Vert. U-bar 
s. Vert. U-bar 
s. Vert. U-bar 
s. Horiz. U-bar 
s. Horiz. U-bar 
s. Horiz. U-bar 

Long. U-bar 

Vert. U-bar 
Horiz. U-bar 
Horiz. U-bar 
Horiz. U-bar 
Horiz. U-bar 

Vert. U-bar 
Trans. 

Vert. L-bar 
Vert. L-bar 
Horiz. Bar 

Horiz. Bar 
Horiz. Bar 
Vert. Bar 
Vert. Bar 
Vert. Bar 
Vert. Bar 

Page I 12 



Job No. 17000 Page No. 19 
Subject Spillway Outlet Rebar Quantity 

Computed by Date 05 Apr 2005 
Checked by 0ate mf 
Approved by Date Sheet No. Of - 

Bar Slze Weight (IWA) Length along Wing Wall Height Assumed Design Height 
3 0.376 0 14.00 14 

Size Quantity (ea) Length (A) Weight per Length (lblft) Weight (lb) Comment 
18' walls 

4 72 23.5 
6 4 23.5 
6 56 14.08333333 
6 56 8.666666667 
8 56 10.41666667 
5 56 8.083333333 
5 56 11.41 666667 

Channel end walls 
4 64 12 
6 4 12 
6 26 14.08333333 
6 26 8.666666667 
8 26 10.41666667 
5 26 6.083333333 
5 26 9.416666667 

Wing walls (walls, footings, B. cutoff walls) 
4 16 9.5 
5 22 11.91 666667 
5 22 6 
4 32 9.5 
5 22 12 
4 20 9.5 
7 6 7 
6 6 5.25 
6 6 11.75 
5 4 8.5 
5 6 15.75 
5 6 13.75 
7 6 8.688886867 
6 6 7.666666667 

Horiz Bar 
Horiz. Bar 
Vert. Bar 
Vert. Bar 
Ven Bar 
Vert. Bar 
Vert. Bar 

Horiz. Bar 
Horiz. Bar 
V e t  Bar 
Vert. Bar 
Vert. Bar 
Vert. Bar 
Vert. Bar 

Wall Horizontal Bar 
Wall Vertical bar (comp. side) 
Footing transverse bot. bar 
Footing long. bar 
Cutoff wall U-bar 
Cutoff wall long. Bar 
Vert. Bar - S1,14' 
V e t  Bar - Sl ,  1 2  
Vert. Bar - S1,lO' 
Vert. Bar - S1, ir 
Vert. Bar - S2.14' 
Vert. Bar - S2.12 
Footing transverse top bar -T, 14' 
Footina transverse too bar - T. 12' 

8 6 6.666666667 1.502 60.1 ~ o o t l i  transverse tob bar - T; 10' 
5 4 5.166666667 1.043 21.6 Footing transverse top bar - T, 7' 

I Total Weight = 21487.1 Ibs. 

Page 2 1 2 



~:'\~~~p\stkad\s~illwa~~inlet. s td  04/13/05 09 : 58 : 15 1 4- 
STAAD PLANE BOX CULVERT 
S.T?iRT JOB INFORMATION 
JOB NAME 17000 
JOB CLIENT ADOT 

m u  JOB INFORMATION 
INPUT WIDTH 79 
UNIT FEET KIP 
JOINT COORDINATES 
1 0 9.54 0; 2 13.25 9.54 0; 3 0 0 0; 4 13.25 0 0; 
MEMBER INCIDENCES 
1 1 2 ; 2 3 1 ; 3 4 2 ;  
DEFINE MATERIAL START 
ISOTROPIC CONCRETE 
E 453600 
POISSON 0.17 
DENSITY 0.14999 
ALPHA 5.5e-006 
DAMP 0.05 
END DEFINE MATERIAL 
MEMBER PROPERTY AMERICAN 
2 3 PRIS YD 1.25 ZD 1 
1 PRIS YD 1.08333 ZD 1 
CONSTANTS 
MATERIAL CONCRETE MEMB 1 TO 3 
SUPPORTS 
3 4 FIXED 
LOAD 1 LOADTYPE Dead TITLE DEAD 
SELFWEIGHT Y -1 
LOAD 2 LOADTYPE None TITLE SOIL - -  SATURATED 
MEMBER LOAD 
1 UNI GY -0.36 
2 TRAP GX 1.016 0.3 
3 TRAP GX -1.016 -0.3 
LOAD 3 LOADTYPE None TITLE LIVE 
MEMBER LOAD 
1 UNI GY -3.05 4 9.25 

C ', 4 LOADTYPE None TITLE SOIL - -  SUBMERGED 
$R LOAD 
NI GY -0.36 

2 TRAP GX 1.309 0.45 
3 TRAP GX -1.309 -0.45 
LOAD COMB 10 COMBINATION LOAD 
2 1.5 3 2.16667 1 1.5 
LOAD COMB 11 COMBINATION LOAD -- SUBMERGED SOIL LOAD 
4 1.5 1 1.0 
PERFORM ANALYSIS PRINT STATICS CHECK 
FINISH 

Page: 1 

- 
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1 ADOT IFHe spillway-inlet.std I oak"rne 13-~pr-500b 09:58 1 

Job No 

17000 

Sofhvam licensed to STANLEY CONSULTANTS INC 
Part 

Sheet No 

1 

Job Title 17000 Ref 

Job Information 

I 

1 Structure Type I PLANE FRAME ( 

Rev 

I I I 

I I 
Approved Engineer 

Name: ( N.L. Vivar 

Number of Basic Load Cases I 4 
Number of Combination Load Cases I 2 

I Checked 

I 

Number of Nodes I 4 1 Highest Node 

1 Included in this printout are data for 
1 All I The Whole Structure 

Date: I 06-A~r-05 I I 
4 

Number of Elements 1 3 1 Highest Beam I 3 

Included A this printout are results for load c a a  

/ Beam Force Detail 
Sign convention as diagrams:- positive above line, negative below line except Fx where positive is compression. Distance d is given from beam er 

WP 

Primary 
Primary 
Primaw 

I Axial 1 Shear I Torsion ( Bending 
I h a m  ( UC I d I F x ) F y ~ F z ~ M x I M y ) M z  

UC 

1 
2 
3 

'rint TimeDate: 13m12006 09:59 STAAD.Pro for Windows Release 2004 

Name 

DEAD 
SOIL -- SATURATED 
LIVE 

1 

Print Run 1 of 6 

1:DEAD 
(fi) 
0.000 
1.325 

(kip) 
0.296 
0.296 

(kip) 
1.076 
0.861 

(kip) 
0.000 
0.000 

(kip-ft) 
0.000 
0.000 

(kip-ft) 
0.000 
0.000 

(kip-ft) 
1.910 
0.642 
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a. 6E3 
Stanley Consultants INC, 

Computed by N.L. Vivar 
Checked by 
Approved by 

Bar Size Weight (Iblfl) 
3 0.376 

Job No. 17000 Page No. 24 
Subject Dissipator Rebar Quantity 

ZnlbBT 
Date 01 Apr 2005 
Date 
Date O\AS L Sheet No. of 

Size Quantity (ea) Length (ft) Weight per Length (lblft) Weight (lb) Comment 
Bottom Slab 

7 
6 e- ; 

Top Slab 
5 
5 
7 
7 
4 
6 

Side Walls 
5 
4 
4 

Front Wall 
4 
4 
5 
4 
7 

Lip 
6 
6 
4 

Pedestal 
4 
4 

top, trans 
top, long 
bot. trans. Bent 
bot. long 

top, long 
bot. long 
top, trans. Bent 
bot, trans 
edge beam bent 
edge beam 

inside face, barrel 
inside face, mouth 
inside and outside faces, long 

horiz bar, inside & ouside faces 
vert., inside face 
vert. splice bar, outside face 
corner angle bar 
bot corner bent bar 

corner angle bar 

Q:\l7000\Active\07-Design\02-Comps\07-Str\spilIway\inlet\inlet~bar.xls 
Page 1 I2 Sheet1 4/26/2005 



0 Outside Edge. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 Inside Edge 

5 4 1 1.75 1.043 49.0 

I Total Weight = 13332.5 Ibs. I 

Page 2 12 



Stanley Consultants INC. Page NO. 2~ . 
Project No. type # 

Comp Date: '01 Apr 2005 Principal Spillway 
Print Date: 4/26/2005 Energy Dissipator 
Print Time: 218 PM Sheet 1 of 1 

ZN&5-7- 

Concrete Quantitv Calcuation 

Reference:K:\Technical~Programs\StructuraiO ACI 318-2052 Mathcad Electronic 6ook.mcd 

Units: - 
k k Ibf Ibf 

k := 1000.lbf kpf := - ksf := - 
k &:= - k 

kcf := - lb f 
ppf := - lbf 

psf := - 
A?&:= 7 &.= - 

ft 
ft2 in fi2 in ft3 

2 
ft3 

ft  

2.n.rad 2-n-rad 
rpm := - cps := - 

min sec 

Description 

This computation calculates the volume of concrete for 
the energy dissipator end section. 

Design Criteria 

Provide the design criteria and other information that is known and will be used in the calculations. 

Vsides := 2.(24-ft + 3.in)-(9.ft + 1.in)-(1-ft + 3-in) Vsides = 550.677 ft 
3 

Vbot = 703.25 ft 3 Vbot := 2.ft.(24.ft + 3.in).(14.ft + 6-in) 

Vfront := 1.25-ft.[12.ft.(9.ft + loin) - 2ft.2ftI Vfront = 131.25 ft 3 

Vtop := (1-ft + l.in).(24.ft + 3-in - 14-ft - 1.25.ft).12.ft Vtop = 117 ft 3 

Vped := 2.5.ft. 1 .ft.5.ft Vped = 12.5 ft 
3 

Vears := 2(13.25.ft.18-ft - l.ft.8.ft - 0.5.6.ft-6ft - 6.5.fi.7.25-ft).lO.in Vears = 275.625 ft5 

Vtot := Vsides + Vbot + Vfiont + Vped + Vears 
Vtot = 1673.302 ft 

3 

Vtot = 61.974 yd 
3 
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APPENDIX C 

HEC-RAS UNSTEADY FLOW ANALYSES 

100-Year Analysis 
PMF Analysis 

Emergency Spillway Overtopping Analysis 
Spook Hill FRS Drawdown Time 
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Final Drainage Repotf - Red Mountain Freeway (SR 202L) Power Road to University Drive 

APPENDIX C 

HEC-RAS UNSTEADY FLOW ANALYSES 

Emergency Spillway Overtopping Analysis 
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I  at ~ t ruc t l  
- - 

Max WS 
Max W S  

Lat Struct 
281.48 
261.52 

MaxWS 1 219.77 1 1575.95 1 1584.34 1 

Max WS ---- 
Max WS 

Upper FRS ?.4 J. 
Upper FRS I .4L- ...-. . . - 

/ Uooer FRS 1 I .7l 

1575.95 
1575.95 

Upper FRS ! 1.596 189.63 1575.95 1584.34 
Upper FRS 1 I .6: 188.89 1575.95 1584.34 
G~FRs -- 188.46 1575.95 1584.34 

196.41 
188.70 
189.87 

Lat Struct 

I culvert I 

1584.34 
1584.34 

GWS Upper FRS 
Upper FRS 

- - 

188.37 1575.95 1584.35 
Max WS 187.14 1575.95 1584.36 

337.15 1575.95 1584.36 

1575.95 
1575.95 
1575.95 1.581 

1.581 1 

1 Uaoer FRS / 2.043 / I 

1584.34 
1584.34 
1584.34 

544.14 1575.95 1584.36 
Lat Struct 

463.05 1575.95 1584.36 

Max WS -- 

Wax WS U P  F R  ; 4 
Upper FRS 
Uooer FF Lat Struct 

529.80 1575.95 1584.36 
664.90 1575.95 1584.36 

1 upper FF 

1lJpper FF.- /;:;;;, , 1 I .,..,. . . 
Upper FRS 

I Lat ~ t ruc t l  
dax WS -- 
Aax W S  

k p e r  FRS 13.042 1498.1 8 1 1575.95 1 1584.37 ( 

hax WS 
a-- 

Aax W S --- - 
Upper FR 
Upper FR 

Upper FR ---- 

1507.32 

1472.55 

Culvert 
2612.20 

2470.81 
2876.72 

Upper FRS 

Upper FRS 
Upper FRS 

Upper FRS 

1575.95 

1575.95 

1575.95 

1575.95 
1575.95 

3.289 

3.376 

3.433 
3.497 

1584.42 
1584.33 

1585.50 

1586.50 
1586.47 

4548.491 1575.95 

Max WS 

Max WS 

Max WS 
Max WS - 1586.47 



HEC-RAS ~lad100--7.5 brofile: Max WS (Continued) 

l ~ p p e r  FRS 13.805 I ~ a x  ws I 5996.00 1 1575.95 1 1586.76 1 

Upper FRS 
Upper FRS 

UpperFRS 
Upper FRS 

Upper FRS ] 
U D D ~ ~  FRS 

3.566 I Max WS 
3.626 I  ax WS 
3.; Max WS 
3.; 
3.1 Max WS 
3.8U4 Max WS 

6379.64 
6432.50 
6231.85 

Lat Struct 
6071.53 
5995.81 

1575.95 
1575.95 
1575.95 

1575.95 
1575.95 

1586.50 
1586.54 
1586.58 

1586.64 
1586.76 



h e r  FRS 10. 
Max WS 1 1174.361 1575.951 1582.881 \ w e t  
Max WS 1 1121.451 1575.951 - 1582.881 \ Q& 

I tower FRS / 0. lor, 1010.691 1575.951 1582.881 ( $,,,& 1 
Lower FRS / 0.253 I M ~ ~ W S  1 741.051 1575.95) 1582.891 \ g 3 

Lower FRS 10.370 l ~ a x  ws 1 384.09 1 1575.95 1 1582.88 1 \ 
1 tower FRS / 0 . ~ ~ ~  Max WS 1 l-- 385.09 ( 1575.95 1 1582.88 1 \ 

MaxWS 1 1082.48 1 1575.95 1 1582.88 1 
Max WS 1 1215.861 1575.95 1 1582.751 / 

[upper FRS ! 0.2 

Upper FRS 
Uooer FRS 

Max WS ] 1217.37 1575.95 1582.89 
Max WS 1218.11 1575.95 1583.37 
Max WS 11 15.79 1575.95 1583.38 

1 upper FRS 10.81 7 I M ~ X W S  ] 162.48 1 1575.95 1 1583.39 1 

Upper f 

Upper f E 
Upper FRS / 0.8171 
Upper FRS / 0.902 

lax WS -- . 
Upper FKS 1 1 . ~ 8 6  

b S  1.2881 

l ~ a x w s  1 263.42 1 1575.95 1 1583.391 

I 1  at ~truct  l 

Uooer 1 Max WS 425.17 1575.95 1583.39 
Max WS 

Upper FRS 1 1.321 IM~XWS 1 227.971 1575.95) 1583.391 
Upper FRS MaxWS 1 203.70 1 1575.95 1 1583.39 1 1 upper FRS i ;; 
Upper FRS 

Lat Struct 
295.63 

I Lat structl 
Max WS 1 198.42 1 1575.95 1 1583.39) 
MaxWS I 195.73 1 1575.95 1 1583.391 
MaxWS 1 194.05) 1575.951 1583.391 

1575.95 

1 /  at ~truct  1 
'MaxWS 1 193.81 1 1575.951 1583.391 

1583.39 

Upper FRS / 1.638  ax ws 1 194.14 1 1575.95 1 1583.39 1 
Upper FRS / 1.664  ax ws I 192.59 1 1575.951 1583.391 
Upper FRS 11.701 culvert I 
U~oer  F 192.59 1 1575.95 1 1583.391 RS j1.7 , 

'RS 11.8 - 
Max WS -- 
Max WS 
Max WS 
-. ...A 

Max WS 

Upper FRS ,I 2.167 

Max WS 

Max WS 

Max WS 

Max WS 

Upper FRS .2.3n7 M z W S  -- 
Upper FRS 2.3 
Upper FRS 12.3 4 Upper FRS 2.5 

upper FRS 12.5 -- 
Upper FRS 2 6  

'upper FRS 2.7 
A 

Max WS 

1412.39 

1 upper FRS 12 9 

1703.75 
Lat Struct 

1905.86 
1655.14 

Lat Struct 
1492.58 
1312.77 

Max WS -- . . ...- 

1575.95 1583.54 

1575.95 

1575.95 
1575.95 

1575.95 

1575.95 

Max WS 

Max WS 

1583.55 

1583.56 

1583.58 

1583.59 
1583.60 

Upper FRS 
Upper FRS 

Upper FRS - 
Upper FRS 
Upper FRS 

Upper FRS 

2733.27 
2695.46 

Lat Struct 

2565.00 

251 1.35 

Culvert 
Upper FRS 

Upper FRS 
Upper FRS 

Upper FRS 

3.042 
3.123 

3.1231 --- 
3.207 

13.235 

3 257 

1575.95 
1575.95 

1575.95 

1575.95 

Max ws 
Max WS 

I 
I 

3.289 

3.376 

3 433 
3.497 

1583.67 

1583.70 

1583.91 
1583.69 

Max w s  

Max WS 

Max WS 
Max WS 

2537.02 

2446.76 

2787.32 
4318.32 

1575.95 

1575.95 
1575.95 

1585.41 

1586.40 
1586.37 

1575.95, 1586.38 



. . - 
Upper FRS 3.' Max WS 5735.32 1575.95 1586.54 
Upper FRS 3.tru4 Max WS 5669.84 1575.95 1586.65 
Upper FRS 3.805 Max WS 5669.93 1575.95 1586.65 



HEC-RAS Version 3.1.1 May 2003 
U. S . Army Corp, of Engineers 
Hydrologic Engineering Center 
609 Second Street, Suite D 

Davis, California 95616-4687 
(916) 756-1104 

X X XXXXXX XXXX XXXX XX XXXX 
X X X X X X X X X  X 
X X X X X X X X X  
XXXXXXX XXXX X XXX XXXX XXXXXX XXXX 
X X X X X X X X X 
X X X X X X X X X X 
X X XXXXXX XXXX X X X X XXXXX 

PROJECT DATA 
Project Title: FRS Emergency Spillway Overtopping 
Project File : ES0vertopping.prj 
Run Date and Time: 6/21/2005 1:04:12 PM 

Project in English units 

Project Description: 
Hill Floodwater Retarding Structure: Design Analysis (April 

pared for: Arizona Department of Transportation 

Red Mountain Freeway (202L) - Power Road to University Drive 

Prepared by: 
Stanley Consultants 

2929 East Camelback Road, Suite 
130 

Phoenix, Arizona 85016 

Emergency Spillway 
Overtopping Analysis 

This model addresses comments from the FCDMC regarding 
the point at which the FRS Emergency Spillway begins to overtop. Assessment is 
based upon hydrographs obtained from unrefined HEC-1 models using various 
rainfall depths. 

The models presented in this project include: 

* The 
final design models (100-yr & PMF) developed by Stanley Consultants 

that 
addresses review comments. 
* Various models (all based on the 100-year 
HEC-RAS analyses) with new input hydrographs for various rainfall values. 
These models are for backsround information 

and should not be used-as a 
()is for design. 
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PLAN DATA 

Plan Title: 100-year 7.5 inches 
Plan File : q:\17000\Active\07-Design\ll-Water Res\~ppendices\H&H Models for FCDMC\SCI\ES 
Overtopping\ESOvertopping.p05 

Geometry Title: Final Design Geometry 
Geometry File : q:\17000\~ctive\07-Design\ll-water Res\Appendices\H&H Models for 

FCDMC\SCI\ES Overtopping\ESOvertopping.g06 

Flow Title 
Flow File 

Plan Description: 
Spook Hill FRS 
95% Design Analysis 
Probable Maximum Flood Event 

Plan Summary Information: 
Number of: Cross Sections = 90 Mulitple Openings = 0 

Culverts - - 3 Inline Structures = 0 
Bridges - - 3 Lateral Structures = 12 

Information 
Water surface calculation tolerance = 0.01 
Critical depth calculaton tolerance = 0.01 
Maximum number of interations = 20 
Maximum difference tolerance = 0.3 
Flow tolerance factor = 0.001 

Computation Options 
Critical depth computed only where necessary 
Conveyance Calculation Method: At breaks in n values only 
Friction Slope Method: Average Conveyance 
Computational Flow Regime: Subcritical Flow 

profile Output Table - Spillway Overtopping 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* Reach * River Sta * Profile * Q Total *Min Ch El *W.S. Elev *Crit W.S. * 
* * * * (cfs) * (ft) * (ft) * (ft) * . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* Lower FRS * 0.000 * Max WS * 1689.46 * 1575.95 * 1584.11 * 1577.10 * 
* Lower FRS * 0.015 . * Max WS * 1689.48 * 1575.95 * 1584.12 * * 
* Lower FRS * 0.083 * Max WS * 1680.57 * 1575.95 * 1584.13 * * 
* Lower FRS * 0.096 * Max WS x 1678.78 * 1575.95 * 1584.13 * * 
* Lower FRS * 0.113 * Max WS * 1676.84 * 1575.95 * 1584.13 * * 
* Lower FRS * 0.130 * Max WS * 1674.69 * 1575.95 * 1584.13 * x 

* Lower FRS * 0.165 * Max WS A 1670.17 * 1575.95 * 1584.13 * * 
* Lower FRS * 0.253 * Max WS * 1659.12 * 1575.95 * 1584.14 * * 
* Lower FRS * 0.370 * Max WS x 1644.34 * 1575.95 * 1584.14 * x 

* Lower FRS * 0.374 * Max WS * 1643.70 * 1575.95 * 1584.15 * x 

* 0.450 * Max WS * 702.54 * 1582.10 * 1584.15 * * 
eeway * 0.476 * Max WS * 702.98 * 1575.67 * 1584.34 * * 
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e t e e w a y  
, r e e w a y  

* F r e e w a y  
* F r e e w a y  
* F r e e w a y  
* F r e e w a y  
* F r e e w a y  
* F r e e w a y  
* F r e e w a y  
* F r e e w a y  
* F r e e w a y  
* F r e e w a y  
* F r e e w a y  
* F r e e w a y  
* F r e e w a y  
* F r e e w a y  
* F r e e w a y  
* F r e e w a y  
* F r e e w a y  
* F r e e w a y  
* F r e e w a y  
* F r e e w a y  
* F r e e w a y  
* F r e e w a y  
* F r e e w a y  
* F r e e w a y  
* F r e e w a y  
* F r e e w a y  
* - 3 r e e w a y  

C a e e w a y  
' r e e w a y  

* F r e e w a y  
* F r e e w a y  
* F r e e w a y  
* F r e e w a y  
* F r e e w a y  
* F r e e w a y  
* U p p e r  FRS 
* U p p e r  FRS 
* U p p e r  FRS 
* U p p e r  FRS 
* U p p e r  FRS 
* U p p e r  FRS 
* U p p e r  FRS 
* U p p e r  FRS 
* U p p e r  FRS 
* U p p e r  FRS 
* U p p e r  FRS 
* U p p e r  FRS 
* U p p e r  FRS 
* U p p e r  FRS 
* U p p e r  FRS 
* U p p e r  FRS 
* U p p e r  FRS 
* U p p e r  FRS 
* U p p e r  FRS 
* U p p e r  FRS 

per FRS 

* 
* Max WS 
* Max WS 
* Max WS 
* Max WS 
* Max WS 
* Max WS 
* Max WS 
* Max WS 
* Max WS 
* Max WS 
* Max WS 
* Max WS 
* Max WS 
* Max WS 
* 
* Max WS 
* Max WS 
* Max WS 
* Max WS 
* Max WS 
* Max WS 
* Max WS 
* Max WS 
* Max WS 
* Max WS 
* Max WS 
* Max WS 
* Max WS 
* Max WS 
* Max WS 
* 
* Max WS 
* Max WS 
* Max WS 
* Max WS 
* Max WS 
* Max WS 
* Max WS 
* 
* Max WS 
* Max WS 
* Max WS 
* Max WS 
* 
* Max WS 
* Max WS 
* 
* Max WS 
* Max WS 
* 
* Max WS 
* Max WS 
* 
* Max WS 
* Max WS 
* Max WS 
* 
* Max WS 

E S 0 v e r t o p p i n g . r e p  
x B r i d g e  * 
* 7 0 3 . 1 6  * 
* 7 0 3 . 2 1  * 
* 703 .07  * 
* 1 2 6 8 . 9 4  * 
* 1 2 6 9 . 2 0  * 
* 1 1 3 9 . 6 7  * 
* 1 1 4 0 . 8 9  * 
* 1 3 3 5 . 3 8  * 
* 1 3 3 5 . 9 3  * 
* 1 4 0 4 . 8 1  * 
* 1 4 0 3 . 9 8  * 
* 1 4 0 4 . 2 5  * 
* 1 4 0 0 . 5 8  * 
* 1 4 0 4 . 5 4  * 
* B r i d g e  * 
* 1 4 0 4  - 6 5  * 
x 1 4 0 4 . 8 2  * 
* 1 4 0 5 . 1 0  * 
* 1 0 3 9 . 7 9  * 
* 1 0 3 9 . 9 7  * 
* 1 0 6 3 . 0 9  * 
* 1 0 5 8 . 8 6  * 
* 8 9 4 . 3 7  * 
* 894 .57  * 
* 678 .54  * 
x 678 .96  * 
* 3 7 . 4 0  * 
* 3 7 . 6 8  * 
* 3 7 . 8 1  * 
* 34 .14  * 
* B r i d g e  * 
* 38 .07  * 
x 3 8 . 2 7  * 
* 3 8 . 7 1  * 
* 2 3 . 1 5  * 
* 0 .00  * 
x 941 .15  * 
x 908 .16  * 
* C u l v e r t  * 
* 9 0 9 . 0 0  * 
* 9 0 7 . 4 5  * 
* 6 8 7 . 9 2  * 
* 336 .77  * 
* L a t  S t r u c t  * 
* 393 .95  * 
* 4 6 1 . 3 0  * 
* L a t  S t r u c t  * 
* 281 .48  * 
* 2 6 1 . 5 2  * 
* L a t  S t r u c t  * 
* 219 .77  * 
* 1 9 2 . 1 2  * 
* L a t  S t r u c t  * 
* 1 9 6 . 4 1  * 
* 1 8 8 . 7 0  * 
* 1 8 9 . 8 7  * 
* L a t  S t r u c t  * 
*. 1 8 9 . 6 3  * 

P a g e  3  



E S 0 v e r t o p p i n g . r e p  
,>per FRS * 1 .638  * Max WS * 188 .89  * 1575.95  * 1584.34  * * 
pper FRS * 1.664 e * Max WS * 188 .46  * 1575.95 * 1584.34  * x 

* U p p e r  FRS * 1 . 7 0 1  * * C u l v e r t  * * * * 
* U p p e r  FRS * 1 .742  * Max WS * 188 .37  * 1575.95 * 1584.35  * x 
* U p p e r  FRS * 1.818 * Max WS * 187.14 * 1575.95  * 1584 .36  * * 
* U p p e r  FRS * 1 .934  * Max WS * 337.15 * 1575.95 * 1584.36  * * 
* U p p e r  FRS * 2.043 * Max W S  * 544.14 * 1575.95  * 1584.36  * * 
* U p p e r  FRS * 2 .0431 * * Lat S t r u c t  * * * * 
* Upper FRS * 2.167 * Max WS * 463.05 * 1575.95 * 1584.36 * * 
* U p p e r  FRS * 2.307 * Max WS * 516.92 * 1575.95 * 1584.36  * * 
* U p p e r  FRS * 2 . 3 0 7 1  * * Lat S t r u c t  * * * * 
* U p p e r  FRS * 2 .396  * Max WS * 529.80 * 1575.95 * 1584.36  * * 
* U p p e r  FRS * 2.524 * Max WS x 664.90 * 1575.95 * 1584.36  * * 
* U p p e r  FRS * 2 . 5 2 4 1  x * Lat Struct * * * * 
* U p p e r  FRS * 2.617 * Max WS * 707.47 * 1575.95 * 1584.36  * x 
* U p p e r  FRS * 2 . 7 3 1  * Max W S  .X 869.45 * 1575.95  * 1584.36  * x 

* U p p e r  FRS * 2 .7311  x * Lat S t r u c t  * x x * 
* U p p e r  FRS * 2.842 * Max WS * 1042.87 * 1575.95  * 1584.36  * * 
* U p p e r  FRS * 2.957 * Max WS * 1383.96 * 1575.95 * 1584.36  * * 
* U p p e r  FRS * 3.042 * Max WS * 1498.18 * 1575.95  * 1584.37  * * 
* U p p e r  FRS * 3.123 * Max WS * 1501.72 * 1575.95  * 1584.38  * * 
* U p p e r  FRS * 3 .1231  x * Lat S t r u c t  * * * * 
* U p p e r  FRS * 3.207 * Max WS x 1507.32 * 1575.95 * 1584.42  * * 
* U p p e r  FRS * 3 .235  * Max WS * 1472.55 * 1575.95 * 1584.33  * * 
* U p p e r  FRS * 3.257 x * C u l v e r t  * * * * 
* U p p e r  FRS * 3 .289  * Max WS * 2612.20 * 1575.95 * 1585.50 * x 

* U p p e r  FRS * 3 .376  * Max WS * 2470 .81  * 1575.95  * 1586.50  * * 
* U p p e r F R S  * 3 . 4 3 3  * Max WS * 2876.72 * 1575.95  * 1586.47  * * 
id;Dper FRS * 3  .4 97 * Max WS * 4548.49 * 1575.95  * 1586.47  * * 

,per FRS * 3 . 4 9 7 1  x * L a t  S t r u c t  * * * * 
pper FRS * 3 .566  * Max WS * 6379.64 * 1575.95  * 1586.50 * x 

* U p p e r  FRS * 3 .626  * Max WS * 6432.50 * 1575.95 * 1586.54  * * 
* U p p e r  FRS * 3 .708  * Max W S  * 6231.85 * 1575.95 * 1586.58  * * 
* U p p e r  FRS * 3 .7081  * * Lat S t r u c t  * * * * 
* U p p e r  FRS * 3.773 * Max W S  * 6071.53 * 1575.95 * 1586.64 * * 
* U p p e r  FRS * 3.804 * Max WS * 5995 .81  * 1575.95  * 1586.76  * * 
* U p p e r  FRS * 3.805 * Max WS x 5996.00 * 1575.95 * 1586.76 * x 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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Flood Control District of Maricopa County 
17000-FINAL - Red Mtn: CAP Overchute Hydrology - For Final Design 

Rainfall Data 

Page 1 8/1/2005 

Primary Zone Number: 7 Latitude: 0.0 Elevation: 0 

Short Duration Zone Number: 8 Longitude: 0.0 

Point Values (in) 

Duration 2-Yr 5-Yr 10-Yr 25-yr 50-yr 100-Yr ~ m - %  

5 MIN 

10 MIN 

15 MIN 

30 MIN 

1 HOUR 

2 HOUR 

3 HOUR 

6 HOUR 
12 HOUR 

24 HOUR 

Stanley Consultants (raindata) 



Final Drainage Report - Red Mountain Freeway (SR 202L) Power Road to University Drive 

APPENDIX C 

HEC-RAS UNSTEADY FLOW ANALYSES 

Spook Hill FRS Drawdown Time 



Stanley Consultants INC 
Pro~ect NO. 17 Page NO. \ 
Subject T ~ S + ~ L ~ A O L Q ( R  Tlvme &v 

Computed by Date @~VO< 
Checked by Date 0 5 
Approved by Date mL sheet NO. of ? 



n 

Stanley Consultants IN 

~arn~utsd by CJCf Date 

Checked by c 3 R  @ Approved by Sheet No. o f L  



Table 
Rating Table for Rectangular Orifice 

' Project Description 

Worksheet Principal Spillway Low Flow Outlet 

Type Rectangular Orifice 
Solve For Discharge 

Input Data 

Centroid Elevation 1,569.10 ft 
Tailwater Elevation 1,568.1 0 ft 

Discharge Coefficient 0.60 

Opening Width 2.00 ft 

opening Height 2.00 ft 

Attribute Minimum Maximum Increment 

Headwater Elevation (ft) 1,569.1 0 1,577.50 0.40 

Headwater Discharge Velocity I Ele;;? I S )  I (Ws) ( 

Project Engineer: Information Systems 
q:\ ... \I 1 -water res\cjoy\flowmaster\red mtn.fm2 Stanley Consultants, Inc FlowMaster v7.0 [7.0005] 
08/02/05 11:48:28 AM O Haestad Methods. Inc. 37 Brookside Road Waterbury, CT 06708 USA +I-203-755-1 666 Page 1 of 1 



Curve 
Plotted Curves for Rectangular Orifice 

Project Description 

Worksheet Principal Spillway Low Flow Outlet 

Type Rectangular Orifice 
Solve For Discharge 

- 

Input Data 

Centroid Elevation 1,569.10 f i  
Tailwater Elevation 1,568.10 ft 
Discharge Coefficient 0.60 
Opening Width 2.00 ft 

Opening Height 2.00 ft 

Attribute Minimum Maximum Increment 

Headwater Elevation (ft) 1,569.10 1,577.50 0.1 0 

1569.0 1570.0 1571 .O 1572.0 1573.0 1574.0 1575.0 1576.0 1577.0 1578.0 
Headwater Elevation 

(ft) 

q:\ ... \ I  1-water res\cjoy\flowmaster\red mtn.fm2 
08102105 ll:49:05 AM O Haestad Methods, Inc. 

Project Engineer: Information Systems 
Stanley Consultants, Inc FlowMaster v7.0 [7.0005] 

37 Brookside Road Waterbury, CT 06708 USA +I-203-755-1666 Page 1 of 1 



APPENDIX D 

CATCH BASIN DESIGN 

Main Line & Ramp Catch Basin Summary 
Eastbound Main Line Catch Basin Calculations 

Westbound Main Line Catch Basin Calculations 
McDowell Road Ramps C & D Catch Basin Calculations 
McKellips Road Ramps A-D Catch Basins Calculations 

Brown Road Ramps A-D Catch Basin Calculations 
University Drive Ramps A & B Catch Basin Calculations 

Median Inlet Calculations Summary 

AppendkD: Catch Basin Design 



APPENDIX D 

CATCH BASIN DESIGN 

Main Line & Ramp Catch Basin Summary 



Red Mountain Freeway - Power Rd. to University Dr. - Roadway Catch Basin Summary a 9  
Stanley Consultants LHC 

$g$ 
ADOT 

plan Area Area Area Area 
Ref. Alignment Station Offset Dir EP Elev Grate Elev SL,%, SX (ftlft) Unpaved Paved Unpaved Paved C 

A CA QblOyr QlOyr QbSOyr Q50yr 

No. Type (sf) (sf) (ac) (ac) (cfs) (cfs) (cfs) (cfs) 

Exst ML EB 
101 MLEB 
104 ML EB 
107 ML EB 
110 MLEB 
117 MLEB 
118 MLEB 
116 MLEB 
122 ML EB 
132 ML EB 
133 ML EB 
134 ML EB 
151 MLEB 
154 MLEB 
191 ML EB 
194 ML EB 
203 ML EB 
206 ML EB 
211 ML EB 
215 ML EB 
216 MLEB 
217 ML EB 
218 ML EB 
219 ML EB 
229 ML EB 
235 ML EB 
233 ML EB 
236 ML EB 
240 ML EB 
242 MLEB 
251 MLEB 
254 ML EB 
260 ML EB 
258 ML EB 
261 ML EB 
265 ML EB 
266 ML EB 
267 MLEB 
268 ML EB 
269 ML EB 
274 ML EB 

Stanley Consultants 
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G B  Red Mountain Freeway - Power Rd. to University Dr. - Roadway Catch Basin Summary stanleyConsuitants 

Plan Area Area Area Area 
Ref. Alignment Station Offset Dir Curb EP Elev Grate Elev S r  SX (We) Unpaved Paved Unpaved Paved C A CA QblOyr QlOyr QbSOyr QSOyr 
No. TY pe 

+ (so (so (ac) (ac) 
(cfs) (cfs) (cfs) (cfs) 

290 ML EB 1222+50.00 79.50 Rt B 1572.94 1572.69 0.2500% 0.0200 16717 37678 0.384 0.865 0.873 1.249 1.090 0.0 4.6 0.0 6.4 
295 ML EB 
300 ML EB 
299 ML EB 
301 MLEB 
305 ML EB 
309 ML EB 
313 MLEB 
320 ML EB 
321 MLEB 
322 ML EB 
336 ML EB 
343 ML EB 
345 ML EB 
348 ML EB 
351 ML EB 
387 MLEB 
368 ML EB 
375 ML EB 
376 ML EB 

100 ML WB 
102 MLWB 
113 MLWB 
114 MLWB 
119 MLWB 
121 ML WB 
c MLWB 

139 MLWB 
c MLWB 

141 MLWB 
150 ML WB 
152 ML WB 
156 ML WB 
158 ML WB 
159 ML WB 
162 MLWB 
163 MLWB 
165 ML WB 
c MLWB 

166 MLWB 
c MLWB 

Stanley Consultants 

79.50 Rt B 
79.50 Rt B 
79.50 Rt B 
79.50 Rt B 
79.50 Rt B 
79.50 Rt B 
79.50 Rt B 
105.65 Rt F 
95.87 Rt F 
91.50 Rt F 
91.50 Rt F 
91.50 Rt F 
91.50 Rt F 
91.50 Rt F 
91.5 Rt F 

97.63 Rt F 
67.5 Rt B 
67.5 Rt B 
67.5 Rt B 

4.00 Lt Bridge 
4.00 Lt Bridge 

79.50 Lt B 
79.50 Lt B 
79.50 Lt B 
79.50 Lt B 
105.81 Lt B 
102.05 Lt B 
98.78 Lt B 
96.01 Lt B 
91.50 Lt B 
91.50 Lt B 
91.50 Lt B 
91.50 Lt B 
91.50 Lt B 
91.50 Lt B 
91.50 Lt B 
91.86 Lt B 
93.02 Lt B 
94.37 Lt B 
95.88 Lt B 

0.2500% 0.0200 16574 33491 
0.1018% 0.0200 7960 14318 
0.0000% 0.0200 8066 18729 
0.1267% 0.0200 22755 15767 
0.4100% 0.0200 41735 33491 
0.4100% 0.0200 39136 35584 
0.4100% 0.0200 21987 47648 
0.9121% 0.0200 0 14884 
0.9884% 0.0200 0 13426 
1.0222% 0.0200 0 33134 
1.2000% 0.0200 0 89992 
0.5539% 0.0374 0 44331 
0.5539% 0.0500 0 44848 
1.0999% 0.0500 0 50993 
2.2162% 0.0500 0 52316 
2.9604% 0.0500 0 67658 
2.7250% 0.0331 25862 51769 
1.5890% -0.0101 52390 32961 
1.4856% -0.0026 5031 3003 

202L Mainline West Bound 
2.7493% 0.0500 0 115449 
0.2314% 0.0200 0 8099 
0.3522% 0.0200 24008 44820 
0.0000% 0.0200 11561 16987 
0.2838% 0.0200 14586 25398 
0.2838% 0.0200 11691 33575 
0.4160% 0.0200 3196 8094 
0.3780% 0.0200 3117 7828 
0.3190% 0.0200 3019 7602 
0.1726% 0.0200 8142 18877 
0.2500% 0.0200 16683 38774 
0.2500% 0.0200 13889 31038 
0.2500% 0.0240 21233 42883 
0.1000% 0.0240 14783 28471 
0.0000% 0.0240 10727 18980 
0.1000% 0.0240 7355 14236 
0.2500% 0.0240 10785 20977 
0.2092% 0.0240 2861 5845 
0.1996% 0.0240 2761 5726 
0.1900% 0.0240 2646 5612 
0.1828% 0.0240 2590 5703 

412512005 10:44 AM 
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Red Mountain Freeway - Power Rd. to University Dr. - Roadway Catch Basin Summary m 
Stanley Consultants K 

Pian Area Area Area Area 
Ref. Alignment Station Offset Dir EP Elev Grate Elev SL,%) SX(ftlft) Unpaved Paved Unpaved Paved C A CA QblOyr 'loyr Qb50yr QSOyr 
No. Type (s9 Is9 (ac) (ac) 

(cfs) (cfs) (cfs) (c~s)  

c ML WB 1135+05.00 97.59 Lt B - 0.1732% 0.0240 2596 5805 0.060 0.133 0.873 0.193 0.168 0.0 0.7 0.0 1.0 
168 MLWB 
c MLWB 
c MLWB 

169 ML WB 
177 MLWB 
183 MLWB 
185 MLWB 
189 MLWB 
192 ML WB 
201 ML WB 
205 ML WB 
209 ML WB 
221 MLWB 

c MLWB 
c MLWB 

223 ML WB 
c MLWB 
c MLWB 

224 MLWB 
c MLWB 
c MLWB 

225 ML WB 
c MLWB 

226 MLWB 
227 ML WE 
230 ML WB 
231 ML WB 
237 ML WB 
238 ML WE 
241 MLWB 
250 MLWB 
252 ML WB 
255 ML WB 
256 ML WB 
262 ML WE 
263 ML WB 
275 ML WB 

c MLWB 
276 ML WE 
c MLWB 
c MLWB 

Stanley Consultants 
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- Red ~ountain Freeway - Power Rd. to University Dr. - Roadway Catch Basin Summary Stanley ~ r u I t a n t s  
AOOT 

Plan Area Area Area Area 
Ref. Alignment Station Offset Dir EP Elev Grate Elev SL(%) Sx (ftlft) Unpaved Paved Unpaved Paved C A QblOyr QlOyr Qb5Oyr QSOyr 

No. Type (sf) (st) (ac) (ac) (cfs) (cfs) (cfs) (cfs) 

277 MLWB 1213+53.00 100.83 Lt B 1572.52 1572.27 0.1280% 0.0200 1540 4228 0.035 0.097 0.883 0.132 0.117 0.0 0.5 0.0 0.7 
c MLWB 1213+93.00 103.32 Lt B - 0.1220% 0.0200 1397 4001 0.032 0.092 0.885 0.124 0.110 0.0 0.5 0.0 0.7 
c MLWB 1214+30.00 105.74 Lt B - 0.1180% 0.0200 1370 3963 0.031 0.091 0.886 0.122 0.108 0.0 0.5 0.1 0.7 

280 MLWB 1216+34.00 79.50 Lt B 1573.61 1573.36 0.1660% 0.0200 2588 13823 0.059 0.317 0.911 0.377 0.343 0.0 1.4 0.0 2.0 
288 MLWB 1222+50.00 79.50 Lt B 1572.94 1572.69 0.2500% 0.0200 17161 37472 0.394 0.860 0.871 1.254 1.093 0.0 4.6 0.0 6.4 
294 MLWB 1226+50.00 79.50 Lt B 1571.94 1571.69 0.2500% 0.0200 24633 33309 0.565 0.765 0.844 1.330 1.122 0.0 4.7 0.0 6.6 
296 MLWB 1228+21.00 79.50 Lt B 1571.62 1571.37 0.1018% 0.0200 12067 14239 0.277 0.327 0.835 0.604 0.504 0.7 2.9 1.6 4.6 
297 ML WB 1229+21.21 79.50 Lt B 1571.56 1571.31 0.0000% 0.0200 16743 18736 0.384 0.430 0.832 0.814 0.678 0.3 3.2 1.5 5.5 
302 ML WB 1230+46.00 79.50 Lt B 1571.64 1571.39 0.1267% 0.0200 22921 16418 0.526 0.377 0.804 0.903 0.726 0.2 3.3 1.2 5.5 
304 ML WB 1234+00.00 79.50 Lt B 1572.70 1572.45 0.4100% 0.0200 16344 32175 0.375 0.739 0.866 1.114 0.964 0.9 5.0 2.5 8.1 
308 ML WB 1238+00.00 79.50 Lt B 1574.34 1574.09 0.4100% 0.0200 25003 33309 0.574 0.765 0.843 1.339 1.128 0.4 5.1 1.4 8.0 
311 MLWB 1242+00.00 79.50 ~t B 1575.98 1575.73 0.4100% 0.0200 27131 41647 0.623 0.956 0.851 1.579 1.344 0.1 5.7 0.5 8.4 
324 MLWB 1247+00.00 79.50 Lt B 1578.08 1577.83 0.5088% 0.0200 19575 51423 0.449 1.181 0.881 1.630 1.436 0.0 6.1 0.0 8.4 
335 ML WB 1255+66.00 109.50 Lt F 1585.45 1585.20 1.2960% 0.0200 0 17721 0.000 0.407 0.950 0.407 0.386 0.5 2.1 1.0 3.3 
337 ML WB 1257+25.00 101.88 Lt F 1587.51 1587.26 1.2920% 0.0200 0 13939 0.000 0.320 0.950 0.320 0.304 0.1 1.4 0.3 2.1 
338 ML WB 1258+58.00 96.47 Lt F 1589.20 1588.95 1.1568% 0.0200 0 11745 0.000 0.270 0.950 0.270 0.256 0.1 1.2 0.3 1.8 
339 MLWB 1259+75.00 92.98 Lt F 1590.58 1590.33 1.1192% 0.0200 0 36521 0.000 0.838 0.950 0.838 0.796 0.0 3.4 0.0 4.7 

352 MLWB 1286+51.00 4 Lt Bridge - 1586.76 2.5434% 0.0500 0 22287 0.000 0.512 0.950 0.512 0.486 0.0 2.1 0.0 2.8 

388 ML WB 1290+68.00 4 Lt Bridge - 1574.79 2.9564% 0.0500 0 41817 0.000 0.960 0.950 0.960 0.912 0.0 3.8 0.0 5.3 
377 ML WB 1307+31.00 79.5 Lt B 1527.74 1527.49 2.0896% 0.0200 34281 35687 0.787 0.819 0.828 1.606 1.329 0.0 5.6 0.0 7.8 

McDowell Road Ramp C 
389 McD RC 5+00.00 23.50 Lt F 1591.90 1591.65 4.1000% 0.0200 0 29665 0.000 0.681 0.950 0.681 0.647 0.0 2.7 0.0 3.8 
120 McD RC 8+90.00 13.90 Lt F 1577.26 1577.01 2.8780% 0.0200 3896 16991 0.089 0.390 0.903 0.479 0.433 0.3 2.2 0.7 3.2 
124 McD RC 11+80.00 5.50 Lt 6 1571.79 1571.54 1.0129% 0.0200 9296 10678 0.213 0.245 0.834 0.459 0.382 0.0 1.6 0.1 2.3 
125 McD RC 12+77.00 5.50 Lt B 1571.11 1570.86 0.3891% 0.0200 4415 2425 0.101 0.056 0.789 0.157 0.124 0.0 0.5 0.1 0.8 
126 McD RC 13+37.49 5.50 Lt B 1570.99 1570.74 0.0000% 0.0200 5530 8094 0.127 0.186 0.849 0.313 0.265 0.0 1.1 0.1 1.6 
135 McDRC 13+98.00 5.50 Lt B 1571.11 1570.86 0.3891% 0.0200 2313 6332 0.053 0.145 0.883 0.198 0.175 0.0 0.8 0.2 1.2 
c McD RC 14+50.00 5.50 Lt B - 0.4020% 0.0200 2967 7886 0.068 0.181 0.882 0.249 0.220 0.1 1.0 0.2 1.5 

137 McD RC 15+18.00 5.50 Lt B 1571.59 1571.34 0.4020% 0.0200 3291 8542 0.076 0.196 0.880 0.272 0.239 0.0 1.0 0.2 1.6 
McDowell Road Ramp D 

112 McD RD 4+20.00 11.50 Rt F 1592.58 1592.33 3.1704% 0.0176 0 18671 0.000 0.429 0.950 0.429 0.407 0.0 1.7 0.0 2.4 
123 McD RD 10+85.00 11.50 Lt C 1572.68 1572.54 1.1748% 0.0204 0 22804 0.000 0.524 0.950 0.524 0.497 0.0 2.1 0.0 3.0 
129 McD RD 12+82.00 11.50 Lt F 1570.63 1570.38 0.4511% 0.0200 0 6454 0.000 0.148 0.950 0.148 0.141 0.0 0.6 0.1 0.9 
130 McD RD 13+57.01 11.50 Rt F 1570.46 1570.21 0.0000% 0.0200 0 4946 0.000 0.114 0.950 0.114 0.108 0.2 0.6 0.5 1.1 
131 McDRD 14+33.00 11.50 Rt F 1570.63 1570.38 0.4088% 0.0200 0 5171 0.000 0.119 0.950 0.119 0.113 0.2 0.7 0.6 1.2 
128 McD RD 15+66.00 11.32 Rt F 1571.18 1570.93 0.4088% 0.0200 0 18281 0.000 0.420 0.950 0.420 0.399 0.2 1.8 0.4 2.7 

McKellips Road Ramp A 
c McK RA 7+25.00 8.66 Lt B - 0.2502% 0.0240 2609 6737 0.060 0.155 0.880 0.215 0.189 0.0 0.8 0.1 1.2 
c McK RA 7+83.00 9.81 Lt B - 0.2502% 0.0240 2545 6802 0.058 0.156 0.882 0.215 0.189 0.0 0.8 0.1 1.2 
c McK RA 8+40.00 10.95 Lt B - 0.2502% 0.0240 2456 5980 0.056 0.137 0.877 0.194 0.170 0.0 0.7 0.0 1.0 

176 McK RA 8+95.00 11.50 Lt B 1571.38 1571.13 0.2502% 0.0240 8922 6355 0.205 0.146 0.804 0.351 0.282 0.0 1.2 0.0 1.7 
181 McK RA 11+00.00 11.50 Lt B 1571.89 1571.64 0.2502% 0.0240 8261 6200 0.190 0.142 0.807 0.332 0.268 0.1 1.2 0.4 1.9 
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cei Red Mountain Freeway - Power Rd. to University Dr. - Roadway Catch Basin Summary stanleyConsultantsIK 

Plan Area Area Area Area 
Ref. Alignment Station Offset Dir EP Elev Grate Elev SL(%) Sx (Wft) Unpaved Paved Unpaved Paved C A CA QblOyr QlOyr QbSOyr Q50yr 

No. Type (SO (sf) (ac) (ac) 
(cfs) (cfs) (cfs) (cfs) 

329 Bm RC 13+09.02 5.50 Lt C 1581.28 1581.14 0.0000% 0.0200 5172 5463 0.119 0.125 0.828 0.244 0.202 0.0 0.9 0.0 1.2 
330 BmRC 14+18.00 5.50 Lt C 1581.58 1581.44 0.5385% 0.0200 2605 3409 0.060 0.078 0.842 0.138 0.116 0.0 0.5 0.1 0.8 
331 Bm RC 15+33.00 5.50 Lt C 1582.52 1582.38 1.1068% 0.0200 1566 9250 0.036 0.212 0.914 0.248 0.227 0.0 1.0 0.1 1.4 
332 Bm RC 16+08.00 5.50 Lt C 1583.41 1583.27 1.1908% 0.0200 1470 9569 0.034 0.220 0.917 0.253 0.232 0.0 1.0 0.1 1.4 
333 Brn RC 16+88.00 5.50 Lt C 1584.36 1584.22 1.1908% 0.0200 799 10439 0.018 0.240 0.932 0.258 0.241 0.0 1.0 0.0 1.4 

Brown Road Ramp D 
307 Brn RD 9+18.00 11.50 Rt F 1588.61 1588.36 1.6579% 0.0150 0 29094 0.000 0.668 0.950 0.668 0.635 0.0 2.7 0.0 3.7 
314 Brn RD 14+85.00 11.50 Lt C 1579.36 1579.22 1.3212% 0.0150 0 18579 0.000 0.427 0.950 0.427 0.405 0.0 1.7 0.2 2.6 
316 Brn RD 16+97.00 11.50 Rt F 1577.39 1577.14 0.4812% 0.0200 0 6945 0.000 0.159 0.950 0.159 0.151 0.2 0.8 0.6 1.4 
317 Brn RD 18+18.36 11.50 Rt F 1577.10 1576.85 0.0000% 0.0200 0 7955 0.000 0.183 0.950 0.183 0.173 0.0 0.8 0.2 1.2 
318 Brn RD 19+40.00 11.50 Rt F 1577.39 1577.14 0.4816% 0.0200 0 3925 0.000 0.090 0.950 0.090 0.086 0.3 0.6 0.5 1.0 
319 Brn RD 20+31.00 11.50 Rt F 1577.98 1577.73 0.7193% 0.0200 0 17121 0.000 0.393 0.950 0.393 0.373 0.2 1.8 0.6 2.7 

University Drive Ramp A 
366 Uni RA 12+48.00 11.50 Rt C 1551.37 1551.23 1.3858% 0.0100 0 14922 0.000 0.343 0.950 0.343 0.325 0.0 1.4 0.0 1.9 
369 Uni RA 14+40.00 11.50 Lt C 1549.42 1549.28 0.5183% 0.0200 8322 5951 0.191 0.137 0.804 0.328 0.264 0.0 1.1 0.0 1.5 
372 Uni RA 15+54.65 11.50 Lt C 1549.12 1548.98 0.0000% 0.0200 9207 7099 0.21 1 0.163 0.809 0.374 0.303 0.0 1.3 0.0 1.8 
373 Uni RA 16+69.00 11.50 Lt C 1549.42 1549.28 0.5163% 0.0200 6629 14340 0.152 0.329 0.871 0.481 0.419 0.0 1.8 0.0 2.5 

University Drive Ramp A 
357 Uni RB 8+51 .OO 5.50 Rt B 1555.37 1555.12 3.3897% 0.0500 9002 26822 0.207 0.616 0.887 0.822 0.730 0.7 3.8 1.6 5.9 
361 Uni RB 12+45.00 9.58 Rt B 1546.35 1546.10 1.3754% 0.0500 26132 10072 0.600 0.231 0.770 0.831 0.640 0.1 2.8 0.6 4.3 
362 UniRB 13+49.00 13.74 Rt B 1545.42 1545.17 0.7815% 0.0240 8227 3326 0.189 0.076 0.772 0.265 0.205 0.1 0.9 0.3 1.5 
363 Uni RB 14+27.00 29.37 Rt B 1544.11 1543.86 0.0000% 0.0045 0 3021 0.000 0.069 0.950 0.069 0.066 0.0 0.3 0.0 0.4 
390 Uni RB 16c25.00 23.50 Lt C 1544.38 1544.24 0.0000% 0.0450 0 13918 0.000 0.320 0.950 0.320 0.304 0.0 1.3 0.0 1.8 
374 Uni RB 17+00.00 23.50 Lt C 1544.93 1544.79 0.9654% 0.0450 0 21890 0.000 0.503 0.950 0.503 0.477 0.0 2.0 0.0 2.8 
379 UniRB 20+98.00 23.50 Rt C 1549.72 1549.58 0.9654% 0.0045 0 9417 0.000 0.216 0.950 0.216 0.205 0.0 0.9 0.0 1.2 
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APPENDIX D 

CATCH BASIN DESIGN 

Eastbound Main Line Catch Basin Calculations 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- R f l  

LOCAT I ON -flL jz 105Z t ~1 8 l?T fl 

Ver 3.40: December 1995 

TRACS NO. - 
DESIGNER - 
CHECKER - 

f7 5I-? 

,~'1>4 PAGE 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 2.950 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.050 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.050 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./Ft.--Sw = 0.037 

Gutter Depression-Inches-- = 1.998 
Manning's IN = 0.016 

Flow-CFS- -Q = 8.400 - @,\/c 
SPREAD-Ft . --T = 7.861 - 1$ - -b f l  

Average Velocity-V-fps = 5.944 

FLOW in Gutter-CFS--Q = 7.366 
% Flow in Gutter-CFS = 87.690 

Velocity of Flow in Gutter-fps = 6.514 
Depth at Curb Line-Inches--d = 4.014 

SLOTTED DRAIN- -ADOT STD. - -C13 .60 
GRATE TYPE: ADOT STD.--C15.92, 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 3.072 
Local Gutter Depression-Inches = 0.000f 

Length of opening: TOTAL Intercept--Ft. = 64.091 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D.1 Q(GRATE) Q (INT.) Q (By-Pass) % CAPT. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- R/YI 
HIGHWAY NAME - 
LOCAT ION - /Y )L  ~n ~ o b k u b  R T  
Ver 3.40: December 1995 

TRACS NO. - 
DESIGNER - 
CHECKER - 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 2.481 
Roadway Cross-Slope-Ft./~t.--Sx = 0.050 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-~t./~t.--SS = 0.050 

Gutter Width-Ft . --W = 4.500 
Gutter Slope-Ft./Ft.--Sw = 0.037 

Gutter Depression-Inches-- - - 1.998 
Manning's IN = 0.016 

Flow-CFS--Q = 9.500-~oyr 
SPREAD-Ft.--T = 8.434- 8'-v 

Average Velocity-V-ips = 5.769 

FLOW in Gutter-CFS--Q = 8.057 
% Flow in Gutter-CFS = 84.806 

Velocity of Flow in Gutter-fps = 6.395 
Depth at Curb Line-Inches--d = 4.359 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE : ADOT STD . - - C15.92 J'' 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 3.041 
Local Gutter Depression-Inches = 0.000 4 

Length of opening: TOTAL Intercept--Ft. = 63.701 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S .D. ) Q (GRATE) Q (INT. ) Q (BY-pass) % CAPT. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

I 09-09-2004 
PROJECT NAME- S/V1 TRACS NO. - 
HIGHWAY NAME- DESIGNER - R S @  
LOCATION - L R 1 0 7 8 4 2 ~  R T  CHECKER - A::-.\+*" PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G 
Roadway Cross-Slope-Ft./Ft.--Sx 

Shoulder Width-Ft.-- 
Shoulder Slope-Ft./Ft.--Ss 

Gutter Width-Ft.--W 
Gutter Slope-Ft./Ft.--Sw 

Gutter Depression-Inches-- 
Manning's IN 

Flow-CFS--Q = 3.900 - \ * y e  
SPREAD-Ft. --T = 10.812 - \ 0 ' ~ 6 ; r  

Average Velocity-V-fps = 2.908 

FLOW in Gutter-CFS--Q = 3.198 
% Flow in Gutter-CFS = 81.991 

Velocity of Flow in Gutter-fps = 3.392 
Depth at Curb Line-Inches--d = 3 -513 ' k " - - - r  

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.9- 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 2.016 
Local Gutter Depression-Inches = 0 . 0 0 0 ~  

Length of opening: TOTAL Intercept--Ft. = 36.280 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S.D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DWINAGE DESIGN SECTION 

PROJECT NAME - 
HIGHWAY NAME- - - - - - - . . - - - - . - - . - 

LOCATION - M L  Efi \005+Sa.  a t 
Ver 3.40: December 1995 

TRACS NO 
DESIGNER 
CHECKER 

SLOTTED DRAIN W/ GRATE- -ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = '2.485 
Roadway Cross-Slope-Ft./Ft..--Sx = 0.024 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.024 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.021 

Gutter Depression-Inches-- - - 0.630 
Manping's IN = 0.016 

Flow-CFS--Q = 6.000- 1 0 ~ ~  

SPREAD-Ft . --T = 10.675 - l 6 - c ~ ~  
Average velocity-V-fps = 4.418 

FLOW in Gutter-CFS--Q = 3.012 
% Flow in Gutter-CFS = 50.197 

Velocity .of Flow in Gutter-fps = 5.416 
Depth at Curb Line-Inches--d = 2.984 -3N--r-rt 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91 " 

Grate Length--Ft. = 3'. 354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 3.785 
Local Gutter Depression-Inches = 1.000' 

Length of opening: TOTAL Intercept--Ft. = 49.959 
Capture Ratio - -  SLOTTED DRAIN = 0 :670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S.D.) Q(GRATE) . Q(1NT.) Q(By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - - - - - - - - -  - - - - - - - - - -  - - - - - - -  
5.000 0.173 1.037 2.941 3.978 2.022 66.30 
10.000 0.331 1.986 2.557 4.543 1.457 75.72 
15.000 0.474 2.845 2.176 5.020 0.980 83.67- 
20.000 0.602 3.610 1.797 5.407 0.593 
25.000 0.713 4.280 1.418 5.698 0.302 
30.000 0.808 4.850 1.041 5.891 0.109 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

09-10-2004 
TRACS NO. - 

HIGHWAY NAME- DESIGNER - RSR 
LOCATION - r'O 1092t33 CHECKER - :,,*l-~ '8- PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 1.361 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- = 2.010 
Manning's 'N = 0.016 

Flow-CFS--Q = 5. 800+I0~r 
SPREAD-Ft. --T = 12.157 - 1 6 ' - ~ x  

Average Velocity-V-fps = 3.570 

FLOW in Gutter-CFS--Q = 3.256 
% Flow in Gutter-CFS = 56.137 

Velocity of Flow in Gutter-fps = 4.704 
Depth at Curb Line-Inches--d = 4 -328 -b"-&a 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 5.124 
Local Gutter Depression-Inches = 1 . 0 0 0 ~  

Length of opening: TOTAL Intercept--Ft. = 29.731 
Capture Ratio - -  SLOTTED DRAIN. = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D.) 
- - - - - -  - - - - - - - - - -  - - - - - - - 
5.000 0.282 1.636 
10.000 0.522 3.027 

0.717 4.161 
0.866 5.023 
0.963 5.588 

30.000 1.000 5.800 

Q (GRATE) Q (INT. ) Q (By-Pass) 
- - - -  - - - -  - - - - - - -  - - - - - - - - - -  
3.021 4.657 1.143 
2.325 5.352 0.448 
1.569 5.731 0.069 
0.777 5.800 0.000 
0.212 5.800 0.000 
0.000 5.800 0.000 

% CAPT. 
- - - - - - - 
80.30 
92.28- 
98.80 
100.00 
100.00 
100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- R M  TRACS NO. - 
HIGHWAY NAME- DESIGNER - 2 s ~  
LOCATION -,%.ED 1 0 4 Z + S 3  CHECKER - JfJr;.t"'c PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 1.361 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- = 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 9.000- soyt 
SPREAD-Ft. --T = 14.674 - ZZ's-- 

Average Velocity-V-fps = 3.913 

FLOW in Gutter-CFS--Q = 4 -281 
% Flow in Gutter-CFS = 47.567 

Velocity of Flow in Gutter-fps = 5.233 
Depth at Curb Line-Inches--d = 4.932 - . 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91 

Grate Length--Ft. = 3 -354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 5.766 
Local Gutter Depression-Inches = 1 . 0 0 0 ~  

Length of opening: TOTAL Intercept--Ft. = 38.523 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH 
- - - - - -  
5.000 
10.000 
15.000 
20.000 
25.000 
30.000 

Efficiency 
- - - - - - - - - -  
0.221 
0.418 
0.588 
0.732 
0.848 
0.934 

Q (GRATE) Q ( INT . ) Q (BY- pass) % CAPT . 
- - - - - - - -  - - - - - - -  - - - - - - - - - -  - - - - - - -  
4.114 6.107 2.893 67.86 
3.471 7.232 . 1.768 80.35- 
2.809 8.105 0.895 90.06 
2.109 8.700 0.300 
1.341 8.973 0.027 99. 
0.596 9.000 0.000 

96 -a 
100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

0 9 - 1 0 - 2 0 0 4  
PROJECT NAME- a l l  Tmcs No. - 
HIGHWAY NAME- DESIGNER - k<SR 
LOCATION - f l ~ C &  IO ' iS tdY  CHECKER - ir,q-vf PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.328 
Roadway Cross-Slope-Ft./~t.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./~t.--Sw = 0.067 

Gutter Depression-Inches-- = 2.010 
Manning's 'N = 0.016 

Flow-CFS--Q = 4 . 1 0 0 - ~ ~ ~ ~  
SPREAD-Ft . --T = 14.219 - ib'""x 

Average velocity-V-fps = 1.890 

FLOW in Gutter-CFS--Q = 2.007 
% Flow in Gutter-CFS = 48.947 

Velocity of Flow in Gutter-fps = 2.523 ,, 
Depth at Curb Line-Inches--d = 4.823-6 --.r 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91* 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 5.651 
Local Gutter Depression-Inches = 1 . 0 0 0 ~  

Length of opening: TOTAL Intercept--Ft. = 17.842 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D.) Q(GRATE) Q(1NT.) Q(By-Pass) %CAPT. 
- - - - - - - - - - - - - - - -  - - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - -  



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- R,fi 
HIGHWAY NAME- 
LOCATION - fiL E b 1 0 9 5 3 6 ~ )  
Ver 3.40: December 1995 

TRACS NO. - 
DESIGNER - 
CHECKER - PAGE 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.328 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- - - 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 6.800 -c*y,c 
SPREAD-Ft.--T = 17.526'22 

Average Velocity-V-fps = 2.113 

FLOW in Gutter-CFS--Q = 2.738 
% Flow in Gutter-CFS = 40.268 

Velocity of Flow in Gutter-fps = 2.850 
Depth at Curb Line-Inches--d = 5 -616 -. . 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 6.481 
Local Gutter Depression-Inches = 1.000 ' 

Length of opening: TOTAL Intercept--Ft. = 24.012 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S .D. ) Q (GRATE) Q(1NT. ) Q (By-Pass) % CAPT. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

04-18-2005 
@PROJECT NAME- RM Tmcs No. - 

HIGHWAY NAME- DESIGNER - 656 
LOCATION - W E 8  ' 1096 r 6 3 .@75 CHECKER - PAGE 
Ver 3.40:  December 1995 

SLOTTED DRAIN W/ GRATE--IN SUMP 

GUTTER FLOW HYDRAULICS 

GUTTER DESCRIPTION 

Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 
Shoulder Width-Ft.-- = 10 .000  

Shoulder Slope-Ft./Ft.--Ss = 0.020 
Gutter Width-Ft.--W = 2 .500  

Gutter Slope-Ft./Ft.--Sw = 0.067 
Gutter Depression-Inches-- = 2 .000  

GRATE TYPE: ADOT STD.--C15.91 
Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2 .000  

Grate Area--Sq. Ft. = 5 . 1 7 1  
Effective Perimeter--Ft. = 7 .354  

Capture Ratio - -  GRATE = 0.500 
Capture Ratio - -  SLOTTED DRAIN = 0.500 

Local Gutter Depression-Inches = 1 . 0 0 0 ~  

LENGTH Q(S1ot. Dn) 
- - - - - -  - - - - - - - - - -  

5.000 1 .275  
10 .000  1 .797  
15.000 2 .052 
20.000 2 .184 

Q (Grate) d (inches) SPREAD, Ft . 
- - - - - - - - - - - - - - - - -  - - - - - - - - - -  

1 .225  3 .397  8 . 3 2 1  I 
0 .704  2 .482 4.507- \6*..0r 
0.447 1 .903 2.378 
0 .314 1 . 4 9 8  1 .872  



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME - TRACS NO. - 
HIGHWAY NAME- DESIGNER - 956 04-18-200b 
LOCATION - M L E ~  lo46 t 63.3 5 CHECKER - N D ~  PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--IN SUMP 

GUTTER FLOW HYDRAULICS 

GUTTER DESCRIPTION 

Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 
Shoulder Width-Ft.-- = 10.000 

0.020 Shoulder Slope-Ft./Ft.--Ss = 
Gutter Width-Ft.--W = 2.500 

Gutter Slope-Ft./Ft.--Sw = 0.067 
Gutter Depression-Inches-- - - 2.000 

GRATE TYPE: ADOT STD.--C15.91 
Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Effective Perimeter--Ft. = 7.354 

Capture Ratio - -  GRATE = 0.500 
Capture Ratio - -  SLOTTED DRAIN = 0.500 

Local Gutter Depression-Inches = 1.000 

LENGTH Q(S1ot. Dn) Q (Grate). d (inches) SPREAD, Ft . 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

@PROJECT NAME- Rlv) 
HIGHWAY NAME- 
LOCATION - ML Ei3 l097t 6 4 
Ver 3.40: December 1995 

TRACS NO 
DESIGNER 
CHECKER 

\? SQ 
$Qv' PAGE 

SLOTTED DRAIN W/ GRATE- -ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.284 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft . --W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- = 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 4.500.loyt 
SPREAD-Ft.--T = 15.242-\b'-ay 

Average Velocity-V-fps = 1.822 

FLOW in Gutter-CFS--Q = 2.067 
% Flow in Gutter-CFS = 45.937 

Velocity of Flow in Gutter-fps = 2.442 
Depth at Curb Line-Inches--d = 5.068 - 6 '?-ex 

SLOTTED DRAIN--ADOT STD.--Cl3.60 
GRATE TYPE: ADOT STD.--C15.91- 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 5.909 . 
Local Gutter Depression-Inches = 1.000 ' 

Length of opening: TOTAL Intercept--Ft. = 18.266 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S .D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- 
HIGHWAY NAME - 
LOCATION - 1097t69 
Ver 3.40: December 1995 

TRACS NO 
DESIGNER 
CHECKER 

&?5 R 
A f D V -  PAGE 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.284 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./~t.--SW = 0.067 

Gutter Depression-Inches-- - - 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 6.600 -50) 
SPREAD-Ft. --T = 17.833 - 2 2  I*'.* 

Average Velocity-V-fps = 1.984 

FLOW in Gutter-CFS--Q = 2.614 
% Flow in Gutter-CFS = 39.601 

Velocity of Flow in Gutter-fps = 2.678 
Depth at Curb Line-Inches--d = 5.690 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91C- 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 6.557 
Local Gutter Depression-Inches = 1.000 J 

Length of opening: TOTAL Intercept--Ft. = 22.859 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S .D. ) Q (GRATE) Q (INT. ) Q (~y-pass) % CAPT. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- \?/Y) - - ~- -~ 

HIGHWAY NAME- 
- - - -. 

LOCATION - ML EB 1 

TRACS NO 
DESIGNER 
CHECKER 

. .- - 

HL&- PAGE 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.284 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- = 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 4.500 - \ * Y r  
SPREAD-Ft . --T = 15.242 .- 16 '**% 

Average Velocity-V-fps = 1.822 

FLOW in Gutter-CFS--Q = 2.067 
% Flow in Gutter-CFS = 45.937 

Velocity of Flow in Gutter-fps = 2.442 
Depth at Curb Line-Inches--d = 5.068 -- b''*a% 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91- 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 5.909 
Local Gutter Depression-Inches = 1.000 

Length of opening: TOTAL Intercept--Ft. = 18.266 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S .Dm ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - - - - - - - - -  - - - - - - - - - -  - - - - - - -  
5.000 0.438 1.970 1.868 3.838 0.662 85.28 
10.000 0.760 3 -420 1.010 4.430 0.070 98.44- 

@;;: ::: 0.955 4.297 0.203 4.500 0.000 100.00 
1.000 4.500 0.000 4.500 0.000 100.00 

25.000 1.000 4.500 0.000 4.500 0.000 100.00 
30.000 1.000 4.500 0.000 4.500 0.000 100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

09-10-2OOL 
PROJECT NAME- Rfl TRACS NO. - 
HIGHWAY NAME- 

Ver 3.40: December 19 

- - -- - 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.284 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- - - 2.010 
Manning's IN = 0.016 

Flow-CFS- -Q = 6.200 - 5 * y +  
SPREAD-Ft. --T = 17.387 - Z . Z ' - ~ S  

Average Velocity-V-fps = 1.956 

FLOW in Gutter-CFS--Q = 2.516 
8 Flow in Gutter-CFS = 40.577 

Velocity of Flow in Gutter-fps = 2.638 
Depth at Curb Line-Inches--d = 5.583 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91* 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft . = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 6.446 
Local Gutter Depression-Inches- = 1.000~ 

Length of opening: TOTAL Intercept--Ft. = 22.041 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH 
- - - - - -  
5.000 
10.000 
15.000 
20.000 
25.000 
30.000 

Efficiency Q(S.D.) Q(GRATE) Q(1NT.) Q(By-Pass) % CAPT. 
- - - - - - -  - - - - - - - -  - - - - - - -  - - - - - - - - - -  - - - - - - -  
2.298 2.455 4.753 1.447 76.66 
4.112 1.644 5.756 0.444 92.84- 
5.405 0.776 6.181 0.019 99.70 
6.114 0.086 6.200 0.000 
6.200. 0,000 6.200 0.000 100. 
6.200 0.000 6.200 0.000 loo 100.00 .a 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

09-24-2004 
PROJECT NAME- RM TRACS NO. - 
HIGHWAY NAME- DESIGNER - i?SR 
LOCATION - ER \\07 4 Bd R T  CHECKER - ,*>$ PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.444 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./~t.--Sw = 0.037 

Gutter Depression-Inches-- = 1.998 
Manning's IN = 0.016 

Flow-CFS--Q = 1.500 , 
SPREAD-Ft . --T = 8-309 - I h - k r  

Average Velocity-V-fps = 1.739 

FLOW in Gutter-CFS--Q = 1.378 
% Flow in Gutter-CFS = 91 -874 

Velocity of Flow in Gutter-fps = 1.921 
Depth at Curb Line-Inches--d = 2.912 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.92 

Grate Length--Ft . = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 0.738 
Local Gutter Depression-Inches = O.OOOR 

Length of opening: TOTAL Intercept--Ft. = 18.478 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S .D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

09-24-2004 
PROJECT NAME- \?fl TRACS NO. - 
HIGHWAY NAME- DESIGNER - PSR 
LOCATION - / E l 3  \\omeB PT CHECKER - PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G 
Roadway Cross-Slope-Ft./Ft.--Sx 

Shoulder Width-Ft.-- 
Shoulder Slope-Ft./Ft.--Ss 

Gutter Width-Ft.--W 
Gutter Slope-Ft./Ft.--Sw 

Gutter Depression-Inches-- 
Manning's IN 

Flow-CFS--Q = 2.200-SOW 
SPREAD-Ft . --T = 10.015 ,\b',rv 

Average Velocity-V-fps = 1.872 

FLOW in Gutter-CFS--Q = 1.874 
% Flow in Gutter-CFS = 85.180 

Velocity of Flow in Gutter-fps = 2.152 
Depth at Curb Line-Inches--d = 3.321 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.92 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft . = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 0.957 
Local Gutter Depression-Inches = 0.000 

Length of opening: TOTAL Intercept--Ft. = 22.130 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S.D.) Q(GRATE) Q (INT.) Q (By-Pass) % CAPT. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

09-24-2004 
PROJECT NAME- W TRACS NO. - 

@,IGmA, NAME- DESIGNER - Kse 
LOCATION - f i ~  E l 3  IloY+37 47  CHECKER - @ : ~ . i  PAGE 
Ver 3.40: ~ecember 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.328 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./Ft.--Sw = 0.037 

Gutter Depression-Inches-- = 1.998 
Manning's IN = 0.016 

Flow-CFS--Q = 1.100-\Q~ C 

SPREAD-Ft.--T = 7.653 . lo'-&* 
Average Velocity-V-fps = 1.452 

FLOW in Gutter-CFS--Q = 1.037 
% Flow in Gutter-CFS = 94.244 

Velocity of Flow i n  Gutter-fps = 1.575 
Depth at Curb Line-Inches--d = 2.755 - 4''-.-&p 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.92 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 1.291 
Local Gutter Depression-Inches = 0.000 

Length of opening: TOTAL Intercept--Ft. = 14.721 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D.) 
- - - - - -  - - - - - - - - - -  - - - - - - -  
5.000 0.526 0.579 
10.000 0.871 0.958 

1; 000 1.100 &;%!;! 1.000 1.100 
1.000 1.100 

30.000 1.000 1.100 

Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 
- - - - - -  - -  - - - - - - -  - - - - - - - - - -  - - - - - - -  
0.462 1.041 0.059 94.63- 
0.142 1.100 0.000 99.98 
0.000 1.100 0.000 100.00 
0.000 1.100 0.000 100.00 
0.000 1.100 0.000 100.00 
0.000 1.100 0.000 100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- R f l  - - - - ~ -  - - -. .- 

HIGHWAY NAME- 
LOCATION -_ML €13 I \ o q t 3 7  l7T - 
Ver 3.40: December 1995 

TRACS NO. - 
DESIGNER - 
CHECKER - 

R S R  
i!,:f-] J 

0 9 - 2 4 - 2 0 0 b  

PAGE 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.328 
Roadway cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 4 -500 
Gutter Slope-Ft./Ft.--Sw = 0.037 

Gutter Depression-Inches-- - - 1.998 
Manning's 'N = 0.016 

Flow-CFS--Q = 1.500 - 3 o r r  
SPREAD-Ft . --T = 8 . 956 r 

Average Velocity-V-fps = 1.540 

FLOW in Gutter-CFS--Q = 1.341 
% Flow in Gutter-CFS = 89.380 

Velocity of Flow in Gutter-fps = 1.728 
Depth at Curb Line-Inches--d = 3.067 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.92 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 1.291 
Local Gutter Depression-Inches = 0.000 

Length of opening: TOTAL Intercept--Ft. = 17.004 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D.) 
- - - - - -  - - - - - - - - - -  - - - - - - -  
5.000 0.466 0.699 

10.000 0.797 1.196 
15.000 0.979 1.468 
20.000 1.000 1.500 
25.000 1.000 1.500 
30.000 1.000 1.500 

Q (GRATE) 
- - - - - - - -  
0.662 
0.292 
0.032 
0.000 
0.000 
0.000 

Q(1NT.) Q(By-Pass) % CAPT. 
- - - - - - -  - - - - - - - - - -  - - - - - - -  
1.361 0.139 9 0 . 7 3 6 -  
1.488 0.012 99.23 
1.500 0.000 100.00 
1.500 0.000 
1.500 0.000 
1.500 0.000 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

09-24-2004 
PROJECT NAME- RI/I TRACS NO. - 
HIGHWAY NAME- DESIGNER - P ~ R  
LOCATION - N L  & B  lrlo+S7 KT CHECKER - PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G 
Roadway Cross-Slope-Ft./Ft.--SX 

Shoulder Width-Ft.-- 
Shoulder Slope-Ft./Ft.--SS 

Gutter Width-Ft.--W 
Gutter Slope-Ft./~t.--SW 

Gutter Depression-Inches-- 
Manning's IN 

Flow-CFS--Q = 1.500 - l o v r  

SPREAD-Ft. --T = 10.881 - \$ 
Average Velocity-V-fps = 1.106 

FLOW in Gutter-CFS--Q = 1.225 
% Flow in Gutter-CFS = 81.687 

Velocity of Flow in Gutter-fps = 1.291 ,, 
Depth at Curb Line-Inches--d = 3.530-[ a-r 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.92 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 0.000 
Local Gutter Depression-Inches = 0 . 0 0 0 ~  

Length of opening: TOTAL Intercept--Ft. = 13.585 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S.D.) Q(GRATE) Q (INT. ) Q (By-Pass) % CAPT. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- Rf i  TRACS NO. - 
HIGHWAY NAME - DESIGNER - \753 
LOCATION - En \1)3 4 57 R Y  CHECKER - hlvk PAGE 
Vex 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.144 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./Ft.--Sw = 0.037 

Gutter Depression-Inches-- - - 1.998 
Manning's 'N = 0.016 

Flow-CFS--Q = 2.000.-S0:lr 
SPREAD-Ft . --T = 12.379 - 2 ~ / ' - b r  

Average Velocity-V-fps = 1.173 

FLOW in Gutter-CFS--Q = 1.519 
% Flow in Gutter-CFS = 75.944 

Velocity of Flow in Gutter-fps = 1.401 
Depth at Curb Line-Inches--d = 3.889 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.92 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 1.484 
Local Gutter Depression-Inches = 0. 0OO1 

Length of opening: TOTAL Intercept--Ft. = 15.601 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH ' Efficiency Q(S.D.) Q(GRATE) Q(1NT.) Q(By-Pass) % CAPT. 
- - - - - - - - - -  - - - - - - -  - - - - - - - - - - - - - - -  - - - - - - - - - -  - - - - - - -  
0.501 1.002 0.790 1.792 0.208 89.60 
0.842 1.684 0.296 . 1.979 0.021 98.97t 
0.997 1.994 0.006 2.000 0.000 100.00 
1.000 2.000 0.000 2.000 0.000 
1.000 2.000 0.000 2.000 0.000 
1.000 2.000 0.000 2.000 0.000 

Z:@ 
100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

I PROJECT NAME- RM 
HIGHWAY NAME- 
LOCATION - 4 ~ ~ s  \ l l b t 2 5  12+ 
Ver 3.40: December 1995 

TRACS NO. - 
DESIGNER - 
CHECKER - 

R5R 
,: t; vc PAGE 

I SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.250 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 12.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./Ft.--Sw = 0.037 

Gutter Depression-Inches-- - - 1.998 
Manning's IN = 0.016 

Flow-CFS--Q = 3.600 - 1 0 7 ~  

SPREAD-Ft . --T = 14.165 - I f $ ' - - ~ f i  

Average Velocity-V-fps = 1.652 

FLOW in Gutter-CFS--Q = 2.507 
% Flow in Gutter-CFS = 69.635 

Velocity of Flow in Gutter-fps = 2.014 
Depth at Curb Line-Inches--d = 4 -318 . a " h h ,  

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.92' 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 2.091 
Local Gutter Depression-Inches = 0.000 ' 

Length of opening: TOTAL Intercept--Ft. = 24.036 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S .D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - -  - - - - - - - - - -  - - - - - - -  
5.000 0.343 1.234 1.479 2.714 0.886 75.38 
10.000 0.620 2.233 1.000 3.233 0.367 89.80- 

0.828 2.981 0.534 3.515 0.085 97.65 
0.960 3.455 0.145 3.600 0.000 99.99 
1.000 3.600 0.000 3.600 0.000 100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- R& TRACS NO. - 
HIGHWAY NAME- DESIGNER - $ 5 ~  

LOCATION - M L  f n \ \ \L+2S P f  CHECKER - j,jrjsqp. PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.250 
Roadway Cross-Slope-Ft./~t.--Sx = 0.020 

Shoulder Width-Ft.-- = 12.000 
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./Ft.--Sw = 0.037 

Gutter Depression-Inches-- - - 1.998 
Manning's IN = 0.016 

Flow-CFS--Q = 5 -000 -507 t 
SPREAD-Ft. --T = 16.256 zq'--&r 

Average Velocity-V-fps = 1.776 

FLOW in Gutter-CFS--Q = 3.157 
% Flow in Gutter-CFS = 63.142 

Velocity of Flow in Gutter-fps = 2i204 
Depth at Curb Line-Inches--d = 4.820 

SLOTTED DRAIN--ADOT STD.--C13.60 
,GRATE TYPE: ADOT STD.--C15.92/ 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

. Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity- -FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 1.370 
Local Gutter Depression-Inches = 0.000 , 

Length of opening: TOTAL Intercept--Ft. = 28.183 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S . D . ) Q (GRATE) Q (INT . ) Q (By- pass) % CAPT . 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - - - - - - - - -  - - - - - - - - - -  - - - - - - -  
5.000 0.296 1.482 1.933 3.415 1.585 68.29 

10.000 0.546 2.728 1.439 4.167 0.833 83.33+ 
15.000 ' 0.745 3.726 0.948 4.675 0.325 93.49 
20.000 0.892 4.460 0.475 4.936 0.064 
25.000 0.980 . 4.901 0.099 5.000 0.000 



ARIZONA DEPAFtTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

04-18-2005 
PROJECT NAME- RN\ TRACS NO. - 
HIGHWAY NAME- DESIGNER - u5R 
LOCAT I ON - A L E 6  1114+%) KT CHECKER - ND\/ PAGE 
Ver 3 .40 :  December 1995  

SLOTTED DRAIN W/ GRATE--IN SUMP 

GUTTER FLOW HYDRAULICS 

GUTTER DESCRIPTION 

Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 
Shoulder Width-Ft.-- = 12 .000  

Shoulder Slope-Ft./Ft.--Ss = 0.020 
Gutter Width-Ft.--W = 4.500 

Gutter Slope-Ft./Ft.--Sw = 0.037 
Gutter Depression-Inches-- = 1.998 

GRATE TYPE: ADOT STD.--C15.92 
Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2 .000  

Grate Area--Sq. Ft. = 5 .590  
Effective Perimeter--Ft. = 7 .350  

Capture Ratio - -  GRATE = 0.500 
Capture Ratio - -  SLOTTED DRAIN = 0.500 

Local Gutter Depression-Inches = 0.000' 

LENGTH Q(S1ot. Dn) Q (Grate) d (inches) SPREAD, Ft . 
- - - - - -  - - - - - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - - - - -  

5.000 1 .595  2 .905 5 .569 19 .379  
10.000 2 .558  1 .942 4 .405  14 .530  @lg'* 
15 .000  3 .030  1 .470  3 .763 11 .856  
20.000 3 .334  1 .165  3 .312 9 .973 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

04-18-2005 
TRACS NO. - 

Ver 3.40: ~ecember 1995 

SLOTTED DRAIN W/ GRATE--IN SUMP 

GUTTER FLOW HYDRAULICS 

GUTTER DESCRIPTION 

Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 
Shoulder Width-Ft.-- = 12.000 

Shoulder Slope-Ft./Ft.--Ss = 0.020 
Gutter Width-Ft.--W = 4.500 

Gutter Slope-Ft./Ft.--Sw = 0.037 
Gutter Depression-Inches-- = 1.998 

GRATE TYPE: ADOT STD.--C15.92 
Grate Length--Ft . = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Effective Perimeter--Ft. = 7.350 

Capture Ratio - -  GRATE = 0.500 
Capture Ratio - -  SLOTTED DRAIN = 0.500 

Local Gutter Depression-Inches = 0.000 / 

LENGTH Q(S1ot. Dn) Q (Grate) d (inches) SPREAD,Ft. 
- - - - - -  - - - - - - - - - -  - - - - - - - - - - - - - - - - -  - - - - - - - - - -  
5.000 1.849 4.750 7.485 27.363 
10.000 3.309 3.290 5.996 21.160 C - 2 Y 1 * ~  
15.000 4.352 2.247 4.791 16.138 
20.000 4.797 1.802 4.220 13.760 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- KM 
HIGHWAY NAME- 
LOCATION - 3 6 ~ ~ .  1151 41. 27' 
Ver 3.40: December 1995 

TRACS NO 
DESIGNER 
CHECKER 

175 i?( 

h l~v  PAGE 

SLOTTED DRAIN W/ GRATE--IN SUMP 

GUTTER FLOW HYDRAULICS 

GUTTER DESCRIPTION 

Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 
Shoulder Width-Ft.-- = 10.000 

Shoulder Slope-Ft./Ft.--Ss = 0.020 
Gutter Width-Ft.--W = 2.500 

Gutter Slope-Ft./Ft.--Sw = 0.067 
Gutter Depression-Inches-- - - 2.010 

GRATE TYPE: ADOT STD.--C15.91 
Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft . = 5.171 
Effective Perimeter--Ft. = 7.354 

Capture Ratio - -  GRATE = 0.500 
Capture Ratio - -  SLOTTED DRAIN = 0.500 

Local Gutter Depression-Inches = 1.000 

LENGTH Q(S1ot. Dn) Q (Grate) d (inches) SPREAD, Ft . 
- - - - - -  - - - - - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - - - - -  
5.000 1.732 2.868 5.571 17.336 
10.000 3.007 1.592 3.950 10.585 -16' 

15.000 3.523 1.077 3.161 7.297 
20.000 3.824 0.776 2.628 5.076 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- R a  TRACS NO. - 
HIGHWAY NAME- DESIGNER - R 5 <  
LOCATION - Ei3 uZL r{Sl t l b  I Z T  CHECKER - ~ n \ f  PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--IN SUMP 

GUTTER FLOW HYDRAULICS 

GUTTER DESCRIPTION 

Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 
Shoulder Width-Ft.-- = 10.000 

Shoulder Slope-Ft./Ft.--Ss = 0.020 
Gutter Width-Ft . - -W = 2.500 

Gutter Slope-Ft./Ft.--Sw = 0.067 
Gutter Depression-Inches-- - - 2.010 

GRATE TYPE: ADOT STD.--C15.91 
Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Effective Perimeter--Ft. = 7.354 

Capture Ratio - -  GRATE = 0.500 
Capture Ratio - -  SLOTTED DRAIN = 0.500 

Local Gutter Depression-Inches = 1.000 

LENGTH Q(S1ot. Dn) Q (Grate) d (inches) SPREAD, Ft . 
- - - - - -  - - - - - - - - - -  - - - - - - - -  - - - - - - - - -  - - - - - - - - - -  
5.000 1.942 4.458 7.260 24.374 

10.000 3.480 2.919 5.630 17.583 t - 2 2 ' ~ h u  
15.000 4.625 1.774 4.206 11.648 
20.000 5.157 1.243 3 -429 8.412 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- RH 
H I G H W A Y  NAME- 

LOCATION - AL r\SS.t~o 
Ver 3.40: Decher 1995 

R 7  

TRACS NO. - 
DESIGNER - 
CHECKER - 

lis R 
A.h2 v-- PAGE 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.250 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- = 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 3 .800-'@7' 
SPREAD-Ft. --T = 14.582-"'"~~ 

Average Velocity-V-fps = 1.672 

FLOW in Gutter-CFS--Q = 1.818 
% Flow in Gutter-CFS = 47.842 

Velocity of Flow in Gutter-fps = 2 -235 
Depth at Curb Line-Inches--d = 4.910 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91, 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 5.743 
Local Gutter Depression-Inches = 1.000 / 

Length of opening: TOTAL Intercept--Ft. = 16.091 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S.D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - e m  - - - - - - -  
5.000 0.488 1.855 1.553 3.408 0.392 89.70 
10.000 0.826 3.139 0.653 3.792 0.008 99.79 
15.000 0.992 3.770 0.030 3.800 0.000 100.00- 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

10-06-2004 
PROJECT NAME- RM TRACS NO. - 
HIGHWAY NAME- DESIGNER - ncfi 
LOCATION - /r)L \iSS+ob P'T CHECKER - )J:~.,J" PAGE 
Ver 3.40: ~ecember 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G 
Roadway cross-slope-~t./~t.--Sx 

Shoulder Width-Ft.-- 
Shoulder Slope-Ft./~t.--Ss 

Gutter Width-Ft.--W 
Gutter Slope-Ft./~t.--Sw 

Gutter Depression-Inches-- 
Manning's IN 

Flow-CFS--Q = 5.300 -s@yC 
SPREAD-Ft.--T = 16.734-22Xu~ 

Average Velocity-V- fps = 1.798 

FLOW in Gutter-CFS--Q = 2.230 
% Flow in Gutter-CFS = 42.082 

Velocity of Flow in Gutter-fps = 2.421 
Depth at Curb Line-Inches--d = 5.426 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91 4 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 6.284 
Local Gutter Depression-Inches = 1.000=- 

Length of opening: TOTAL Intercept--Ft. = 19.565 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D.) Q(GRATE) Q(1NT.) Q(By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - -  - - - - - - - - - -  - - - - - - -  
5.000 0.412 2.184 2.120 4.304 0.996 81.20 
10.000 0.724 3.838 1.267 5.105 0.195 96.32 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

10-06-2004 1 @ PROJECT NAME- nfi TRACS NO. - 
HIGHWAY NAME- DESIGNER - RSR 
LOCATION -hL be \ \ b \ 4 7 5  R +  CHECKER - , & ~ t f '  PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.250 
Roadway Cross-Slope-Ft./~t.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./~t.--Sw = 0.067 

Gutter Depression-Inches-- = 2.010 
Manning's IN = 0.016 

Flow-CFS- -Q = 4 .600-*t 
SPREAD-Ft. --T = 15.788- 16'-x 

Average Velocity-V-fps = 1.743 

FLOW in Gutter-CFS--Q = 2.045 
% Flow in Gutter-CFS = 44.453 

Velocity of Flow in Gutter-fps = 2.340 
Depth at Curb Line-Inches--d = 5.199 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91 r 

Grate Length--Ft. = 3.354 
Grate Width---Ft . = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

, Depth at INLET Curb Line-Inches--d = 6.047 
Local Gutter Depression-Inches = 1.000 6 

Length of opening: TOTAL Intercept--Ft. = 18.005 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S.D. ) Q (GRATE) Q(INT. ) Q(By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - -  
5.000 0.443 2.039 1.868 3.907 0.693 84.94 
10.000 0.768 3.531 0.995 4.526 0.074 98.38- 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- Rfi  
HIGHWAY NAME- 

~- 

LOCATION - f i L C %  \1bl*76 
Ver 3.40: December 1995 

TRACS NO 
DESIGNER 
CHECKER 

10-06-2004 

Asr? 
A,{F> .J PAGE 

SLOTTED DRAIN w/, GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.250 
Roadway Cross-Slope-Ft./~t.--Sx = 0.020 

Shoulder Width-Ft . - - = 10.000 
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./~t.--Sw = 0.067 

Gutter Depression-Inches-- - - 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 6.500- $2~ 
SPREAD-Ft . --T = 18.181 - 2 %  

Average Velocity-V-fps = 1.883 

FLOW in Gutter-CFS--Q = 2.527 
% Flow in Gutter-CFS = 38.869 

Velocity of Flow in Gutter-fps = 2 -543 
Depth at Curb Line-Inches--d = 5.773 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT S T D . - - C ~ ~ . ~ ~ Y  

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 6.643 
Local Gutter Depression-Inches = 1.000 ' 

Length of opening: TOTAL Intercept--Ft; = 22.040 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D.) Q(GRATE) Q(1NT.) Q(By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - -  - - - - - - - - - -  - - - - - - - 
5.000 0.371 2.409 2.511 4.921 1.. 579 75.71 
10 .OOO 0.663 4.311 1.679 5.989 0.511 92.15- 
15.000 0.872 5.667 0.806 6.472 0.028 99.58 
20.000 0.986 6.410 0.090 6.500 0.000 

loo "'Y 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- ~ f i  TRACS NO. - 
HIGHWAY NAME- DESIGNER - 
LOCATION  LEI^ 1 \ 6 5 * S Q  R-t- CHECKER - 
Ver 3.40: December 1995 

'25 R 
$4/' ;2r f' PAGE . 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.250 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- - - 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 4.300-10~~ 
SPREAD-Ft . - -T = 15.353 - 1 b - h -  

Average Velocity-V-fps = 1.717 

FLOW in Gutter-CFS--Q = 1.962 
% Flow in Gutter-CFS = 45.623 

Velocity of Flow in Gutter-fps = 2.303 
Depth at Curb Line-Inches--d = 5.095 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91 ' 

Grate Length--Ft. = 3 -354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft . = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 5.938 
Local Gutter Depression-Inches = 1.000 

Length of opening: TOTAL Intercept--Ft. = 17.306 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - - - - - - - - - -  - - - - - - -  - - - - - - - - - -  - - - - - - A  

5.000 0.459 1.972 1.754 3.727 0.573 86.66- 
10.000 0.788 3.389 0.870 4.259 0.041 99.06 
15.000 0.973 4.186 0.114 4.300 0.000 100.00 . .  



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

10-07-2004 
PROJECT NAME- RM TRACS NO. - 
HIGHWAY NAME- DESIGNER - 
LOCATION - ML E f l  \\Lt 4 50 2 t CHECKER - , c z . . r  .$;LC PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.250 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./~t.--Sw = 0.067 

Gutter Depression-Inches-- - - 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 6.300-Sqt 
SPREAD-F~.--T = 17.953-2-zf-x 

Average Velocity-V-fps = 1.869 

FLOW in Gutter-CFS--Q = 2.479 
% Flow in Gutter-CFS = 39.346 

Velocity of Flow in Gutter-fps = 2.524 
Depth at Curb Line-Inches--d = 5.719 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91H 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 6.587 
Local Gutter Depression-Inches = 1.000/ 

Length of opening: TOTAL Intercept--Ft. = 21.643 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S.D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - -  - - - - - - - - - -  - - - - - - -  
5.000 0.377 2 -374 2.449 4.823 1.477 76.5- 
10.000 0.672 4.236 1.601 5.837 0.463 92.65 
15.000 0.881 5.548 0.735 6.283 0.017 g g 7 4 ... . . 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

10-07-2004 
PROJECT NAME- RN TRACS NO. - 
HIGHWAY NAME- DESIGNER - \ZSR 
LOCATION - f l L  EQi )I68227 RC CHECKER - fi 4. g; 3.) PAGE 
Ver 3.40: ~ecember 1995 

SLOTTED DRAIN W/ GRATE--ON GIUlDE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.250 
Roadway Cross-slope-~t./~t.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./~t.--Sw = 0.067 

Gutter Depression-Inches-- = 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 3.100-"?' 
SPREAD-Ft. --T = 13 -377-Ib ""' 

Average Velocity-V-fps = 1.601 

FLOW in Gutter-CFS--Q = 1.602 
% Flow in Gutter-CFS = 51.690 

Velocity of Flow in Gutter-fps = 2.127 
Depth at Curb Line-Inches--d = 4.620 

SLOTTED DRAIN--ADOT STD.--Cl3.60 
GRATE TYPE: ADOT STD.--C15.9l4 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 5.437 
Local Gutter Depression-Inches = 1 . 0 0 0 ~  

Length of opening: TOTAL Intercept--Ft. = 14.270 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S.D. ) Q (GRATE) Q(1NT.) Q(By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - - 
5.000 0.540 1.674 1.244 2.918 0.182 94.12 

10.000 0.886 2.747 0.353 3.100 0.000 100.00 
15.000 1.000 3.100 0.000 3.100 0.000 100.004-- 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- R/rr 
HIGHWAY NAME- 
LOCATION - FB If b8sZ7 R x  
Ver 3.40: December 1995 

TRACS NO. - 
DESIGNER - 
CHECKER - 

- 7 s  

A,::;? g.. PAGE 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.250 
Roadway Cross-Slope-Ft./~t.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./~t.--SS = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- - - 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 5.000-5:~' 
SPREAD-Ft. --T = 16.339 -l'L"hr 

Average Velocity-V-fps = 1.775 

FLOW in Gutter-CFS--Q = 2.152 
% Flow in Gutter-CFS = 43.043 

Velocity of Flow in Gutter-fps = 2.388 
Depth at Curb Line-Inches--d = 5.331 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91, 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 6.185 
Local Gutter Depression-Inches = 1 . 0 0 0 ~  

Length of opening: TOTAL Intercept--Ft. = 18.908 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S. D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - -  . . - - - - - -  - - - - - - - - - -  - - - - - - -  
5.000 0.425 2.123 2.014 4.138 0.862 82.75 

10.000 0.742 3.710 1.153 4.863 0.137 97.26 
15.000 0.941 4.707 0.293 5.000 0.000 100.006-- 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- R/v, 
HIGHWAY NAME- 

-- 

LOCATION - f l L  E f i  1170-t ( 5  11t 
Ver 3.40: December 1995 

TRACS NO 
DESIGNER 
CHECKER 

)7 5 f i  
dbcr PAGE 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.096 
Roadway Cross-Slope-Ft./~t.--Sx = 0.020 

shoulder width-Ft.-- = 10.000 
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./Ft.--Sw = 0.037 

Gutter Depression-Inches-- = 1.998 
Manning's 'N = 0.016 

Flow-CFS--Q = 0.700 - 1 0 ) "  
SPREAD-Ft . - -T = 8.322-IO-$ 

Average Velocity-V-fps = 0.809 

FLOW in Gutter-CFS--Q = 0.643 
% Flow in Gutter-CFS = 91.824 

Velocity of Flow in Gutter-fps = 0.894 
Depth at Curb Line-Inches--d = 2.915 

GRATE TYPE : ADOT STD. - -C15.92 -' 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Capture Ratio - -  GRATE = 0.500 

Effective Perimeter--Ft. = 7.350 
Splash-Over Velocity--FPS = 7.350 

Local Gutter Depression-Inches = 0.000'- 

Flow-CFS--Q = 0.700 
GUTTER FLOW at INLET-CFS--Q = 0.643 
Gutter Velocity at INLET-fps = 0.894 

Depth at INLET Curb Line-Inches--d = 2.915 

Frontal Flow Intercepted by GRATE--CFS = 0.418 
Lateral Flow Intercepted by GRATE--CFS = 0.178 
TOTAL Flow Intercepted by GRATE--CFS = 0.596 

% FLOW Intercepted = 85.172 
By-pass Flow--CFS = 0.104 +-- 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- Rr / l  TRACS NO. - 
HIGHWAY NAME- DESIGNER - A517 

- LOCATION 60 \ I- I~-t 15 ' 1  n +  CHECKER - EJyV PAGE 
Ver 3.40: December 1995 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 
Roadway cross-slope-Ft./Ft.--Sx = 

- Shoulder Width-Ft.-- - 
Shoulder Slope-Ft./~t.--Ss = 

Gutter Width-Ft.--W = 
Gutter Slope-Ft./Ft.--Sw = 

Gutter Depression-Inches-- - - .  

Manning's IN = 

Flow-CFS--Q = 
SPREAD-Ft . --T = 

Average Velocity-V-fps = 

FLOW in Gutter-CFS--Q = 
% Flow in Gutter-CFS = 

Velocity of Flow in Gutter-fps = 
Depth at Curb Line-Inches--d = 

GRATE TYPE: ADOT STD.--C15.92 ' 
Grate Length--Ft. = 
Grate Width---Ft. = 

Grate Area--Sq. Ft. = 
Capture Ratio - -  GRATE = 

Effective Perimeter--Ft. = 
Splash-Over Velocity--FPS = 

Local Gutter Depression-Inches = 

Flow-CFS--Q = 
GUTTER FLOW at INLET-CFS--Q = 
Gutter Velocity at INLET-fps = 

Depth at INLET Curb Line-Inches--d = 

Frontal Flow Intercepted by GRATE--CFS = 
Lateral Flow Intercepted by GRATE--CFS = 
TOTAL Flow Intercepted by GRATE--CFS = 

% FLOW Intercepted = 
By-pass Flow--CFS = 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

10-26-2004 
PROJECT NAME- R//) TMCS NO. - 
HIGHWAY NAME- DESIGNER - p s ~  
LOCATION - f l L t i j  1170t70 R-t CHECKER - /:<. r YV PAGE . , 
Ver 3.40: December 1995 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDWULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.110 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./Ft.--Sw = 0.037 

Gutter Depression-Inches-- = 1.998 
Manning's IN = 0.016 

Flow-CFS--Q = 0.600 -IOYV 

SPREAD-Ft.--T = 7.415 - ld--o-s  

Average Velocity-V-fps = 0.831 

FLOW in Gutter-CFS--Q = 0.570 
% Flow in Gutter-CFS = 95.041 

Velocity of Flow in Gutter-fps = 0.895 
Depth at Curb Line-Inches--d = 2.698 

GRATE TYPE: ADOT STD.--C15.92 - 
Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Capture Ratio - -  GRATE = 0.500 

Effective Perimeter--Ft. = 7.350 
Splash-Over Velocity--FPS = 7 -350 

Local Gutter Depression-Inches = 0.000 -- 

Flow-CFS--Q = 0.600 
GUTTER FLOW at INLET-CFS--Q = 0.570 
Gutter Velocity at INLET-fps = 0.895 

Depth at INLET Curb Line-Inches--d = 2.698 

Frontal Flow Intercepted by GRATE--CFS = 0.384 
Lateral Flow Intercepted by GRATE--CFS = 0.138 
TOTAL Flow Intercepted by GRATE--CFS = 0.522 

% FLOW Intercepted = 87.020 
By-pass Flow--CFS = 0.078- 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

10-26-2004 
PROJECT NAME- A N  TRACS NO. - 
HIGHWAY NAME - 
LOCATION - ML ca I r :  
Ver 3.40: December 19 

DESIGNER - ps~? 
70t73 t%t CHECKER - ,d!rs.: " ,  - - PAGE 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.110 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./Ft.--Sw = 0.037 

Gutter Depression-Inches-- = 1.998 
Manning's IN = 0.016 

Flow-CFS--Q = 1.000- 
SPREAD-~t.--T = 9.590-lowa# 

Average Velocity-V-fps = 0.916 

FLOW in Gutter-CFS--Q = 0.869 
% Flow in Gutter-CFS = 86.860 

Velocity of Flow in Gutter-fps = 1.043 
Depth at Curb Line-Inches--d = 3.219 

GRATE TYPE: ADOT STD.--C15.92/ 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Capture Ratio - -  GRATE = 0.500 

Effective Perimeter--Ft. = 7.350 
Splash-Over Velocity--FPS = 7.350 

Local Gutter Depression-Inches = 0.000- 

Flow-CFS--Q = 1.000 
GUTTER FLOW at INLET-CFS--Q = 0.869 
Gutter Velocity at INLET-fps = 1.043 

Depth at INLET Curb Line-Inches--d = 3.219 

Frontal Flow Intercepted by GRATE--CFS = 0.542 
Lateral Flow Intercepted by GRATE--CFS = 0.254 
TOTAL Flow Intercepted by GRATE--CFS = 0.796 

% FLOW Intercepted = 79.585 
By-pass Flow--CFS = 0.204 A--- 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

10-26-2004 
PROJECT NAME- R /rl TRACS NO. - 
HIGHWAY NAME- DESIGNER - j75R 
LOCATION - L l L  E b  ll7l-t 28 fi + CHECKER - p - 2 s " '  L. PAGE 
Ver 3.40: December 1995 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.124 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./Ft.--Sw = 0.037 

Gutter Depression-Inches-- = 1.998 
Manning's IN = 0.016 

Flow-CFS--Q = 0.600' I O Y ~  
SPREAD-Ft . - -T = 7.180 - ~ d - h @ ~  

Average Velocity-V-fps = 0.872 

FLOW in Gutter-CFS--Q = 0.575 
% Flow in Gutter-CFS = 95.793 

Velocity of Flow in Gutter-fps = 0.933 
Depth at Curb Line-Inches--d = 2.641 

GRATE TYPE: ADOT STD.--C15.92' 

Grate Length--Ft. = 3.350 
Grate Width---Ft, = 2.000 

Grate Area--Sq. Ft. = 5.590 
Capture Ratio - -  GRATE = 0.500 

Effective Perimeter--Ft. = 7.350 
Splash-Over Velocity--FPS = 7.350 

Local Gutter Depression-Inches = 0.000' 

Flow-CFS--Q = 0.600 
GUTTER FLOW at INLET-CFS--Q = 0.575 
Gutter Velocity at INLET-fps = 0.933 

Depth at INLET Curb Line-Inches--d = 2.641 

Frontal Flow Intercepted by GRATE--CFS = 0.391 
Lateral Flow Intercepted by GRATE--CFS = 0.130 
TOTAL Flow Intercepted by GRATE--CFS = 0.521 

% FLOW Intercepted = 86.898 
By-pass Flow--CFS = 0.079- 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- RM TRACS NO. - 
HIGHWAY NAME- DESIGNER - RS 
LOCATION - M L l %  1131328 & +  CHECKER - ,(,'.I=::/' PAGE 
Ver 3.40: December 1995 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.124 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.. 020 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./~t.--Sw = 0.037 

Gutter Depression-Inches-- - - 1.998 
Manning's IN = 0.016 

FLOW-CFS--Q = 1.000' 5 ? y r  

SPREAD-Ft.--T = 9.318- 10-Ox 

Average Velocity-V-fps = 0.961 

FLOW in Gutter-CFS--Q = 0.879 
% Flow in Gutter-CFS = 87.947 

Velocity of Flow in Gutter-fps = 1.088 
Depth at Curb Line-Inches--d = 3.154 

GRATE TYPE: ADOT STD.--C15.92 --- 
Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Capture Ratio - -  GRATE = 0.500 

Effective Perimeter--Ft. = 7.350 
Splash-Over Velocity--FPS = 7.350 

Local Gutter Depression-Inches = 0.0001 

Flow-CFS--Q = 1.000 
GUTTER FLOW at INLET-CFS--Q = 0.879 
Gutter Velocity at INLET-fps = 1.088 

Depth at INLET Curb Line-Inches--d = 3.154 

Frontal Flow Intercepted by GRATE--CFS = 0.553 
Lateral Flow Intercepted by GRATE--CFS = 0.240 
TOTAL Flow Intercepted by GRATE--CFS = 0.794 

% FLOW Intercepted = 79.353 
By-pass Flow--CFS = 0.2064-- 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DWINAGE DESIGN SECTION 

PROJECT NAME- R/Y, TRACS NO. - 

Ver 3 -40: ~ecember-fig! 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.186 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./Ft.--Sw = 0.037 

Gutter Depression-Inches-- = 1.998 
Manning's IN = 0.016 

Flow-CFS--Q 
SPREAD-Ft . --T 

Average Velocity-V-fps 

FLOW in Gutter-CFS--Q 
% Flow in Gutter-CFS 

Velocity of Flow in Gutter-fps 
Depth at Curb Line-Inches--d 

GRATE TYPE: ADOT STD.--C15.92 ' 

Grate Length--Ft. 
Grate Width---Ft. 

Grate Area--Sq. Ft. 
Capture Ratio - -  GRATE 

Effective Perimeter--Ft. 
Splash-Over Velocity--FPS 

Local Gutter Depression-Inches 

Flow-CFS--Q 
GUTTER FLOW at INLET-CFS--Q 
Gutter Velocity at INLET-fps 

Depth at INLET Curb Line-Inches--d 

Frontal Flow Intercepted by GRATE--CFS 
Lateral Flow Intercepted by GRATE--CFS 
TOTAL Flow Intercepted by GRATE--CFS 

% FLOW Intercepted 
By-pass Flow--CFS 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- R f l  TRACS NO. - 
HIGHWAY NAME- DESIGNER - 
LOCAT I ON -JIL €8 1132.+)0 R +  CHECKER - .,,, '. ;( PAGE 
Ver 3.40: December 1995 

W 

I 

~ GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G 
Roadway Cross-Slope-Ft./Ft.--Sx 

Shoulder Width-Ft.-- 
Shoulder Slope-Ft./Ft.--Ss 

Gutter Width-Ft.--W 
Gutter Slope-Ft./Ft.--Sw 

Gutter Depression-Inches-- 
Manning's IN 

Flow-CFS--Q = 1.300-SOY" 
SPREAD-Ft.--T = 9.588 - I ~ * - X  

Average Velocity-V-fps = 1.191 

FLOW in Gutter-CFS--Q = 1.129 
% Flow in Gutter-CFS = 86.864 

Velocity of Flow in Gutter-fps = 1.356 
Depth at Curb Line-Inches--d = 3.219 

GRATE TYPE: ADOT STD.--C15.92/ 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Capture Ratio - -  GRATE = 0.500 

Effective Perimeter--Ft. = 7.350 
Splash-Over Velocity--FPS = 7.350 

Local Gutter Depression-Inches = O.OOO/ 

Flow-CFS--Q = 1.300 
GUTTER FLOW at INLET-CFS--Q = 1.129 
Gutter Velocity at INLET-fps = 1.356 

Depth at INLET Curb Line-Inches--d = 3.219 

Frontal Flow Intercepted by GRATE--CFS = 0.705 
Lateral Flow Intercepted by GRATE--CFS = 0.260 
TOTAL Flow Intercepted by GRATE--CFS = 0.965 

% FLOW Intercepted = 74 -204, 
By-pass Flow--CFS = 0.335- 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

10-26-2004 1 PROJECT NAME- 3fi TRACS NO. - 
;HWAY NAME- DESIGNER - 3517 

LOCATION - f l L  E 0  11734~o R t  CHECKER - #b'j2 \fir'- PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.250 
Roadway Cross-Slope-Ft./~t.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./Ft.--Sw = 0.037 

Gutter Depression-Inches-- - - 1.998 
Manning's IN = 0.016 

Flow-CFS--Q = 1.000 - I * ' /F  
SPREaD-Ft.--T = 7.818- Id-v 

Average Velocity-V-fps = 1.277 

FLOW in Gutter-CFS--Q = 0.937 
% Flow in Gutter-CFS = 93.667 

Velocity of Flow in Gutter-fps = 1.391 
Depth at Curb Line-Inches--d = 2.794 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.92 / 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 1.114 
Local Gutter Depression-Inches = 0.000 - 

Length of opening: TOTAL Intercept--Ft. = 13.054 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D.) Q(GRATE) Q(1NT.) Q(By-Pass) % CAPT. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- fia 
HIGHWAY NAME- 
LOCATION - A L & R  1\73fuO fit 
Ver 3.40: December 1995 

TRACS NO 
DESIGNER 
CHECKER 

10-26-2004 

RsR 
AJ Lj  vd- PAGE 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.250 
Roadway Cross-Slope-Ft./~t.--SX = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft . --W = 4.500 
Gutter Slope-Ft./Ft.--Sw = 0.037 

Gutter Depression-Inches-- - - 1.998 
Manning's IN = 0.016 

Flow-CFS--Q = 1.500' 5?vP 
SPREAD-Ft.--T = 9.567 ' ' ' - * A  

Average Veloci ty-V- fps = 1.380 

FLOW in Gutter-CFS--Q = 1.304 
% Flow in Gutter-CFS = 86.952 

Velocity of Flow in Gutter-fps = 1.570 
Depth at Curb Line-Inches--d = 3.214 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.92 - 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 1.060 
Local Gutter Depression-Inches = 0.000 w-- 

Length of opening: TOTAL Intercept--Ft. = 15.781 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D.) Q(GRATE) Q(1NT.) Q(By-Pass) % CAPT. 



(23 
ARIZONA DEPARTMENT OF TRANSPORTATION \?!y 

DRAINAGE DESIGN SECTION 

10-26-2004 
PROJECT NAME- IL\/q TRACS NO.- 

DESIGNER - i44/7 
LOCATION - A L  SO 1r?%-t60 R +  CHECKER - ,.&?v- PAGE 
Ver 3.40: ~ecember 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDWULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.250 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./Ft.--Sw = 0.037 

Gutter Depression-Inches-- = 1.998 
Manning's IN = 0.016 

Flow-CFS--Q = 5. ~ O O - ~ ~ Y P  
SPREAD-Ft . --T = 16.390- t$n*F 

Average Velocity-V-fps = 1.784 

FLOW in Gutter-CFS--Q = 3.201 
% Flow in Gutter-CFS = 62.759 

Velocity of Flow in Gutter-fps = 2 -215 
Depth at Curb Line-Inches--d = 4.852 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.92j 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 2.091 
Local Gutter Depression-Inches = 0.0OO-C 

Length of opening: TOTAL Intercept--Ft. = 28.454 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH ~fficiency Q(s.D.) Q(GRATE) Q(1NT.) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - a - - - - - - - - - -  - - - - - - -  



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- A/') 
HIGHWAY NAME- 
LOCATION - ~ ~ 6 8  1 1 3 8 3 6 0  & *  
Ver 3.40: December 1995 

TRACS NO 
DESIGNER 
CHECKER 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.250 
Roadway Cross-Slope-Ft./~t.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./~t.--Sw = 0.037 

Gutter Depression-Inches-- - - 1.998 
Manning's 'N = 0.016 

Flow-CFS--Q = 7.100 - goy r 
SPREAD-Ft. --T = 18.762 -z 'r ' - \x 

Average Velocity-V-fps = 1.923 

FLOW in Gutter-CFS--Q = 4.015 
% Flow in Gutter-CFS = 56.551 

Velocity of Flow in Gutter-fps = 2.421 
Depth at Curb Line-Inches--d = 5.421 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.92' 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 1.254 
Local Gutter Depression-Inches = 0.000 

Length of opening: TOTAL Intercept--Ft. = 33.390 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S .D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - -  



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- RM 
HIGHWAY NAME- 
LOCATION - nr. E 8  \rBoi75 R+ 
Ver 3.40: December 1995 

TRACS NO 
DESIGNER 
CHECKER 

8 c R  
1 ' _  . .I PAGE 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.125 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./~t.--Sw = 0.037 

Gutter Depression-Inches-- = 1.998 
Manning's IN = 0.016 

Flow-CFS--Q = 2.800 - ) b , y p  
SPREAD-Ft. --T = 14.748 - 1B-t-p 

Average Velocity-V-fps = 1.193 

FLOW in Gutter-CFS--Q = 1.896 
% Flow in Gutter-CFS = 67.728 

Velocity of Flow in Gutter-fps = 1.462 
Depth at Curb Line-Inches--d = 4.458 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.92 

Grate Length- -Ft . = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 1.526 
Local Gutter Depression-Inches = 0.000 9 

Length of opening: TOTAL Intercept--Ft. = 17.676 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S.D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - - 
5.000 0.450 1.261 1.106 2.367 0.433 84.52- 
10.000 0.777 2.176 0.539 2.715 0.085 96.97 
15.000 0.967 2.706 0.094 2.800 0.000 100.00. - 
20.000 1.000 2.800 0.000 2.800 0.000 100.00 
25.000 1.000 2.800 0.000 2.800 0.000 100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

10-26-2004 
PROJECT NAME- I?,/'? TRACS NO. - 
HIGHWAY NAME- DESIGNER - l i (~e  
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SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.125 
Roadway Cross-Slope-Ft./~t.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./~t.--Sw = 0.037 

Gutter Depression-Inches-- = 1.998 
Manning's IN = 0.016 

Flow-CFS--Q = 4.400- 5 3 Y 0  
SPREAD-Ft. --T = 17.784 - z . . ~ ~ ' - o r  

Average Velocity-V-fps = 1.319 

FLOW in Gutter-CFS--Q = 2.595 
% Flow in Gutter-CFS = 58.981 

Velocity of Flow in Gutter-fps = 1.653 
Depth at Curb Line-Inches--d = 5.186 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.92 J 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 1.324 
Local Gutter Depression-Inches = 0.000- 

Length of opening: TOTAL Intercept--Ft. = 22.000 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S .D. ) Q(GRATE) Q (INT. ) Q (By-Pass) % CAPT. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

04-18-2005 
PROJECT NAME- RM TRACS NO. - 

DESIGNER - p,5& 
LOCATION - M L E B  I ~ ~ Z ~ L J O  e+ CHECKER - u b d  PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--IN SUMP 

GUTTER FLOW HYDRAULICS 

GUTTER DESCRIPTION 

Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 
Shoulder Width-Ft.-- = 10.000 

Shoulder Slope-Ft./Ft.--Ss = 0.020 
Gutter Width-Ft.--W = 4.500 

Gutter Slope-Ft./Ft.--Sw = 0.037 
Gutter Depression-Inches-- = 1.998 

GRATE TYPE: ADOT STD.--C15.92 
Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Effective Perimeter--Ft. = 7.350 

Capture Ratio - -  GRATE = 0.500 
Capture Ratio - -  SLOTTED DRAIN = 0.500 

Local Gutter Depression-Inches = 0.000 

LENGTH Q(S1ot. Dn) Q (Grate) d (inches) SPREAD, Ft . 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- j?.M TRACS NO. - 
HIGHWAY NAME- DESIGNER - dc;17 04-18-2005. - - -- .,-. 
LOCATION - MLEB 1ISZtOo K f  CHECKER - PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--IN SUMP 

GUTTER FLOW HYDRAULICS 

GUTTER DESCRIPTION 

Roadway Cross-Slope-Ft./~t.--Sx = 0.020 
Shoulder Width-Ft.-- = 10.000 

Shoulder Slope-Ft./Ft.--Ss = 0.020 
Gutter Width-Ft.--W = 4.500 

Gutter Slope-Ft./Ft.--Sw = 0.037 
Gutter Depression-Inches-- - - 1.998 

GRATE TYPE: ADOT STD.--C15.92 
Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Effective Perimeter--Ft. = 7.350 

Capture Ratio - -  GRATE = 0.500 
Capture Ratio - -  SLOTTED DRAIN = 0.500 

Local Gutter Depression-Inches = 0.000 

LENGTH Q(S1ot. Dn) Q (Grate) d (inches) SPREAD, Ft . 
- - - - - -  - - - - - - - - - -  - - - - - - - -  - - - - - - - - -  - - - - - - - - - -  
5.000 1.712 3.687 6.420 22.925 

10.000 3.011 2.389 4.964 16.858 
15.000 3.598 1.802 4.220 13,759 
20.000 3.962 1.437 3.715 11.655 
25.000 4.218 1.182 3.338 10.083 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

10-11-2004 
PROJECT NAME- Rn TRACS NO. - 

DESIGNER - ~ s R  
LOCAT ION - P L  ~n \ 1 % 3 t ' t f  CHECKER - k:~r PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.125 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 12.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./Ft.--Sw = 0.037 

Gutter Depression-Inches-- = 1.998 
Manning's IN = 0.016 

Flow-CFS--Q = 3 -000 - r o y r  
SPREAD-Ft. --T = 15.182 - \8'--*.-r 

Average Velocity-V-fps = 1.211 

FLOW in Gutter-CFS--Q = 1.991 
% Flow in Gutter-CFS = 66.358 

Velocity of Flow in Gutter-fps = 1.490 
Depth at Curb Line-Inches--d = 4.562 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.92 ( 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 1.681 
Local Gutter Depression-Inches = 0.000 

Length of opening: TOTAL Intercept--Ft. = 18.277 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S . D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - - 
5.000 0.437 1.312 1.184 2.497 0.503 83 -22- 
10.000 0.760 2.279 0.608 2.887 0.113 96.25 

0.955 2.864 0.135 2.999 0.001 99.97 
1.000 3.000 0.000 3.000 0 . 000 100.00 
2.000 3.000 0.000 3.000 0.000 100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- RM TRACS NO. - 
I HIGHWAY NAME- DESIGNER - R s R  
I 
I LOCATION 
I - M L  €3 1r%3 t~ 5 R t  CHECKER - 3 ,rn,,P" PAGE 

" 

I Ver 3.40: December 1995 

1 SLOTTED DRAIN W/ GIIATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G 
Roadway cross-slope-~t./~t.--SX 

Shoulder Width-Ft.-- 
Shoulder Slope-Ft./~t.--Ss 

Gutter Width-Ft . --W 
Gutter Slope-Ft./~t.--Sw 

Gutter Depression-Inches-- 
Manning's 'N 

Flow-CFS- -Q = 4. 600-5oYr 
SPREAD-Ft.--T = 18.108-2~1'*.x 

Average Velocity-V-fps = 1.333 

FLOW in Gutter-CFS--Q = 2.675 
% Flow in Gutter-CFS = 58.155 

Velocity of Flow in Gutter-fps = 1.673 
Depth at Curb Line-Inches--d = 5.264 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.92/ 

Grate Length--Ft. = 3.350 - Grate Width---Ft. - 2.000 
Grate Area--Sq. Ft. = 5.590 

Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 1.523 
Local Gutter Depression-Inches = 0.000) 

Length of opening: TOTAL Intercept--Ft. = 22.478 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S .D. ) Q (GRATE) Q (INT.) Q (BY-pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - - - - - - - - - - - -  - - - - - - -  
5.000 0.364 1.675 1.754 3.430 1.170 74.56- 

10.000 0.653 3.005 1.135 4.141 0.459 90.01 
15.000 0.862 3.966 0.547 4.512 0.088 98.09 
20.000 0.981 4.513 0.087 4.600 0.000 
25.000 1.000 4.600 0.000 4.600 0.000 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

1u-11-LUU4 
TRACS NO. - b PROJECT NAME- R M  

CHrGHwAY NAME- . % DESIGNER - \ ~ s R  
LOCATION - Nc?L El3 \\06+ 00 \X + CHECKER - &)hvp PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.250 
Roadway Cross-Slope-Ft./~t.--Sx = 0.020 

Shoulder Width-Ft.-- = 12.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft. / ~ t .  --Sw = 0.037 

Gutter Depression-Inches-- = 1.998 
Manning's 'N = 0.016 

Flow-CFS- -Q = 4.000 - @ y r  
SPREAD-Ft. --T = 14.811 - I % ' - - - *  

Average Velocity-V-fps = 1.691 

FLOW in Gutter-CFS--Q = 2.701 
% Flow in Gutter-CFS = 67.527 

Velocity of Flow in Gutter-fps = 2.074 
Depth at Curb Line-Inches--d = 4.473 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.92' 

Grate Length--Ft. = 3 -350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 1.185 
Local Gutter Depression-Inches = O.OOO( 

Length of opening: TOTAL Intercept--Ft. = 25.295 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D. ) Q(GRATE) Q(INT. ) Q(By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
5 .OOO 0.327 1.309 1.615 2.925 1 . 0 -7 73.11 
10 .OOO 0.596 2.383 1.131 3.513 0.4d7 87.84 - 
15.000 0.802 3.207 0.655 3.862 0 . i ; ~  96.56 
20.000 0.940 3.760 0.234 3.994 3 .  ' I  ' f  99.86 
25.000 1.000 3.999 0.001 4.000 ( I  , i 100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

10-11-2004 
PROJECT NAME- ~ f l  TRACS NO. - 
HIGHWAY NAME- DESIGNER - 35.R 
LOCATION - l v l ~  €6 \\66+01> 1T+ CHECKER - /+'c+-- PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.250 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 12.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./Ft.--Sw = 0.037 

Gutter Depression-Inches-- - - 1.998 
Manning's IN = 0.016 

Flow-CFS--Q = 5.800 - 5 0 ~ ~  
SPREAD-Ft.--T = 17.280-r'l'---r 

Average Velocity-V-fps = 1.837 

FLOW in Gutter-CFS--Q = 3.498 
8 Flow in Gutter-CFS = 60.302 

Velocity of Flow in Gutter-fps = 2.294 
Depth at Curb Line-Inches--d = 5.065 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.92' 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 1.114 
Local Gutter Depression-Inches = 0.000' 

Length of opening: TOTAL Intercept--Ft. = 30.282 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S.D. ) Q (GRATE) Q(1NT. ) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - - - - - - - - - - - - - - - - -  - - - - - - w e - -  - - - - - - -  
5.000 0.277 1.609 2.167 3.776 2.024 65.10 
10.000 0.514 2.981 1.667 4.648 1.152 80.14- 
15.000 0.708 4.106 1.169 5.276 0.524 90.96 
20.000 0.857 4.970 0.680 5.650 0.150 
25.000 0.957 5.550 0.244 5.793 0.007 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- 
HIGHWAY NAME- 
LOCATION - L 3 \ ~qo - too  (\+ 
Ver 3.40: December 1995 

TRACS NO 
DESIGNER 
CHECKER 

RsR 
2.". ,L, .k 2 0- PAGE 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.250 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 12.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./Ft.--Sw = 0.037 

Gutter Depression-Inches-- = 1.998 
Manning's IN = 0.016 

Flow-CFS- -Q = 3.600 - 
SPREAD-Ft.--T = 14.165 -18'-*~ 

Average Velocity-V-fps = 1.652 

FLOW in Gutter-CFS--Q = 2.507 
% Flow in Gutter-CFS = 69.635 

Velocity of Flow in Gutter-fps = 2.014 
Depth at Curb Line-Inches--d = 4.318 

SLOTTED DRAIN--ADOT STD.--C13.60- 
GRATE TYPE : ADOT STD. - -C15.92 / 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 1.552 
Local Gutter Depression-Inches = 0.000 H 

Length of opening: TOTAL Intercept--Ft. = 24.036 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- R/n 
HIGHWAY NAME- 
LOCATION - M L  E I S  \\CI6-toO R* 
Ver 3.40 : December 1995 

TRACS NO 
DESIGNER 
CHECKER 

R 5 R  
n/2 f PAGE 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.250 
Roadway Cross-Slope-Ft./~t.--SX = 0.020 

Shoulder Width-Ft.-- = 12.000 
Shoulder Slope-Ft./~t.--SS = 0.020 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./~t.--Sw = 0.037 

Gutter Depression-Inches-- = 1.998 
Manning's IN = 0.016 

Flow-CFS--Q = 5.000.-  SOY^ 
SPREAD-Ft. --T = 16.256-29'---fi 

Average Velocity-V-fps = 1.776 

FLOW in Gutter-CFS--Q = 3.157 
% Flow in Gutter-CFS = 63.142 

Velocity of Flow in Gutter-fps = 2.204 
Depth at Curb Line-Inches--d = 4.820 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATETYPE: ADOT STD.--C15.92/' 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 1.185 
Local Gutter Depression-Inches = 0.000~ 

Length of opening: TOTAL Intercept--Ft. = 28.183 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D.1 Q(GRATE) Q(1NT.) Q(By-Pass) % CAPT. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

10-11-2004 
PROJECT NAME- fiM TRACS NO. - 
HIGHWAY NAME- DESIGNER - \%5R 
LOCATION - el3 \ \ ' 3 8 + O 0  alp CHECKER - ~ * , j ;  - PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULI CS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0 -250 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 12.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./~t.--Sw = 0.037 

Gutter Depression-Inches-- = 1.998 
Manning's IN = 0.016 

Flow-CFS--Q = 3 .600-tOyr 
SPREAD-Ft. --T = 14.165 - I ' & - - - ~ E  

Average Velocity-V-fps = 1.652 

FLOW in Gutter-CFS--Q = 2.507 
% Flow in Gutter-CFS = 69.635 

Velocity of Flow in Gutter-fps = 2.014 
Depth at Curb Line-Inches--d = 4.318 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.92 

/ 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 1.185 
Local Gutter Depression-Inches = 0.000~ 

Length of opening: TOTAL Intercept--Ft. = 24.036 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S .D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - - 
5.000 0.343 1.234 1.479 2.714 0.886 75.38 
10.000 0.620 2.233 1.000 3.233 0.367 89.80- 
15.000 0.828 2.981 0.534 3.515 0.085 97.65 

0.960 3.455 0.145 3.600 0.000 99.99 
5.000 1.000 3.600 0.000 3.600 0.000 100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- K f i  TRACS NO. - 
HIGHWAY NAME- DESIGNER - RsR 
LOCATION - ML, ED \\90+cu R e  CHECKER - d:T).t/ 

10-11-2004e 
PAGE 

Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.250 
Roadway Cross-Slope-Ft./~t.--Sx = 0.020 

Shoulder Width-Ft.-- = 12.000 
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./~t.--Sw = 0.037 

Gutter Depression-Inches-- = 1.998 
Manning's 'N = 0.016 

Flow-CFS--Q = 5.000 - g V ~ t  
SPREAD-Ft . --T = 16.256 - %L\-'"** 

Average velocity-V-fps = 1.776 

FLOW in Gutter-CFS--Q = 3.157 
% Flow in Gutter-CFS = 63.142 

Velocity of Flow in Gutter-fps = 2.204 
Depth at Curb Line-Inches--d = 4.820 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.92 / 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 1.185 
Local Gutter Depression-Inches = 0.000" 

Length of opening: TOTAL Intercept--Ft. = 28.183 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S .D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - -  - - - - - - - - - -  - - - - - - -  
5.000 0.296 1.482 1.933 3.415 1.585 68.29 

10.000 0.546 2.728 1.439 4.167 0.833 83.33- 
15.000 0.745 3 -726 0.948 4.675 0.325 93.49 
20.000 0.892 4 -460 0.475 4.936 0.064 
25 .OOO 0.980 4.901 0.099 5.000 0.000 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

10-11-2004 
PROJECT NAME- R f l  TRACS NO. - 

@.IGHwLi, NAME- DESIGNER - R S R  
LOCATION - i3 1202.t00 n t  CHECKER - , ~ p  L/ PAGE 
Ver 3.40: December 1995 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.250 
Roadway Cross-Slope-Ft./~t.--Sx = 0.020 

Shoulder Width-Ft.-- = 12.000 
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./Ft.--Sw = 0.037 

Gutter Depression-Inches-- - - 1.998 
Manning's IN = 0.016 

Flow-CFS--Q = 4. 0004~y: 
SPREAD-Ft.--T = 14.811-13*&# 

Average ~elocity-v-f~s = 1.691 

FLOW in Gutter-CFS--Q = 2.701 
% Flow in Gutter-CFS = 67.527 

Velocity of Flow in Gutter-fps = 2.074 
Depth at Curb Line-Inches--d = 4.473 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.92( 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 1.370 
Local Gutter Depression-Inches = 0.000' 

Length of opening: TOTAL Intercept--Ft. = 25.295 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH ~fficiency Q(S.D.) Q(GRATEJ Q(1NT.J Q(By-Pass) % CAPT. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- RM TRACS NO. - 
HIGHWAY NAME- DESIGNER - R ~ f i  _ 
LOCAT I ON - /nt €15 12024oo R t  CHECKER - n).,;: !F' PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0 -250 
Roadway Cross-Slope-Ft./~t.--Sx = 0.020 

Shoulder Width-Ft.-- = 12.000 
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft.--W = 4 -500 
Gutter Slope-Ft./~t.--Sw = 0.037 

Gutter Depression-Inches-- - - 1.998 
Manning's IN = 0.016 

Flow-CFS--Q = 5.800 - C o y  r 
SPREAD-Ft. --T = 17.280 - a y ' - - * p  

Average Velocity-V-fps = 1.837 

FLOW in Gutter-CFS--Q = 3.498 
% Flow in Gutter-CFS = 60.302 

Velocity of Flow in Gutter-fps = 2.294 
Depth at Curb Line-Inches--d = 5.065 

0 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.92d4 

Grate Length--Ft. = 3.350 
Grate Width-- -Ft . = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 0.235 
Local Gutter Depression-Inches = 0 . 0 0 0 ~  

Length of opening: TOTAL Intercept--Ft. = 30.282 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D.) Q(GRATE) Q(1NT.) Q(By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - -  - - -  - - - - - - - - - - - - - - - - -  - - - - - - -  
5.000 0.277 1.609 2.167 3.776 2.024 65.10 
10.000 0.514 2 -981 1.667 4.648 1.152 80.14 .C- 

15.000 0.708 4.106 1.169 5.276 0.524 90.96 
20.000 0.857 4.970 0.680 5.650 0.150 
25.000 0.957 5.550 0.244 5.793 0.007 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

10-12-2004 
PROJECT NAME- TRACS NO. - 
HIGHWAY NAME- DESIGNER - R B c ~  
LOCAT ION - 6a \ r o r t 7 6  \?t. CHECKER - A > b j s  PAGE 
Ver 3 -40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.125 
Roadway Cross-Slope-Ft./~t.--Sx = 0.020 

Shoulder Width-Ft.-- = 12.000 
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./~t.--Sw = 0.037 

Gutter Depression-Inches-- = 1.998 
Manning's IN = 0.016 

Flow-CFS--Q = 3.000 
SPREAD-Ft.--T = 15.182 

Average Velocity-V-fps = 1.211 

FLOW in Gutter-CFS--Q = 1.991 
% Flow in Gutter-CFS = 66.358 

Velocity of Flow in Gutter-fps = 1.490 
Depth at Curb Line-Inches--d = 4.562 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.92 

Grate Length--Ft. = 3 -350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
splash-over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 5.296 
Local Gutter Depression-Inches = 1.000 

Length of opening: TOTAL Intercept--Ft. = 14.392 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S.D. ) Q (GRATE) Q (INT. ) Q (By-Pass) 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - - -  
5.000 0.536 1.609 1.165 2.774 0.226 
10.000 0.882 2.646 0.348 2.994 0.006 
15.000 1.000 3.000 0.000 3.000 0.000 
20 -000 1.000 3.000 0.000 3.000 0.000 
5.000 1.000 3.000 0.000 3.000 0.000 

% CAPT. 
- - - - - - -  
92.4- 
99.79 
100 -00 
100.00 
100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

10-12-2004 
PROJECT NAME- Rf l  TRACS NO. - I 

HIGHWAY NAME- DESIGNER - Xf; R 
LOCATION -NJ& E n  r2oh J?< a k CHECKER - A z D ~ '  PAGE 
Ver 3.40: December 1995' 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.125 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 12.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./Ft.--Sw = 0.037 

Gutter Depression-Inches-- - - 1.998 
Manning's 'N = 0.016 

Flow-CFS--Q = 4.600 
SPREAD-Ft.--T = 18.108 

Average Velocity-V-fps = 1.333 

FLOW in Gutter-CFS--Q = 2.675 
% Flow in Gutter-CFS = 58.155 

Velocity of Flow in Gutter-fps = 1.673 
Depth at Curb Line-Inches--d = 5.264 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.92 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 6.043 
Local Gutter Depression-Inches = 1.000 

Length of opening: TOTAL Intercept--Ft. = 18.024 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S.D. ) Q(GRATE) Q(1NT. ) Q (By-Pass) % CAPT. 
- - - - - - - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - -  - - - - - - - - - -  - - - - - - -  
5.000 0.443 2.037 1.859 3.896 0.704 84.69- 
10.000 0.767 3.528 0.938 4.467 0.133 97.10 
15.000 0.960 4.415 0.185 4.600 0.000 100.00 
20.000 1.000 4.600 0.000 4.600 0.000 
25.000 1.000 4.600 0.000 4.600 0.000 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

04-18-2005  
TRACS NO. - 

HIGHWAY NAME- DESIGNER - a+K 
LOCATION - M L  EU LZOL .to o 2.t CHECKER - JJDV PAGE 
Ver 3.40:  December 1995  

SLOTTED DRAIN W/ GRATE--IN SUMP 

GUTTER FLOW HYDRllULICS 

GUTTER DESCRIPTION 

Roadway Cross-Slope-Ft./~t.--Sx = 0 . 0 2 0  
Shoulder Width-Ft.-- = 10 .000  

Shoulder Slope-Ft./~t.--Ss = 0 .020  
Gutter Width-Ft.--W = 4 .500  

Gutter Slope-Ft./~t.--Sw = 0.037 
Gutter Depression-Inches-- = 1 . 9 9 8  

GRATE TYPE: ADOT STD.--C15.92 
Grate Length--Ft. = 3 .350  
Grate Width---Ft. = 2 .000  

Grate Area--Sq. Ft. = 5.590 
Effective Perimeter--Ft. = 7.350 

Capture Ratio - -  GRATE = 0.500 
Capture Ratio - -  SLOTTED DRAIN = 0.500 

Local Gutter Depression-Inches = 0.000 

LENGTH Q(S1ot. Dn) Q (Grate) d (inches) SPREAD, Ft . 
- - - - - -  - - - - - - - - - -  - - a - - - - - - - - - - - - - -  - - - - - - - - - -  

5.000 1 .162 1 .737 4.133 13.396&-18'*~-% 
10 .000  1 .704 1 . 1 9 7  3.360 10 .177  
15 .000  2.012 0 .889  2 .865 8 .112 
20 .000  2 .209 0 .692  2 .517 6 .661  
25 .000  2 .344 0 .556  2 .256  5 .576 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- FM 
HIGHWAY NAME- 
LOCATION - h ~ E g  12OL+OO fit 
Ver 3.40: December 1995 

TRACS NO 
DESIGNER 
CHECKER 

x5tz 
N D d  

04-18-200r 
PAGE 

SLOTTED DRAIN W/ GRATE--IN SUMP 

GUTTER FLOW HYDRAULICS 

GUTTER DESCRIPTION 

Roadway Cross-Slope-Ft./~t.--Sx = 0.020 
Shoulder Width-Ft.-- = 10.000 

Shoulder Slope-Ft./~t.--Ss = 0.020 
Gutter Width-Ft.--W = 4.500 

Gutter Slope-Ft./~t.--Sw = 0.037 
Gutter Depression-Inches-- = 1.998 

GRATE TYPE: ADOT STD.--C15.92 
Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Effective Perimeter- -Ft . = 7.350 

Capture Ratio - -  GRATE = 0.500 
Capture Ratio - -  SLOTTED DRAIN = 0.500 

Local Gutter Depression-Inches = 0.000 

LENGTH Q(S1ot. Dn) Q (Grate) d (inches) SPREAD, Ft . 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

11-03-2004 
PROJECT NAME- R*( TFACS NO. - 
HIGHWAY NAME- DESIGNER - I R S R  
LOCATION - A &  E B  V2.Q7+25 R +  CHECKER - JdsL;' PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.125 
Roadway Cross-Slope-Ft./~t.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./Ft.--Sw = 0.037 

Gutter Depression-Inches-- = 1.998 
Manning's IN = 0.016 

F~OW-CFS--Q = 2.700 - r o y p  

SPREAD-Ft. --T = 14.524 
Average Velocity-V-fps = 1.183 

FLOW in Gutter-CFS--Q = 1.848 
% Flow in Gutter-CFS = 68.454 

Velocity of Flow in Gutter-fps = 1.448 
Depth at Curb Line-Inches--d = 4.404 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.92 - 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 1.115 
Local Gutter Depression-Inches = 0 -000 -- 

Length of opening: TOTAL Intercept--Ft. = 17.367 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S .D. ) Q(GRATE) Q(1NT.) Q(By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - - - - - - - - -  - - - - - - - - - -  - - - - - - -  
5.000 0.457 1.235 1.066 2.300 0.400 85.2- 
10.000 0.786 2.123 0.504 2.627 0.073 97.31 

0.972 2.625 0.075 2.700 0.000 100.00 
1.000 2.700 0.000 2.700 0.000 100.00 

25.000 1.000 2.700 0.000 2.700 0.000 100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME - fW 
HIGHWAY NAME- 

- - -  

LOCATION - ~ L C %  \\z~7+25 k+ 
Ver 3.40: December 1995 

TRACS NO 
DES IGNER 
CHECKER 

11-03-2004 

P5R 
j2v;;x b~yN PAGE 

-- - - - - 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.125 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./Ft.--Sw = 0.037 

Gutter Depression-Inches-- - - 1.998 
Manning's IN = 0.016 

Flow-CFS--Q = 3.800 -SQS(r 
SPREAD-Ft. --T = 16.748 - tL\ - ~ p  

Average Velocity-V-fps = 1.276 

FLOW in Gutter-CFS--Q = 2.347 
% Flow in Gutter-CFS = 61.753 

Velocity of Flow in Gutter-fps = 1.589 
Depth at Curb Line-Inches--d = 4.937 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.92 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 1.217 
Local Gutter Depression-Inches = 0.000- 

Length of opening: TOTAL Intercept--Ft. = 20.494 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D.) Q(GRATE) Q(1NT.) Q(By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - -  - - - - - - - - - -  - - - - - - -  
5.000 0.396 1.503 1.481 2.984 0.816 78.52* 

10.000 0.700 2.661 0.879 3.540 0.260 93.15 
15.000 0.906 3.445 0.329 3.773 0.027 99.30 
20.000 0.999 3.795 0.005 3.800 0.000 
25.000 1.000 3.800 0.000 3.800 0.000 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- k/n TRACS NO. - 
HIGHWAY NAME- DESIGNER - 
LOCATION - El3 &I. \%\9%2\ A+ CHECKER - 
Ver 3.40: December 1995 

R9ia  
,#Dr PAGE 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.202 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./Ft.--Sw = 0.037 

Gutter Depression-Inches-- = 1.998 
Manning's IN = 0.016 

Flow-CFS--Q = 1. 0OO-lo)~ 
SPREAD-Ft.--T = 8.258-lQ---r 

Average Velocity-V-fps = 1.171 

FLOW in Gutter-CFS--Q = 0.921 
% Flow in Gutter-CFS = 92.065 

Velocity of Flow in Gutter-fps = 1.291 
Depth at Curb Line-Inches--d = 2.900 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.92" 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 1.500 
Local Gutter Depression-Inches = 0.000 - 

Length of opening: TOTAL Intercept--Ft. = 12.302 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - - - - - - - - - - - - - - - - -  - - - - - - - - - -  ------a 

5.000 0.609 0.609 0.358 0.967 0.033 96.72- 
10.000 0.951 0.951 0.049 1.000 0.000 100.00 

1.000 1.000 0.000 1.000 0.000 100.00 
1.000 1.000 0.000 1.000 0.000 100.00 
1.000 1.000 0.000 1.000 0.000 100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

11-03-2004 
PROJECT NAME- R M  TRACS NO. - 
HIGHWAY NAME- DESIGNER - Rbl? 
LOCATION - E O  n~ \? \o f t \  \'I+ CHECKER - N D ~  PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.202 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft . --W = 4.500 
Gutter Slope-Ft./Ft.--Sw = 0.037 

Gutter Depression-Inches-- - - 1.998 
Manning's IN = 0.016 

Flow-CFS--Q = 1.400 - s t y "  
SPREAD-Ft.--T = 9.739 ' i O ~ * *  

Average Velocity-V-fps = 1.249 

FLOW in Gutter-CFS--Q = 1.208 
% Flow in Gutter-CFS = 86.258 

Velocity of Flow in Gutter-fps = 1.427 
Depth at Curb Line-Inches--d = 3.255 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.92 - 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 1.615 
Local Gutter Depression-Inches = 0.000 - 

Length of opening: TOTAL Intercept--Ft. = 14.410 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q ( S  . D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - - - - - - - - - -  - - - - - - -  - - - - - - - - - -  - - - - - - -  
5.000 0.536 0.750 0.556 1.306 0.094 93.30- 
10.000 0.881 1.234 0.165 1.399 0.001 99.91 
15.000 1.000 1.400 0.000 1.400 0.000 100.00 
20.000 1.000 1.400 0.000 1.400 0.000 
25.000 1.000 1.400 0.000 1.400 0.000 100. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

11-03-2004 
PROJECT NAME- R f i  TRACS NO. - 
HIGHWAY NAME- DESIGNER -  sf, 
LOCATION - N I L  EB Q!\t~6 K j. CHECKER - ,TJ~:: i.y. PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.186 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./Ft.--Sw = 0.037 

Gutter Depression-Inches-- = 1.998 
Manning's 'N = 0.016 

Flow-CFS--Q = 1.000- lQyC 
SPREAD-Ft . --T = 8.432 - \ b ' w h F  

Average Velocity-V-fps = 1.132 

FLOW in Gutter-CFS--Q = 0.914 
% Flow in Gutter-CFS = 91.409 

Velocity of Flow in Gutter-fps = 1.255 
Depth at Curb Line-Inches--d = 2.942 

SLOTTED DRAIN--ADOT STD.--Cl3.60 
GRATE TYPE: ADOT STD.--C15.92- 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d ' =  1.470 
0.000 1- Local Gutter Depression-Inches = 

Length of opening: TOTAL Intercept--Ft. = 12.024 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D.) Q(GRATE) Q(1NT.) Q(By-Pass) % CAPT. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

11-03-2004 
PROJECT NAME- $/E, TRACS NO. - 
HIGHWAY NAME- DESIGNER - RSR 
LOCATION - AL €I3 12 \.\kt$ R C  CHECKER - PAGE 
Ver 3.40 : December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.186 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./~t.--Sw = 0.037 

Gutter Depression-Inches-- - - 1.998 
Manning's IN = 0.016 

Flow-CFS--Q = 1.400- 5 0 y t  
SPREAD-Ft . - -T = 9.931 - ko'-*y 

Average Velocity-V-fps = 1.209 

FLOW in Gutter-CFS--Q = 1.197 
% Flow in Gutter-CFS = 85.487 

Velocity of Flow in Gutter-fps = 1.386 
Depth at Curb Line-Inches--d = 3.302 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.92 - 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 0.656 
Local Gutter Depression-Inches = 0.000 - 

Length of opening: TOTAL Intercept--Ft. = 14.089 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D.) Q(GRATE) Q(1NT.) Q(By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - -  - - - - - - - - - -  - - - - - - -  
5.000 0.546 0.764 0.546 1.310 0.090 93.59- 

10.000 0.892 1.249 0.150 1.399 0.001 99.94 
15.000 1.000 1.400 0.000 1.400 0.000 100.00 
20.000 1.000 1.400 0.000 1.400 0.000 
25.000 1.000 1.400 0.000 1.400 0.000 100. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- R M  
HIGHWAY NAME- - - - -  

LOCATION - n~ L R  \?b2 t-24 la* 
Ver 3.40 : ~ecember- 1995 

TRACS NO. - 
DESIGNER - 
CHECKER - 

Rsf? 
, f #  ,j-.2$JjL- , me- PAGE 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.174 
Roadway Cross-Slope-Ft./~t.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./~t.--Sw = 0.037 

Gutter Depression-Inches-- = 1.998 
Manning's 'N = 0.016 

Flow-CFS--Q = 0.900 - " Y e  
SPREAD-Ft. --T = 8.130 ''dbk~ 

Average Velocity-V-fps = 1.080 

FLOW in Gutter-CFS--Q = 0.833 
% Flow in Gutter-CFS = 92.541 

Velocity of Flow in Gutter-fps = 1.188 
Depth at Curb Line-Inches--d = 2.869 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.92- 

Grate Length--Ft. = 3 -350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 1.314 
Local Gutter Depression-Inches = 0.000- 

Length of opening: TOTAL Intercept--Ft. = 11.239 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0 -500 

LENGTH Efficiency Q(S.D.) Q(GRATE) Q(1NT.) Q(B~-Pass) %CAPT. 
- - - - - - - - - - - - - - - -  - - - - - - - - - - - -  - - -  - - - - - - - - - - - - - - - - -  - - - - - - - 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- Qm 
HIGHWAY NAME- 
LOCATION -m  En 12\24ZS P.t. 
Ver 3.40: December 1995 

TRACS NO 
DESIGNER 
CHECKER ~-~c,'>~p*' PAGE 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.174 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./Ft.--Sw = 0.037 

Gutter Depression-Inches-- = 1.998 
Manning's IN = 0.016 

Flow-CFS- -Q = 1.300*sQ,Y' 
SPREAD-Ft . - -T = 9.742 - 1 0  "hp 

Average Velocity-V-fps = 1.160 

FLOW in Gutter-CFS--Q = 1.121 
% Flow in Gutter-CFS = 86.249 

Velocity of Flow in Gutter-fps = 1.325 
Depth at Curb Line-Inches--d = 3.256 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.92,. 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 1.443 
Local Gutter Depression-Inches = 0.000 - 

Length of opening: TOTAL Intercept--Ft. = 13.357 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S .D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

11-03-2004 
PROJECT NAME- W TWCS NO. - 
HIGHWAY NAME- DESIGNER - p , ~ t a  
LOCATION - 3 R t  CHECKER - 2 .,,! : , ' PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GIIATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.162 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./~t.--Sw = 0.037 

Gutter Depression-Inches-- = 1.998 
Manningt s IN = 0.016 

Flow-CFS--Q = 0.800* 10 9 0  
SPREAD-~t.--T = 7.793 - , d n ~ #  

Average Velocity-V-fps = 1.026 

FLOW in Gutter-CFS--Q = 0.750 
% Flow in Gutter-CFS = 93.756 

Velocity of Flow in Gutter-fps = 1.118 
Depth at Curb Line-Inches--d = 2.788 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--Cl5.92' 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 0.254 
Local Gutter Depression-Inches = 0.000 f@- 

Length of opening: TOTAL Intercept--Ft. = 10.433 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S .D. ) Q (GRATE) Q (INT. ) Q (By-pass) % CAPT. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- f$P) 
HIGHWAY NAME- 

- - 

LOCATION - Ea \%\%&\6 Rt- 
Ver 3.40: December 1995 

TRACS NO 
DESIGNER 
CHECKER 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.162 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./Ft.--Sw = 0.037 

Gutter Depression-Inches-- = 1.998 
Manning's IN = 0.016 

Flow-CFS- -Q = 1.200-Cp"ZW 
SPREAD-Ft.--T = 9.538 ' L Q m ' ~  

Average Velocity-V-ips = 1.109 

FLOW in Gutter-CFS--Q = 1.045 
% Flow in Gutter-CFS = 87.065 

Velocity of Flow in Gutter-fps = 1.262 
Depth at Curb Line-Inches--d = 3.207 

SLOTTED DRAIN--ADOT STD.--C13.60, 
GRATE TYPE: ADOT STD.--C15.92 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 0.329 
Local Gutter Depression-Inches = 0.000 - 

Length of opening: TOTAL Intercept--Ft. = 12.611 
Capture Ratio --  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH ~fficiency Q (s.D.) Q(GRATE) Q(1NT.) Q(By-Pass) % CAPT. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

11-03-2004 
PROJECT NAME- L l h  TRACS NO. - 
HIGHWAY NAME- DESIGNER - & t ~ r Z  

LOCATION - & & E n  \%13r?Z AT CHECKER - ,iJ L/ ,/ PAGE % 

Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.154 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./~t.--Sw = 0.037 

GutterDepression-Inches-- = 1.998 
Manning's IN = 0.016 

Flow-CFS--Q = 0.800 '107' 
SPREAD-Ft.--T = 7.896-\0"*# 

Average Velocity-V-fps = 1.006 

FLOW in Gutter-CFS--Q = 0.747 
% Flow in Gutter-CFS = 93.390 

Velocity of Flow in Gutter-fps = 1.098 
Depth at Curb Line-Inches--d = 2.813 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.92 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 1.103 
Local Gutter Depression-Inches = 0.000 c- 

Length of opening: TOTAL Intercept--Ft. = 10.287 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S  .D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - - - - - - - - -  - - - - - - -  
5.000 0.698 0.559 0.233 0.792 0.008 98.97 - 
10.000 0.998 0.799 0.001 0.800 0.000 100.00 

1.000 0.800 0.000 0.800 0.000 100.00 
1.000 0.800 0.000 0.800 0.000 100.00 

25 .OOO 1.000 0.800 0.000 0.800 0.000 100.00 



ARIZONA DEPARTMENT OF TWSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECF NAME- pfi  
HIGHWAY NAME- 
LOCATI ON - M L  f B  \2\2,tqt Kt 
Ver 3.40: December 1995 

TRACS NO 
DESIGNER 
CHECKER 

11-03-2004 

\?5R 
a1 !,f' PAGE 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.154 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder slope-Ft./Ft.--SS = 0.020 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./Ft.--Sw = 0.037 

Gutter Depression-Inches-- - - 1.998 
Manning's IN = 0.016 

Flow-CFS--Q = 1 -200 - 50,V\ 
SPREAD-Ft.--T = 9.654 

Average Velocity-V-fps = 1.087 

FLOW in Gutter-CFS--Q = 1.039 
% Flow in Gutter-CFS = 86.600 

Velocity of Flow in Gutter-fps = 1.239 
Depth at Curb Line-Inches--d = 3.235 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.92 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 1.103 
Local Gutter Depression-Inches = 0. O O O Y  

Length of opening: TOTAL Intercept--Ft. = 12.438 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S .D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- K f l  
HI-GHWAY NAME- 
LOCATION - E 6 rzrb + 53  Rt 
Ver 3.40: December 1995 

TRACS NO 
DESIGNER 
CHECKER 

@5 e 
>J':+~ PAGE 

SLOTTED DIiAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDMULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.147 
Roadway Cross-Slope-Ft./~t.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- = 2.010 
Manning1 s IN = 0.016 

Flow-CFS--Q = 1.400-10 y r  

SPREAD-Ft . --T = 10.583 -16'-j4 
Average Velocity-V-fps = 1.105 

FLOW in Gutter-CFS--Q = 0.879 
% Flow in Gutter-CFS = 62.800 

Velocity of Flow in Gutter-fps = 1.433 
Depth at Curb Line-Inches--d = 3.950 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.918 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area- -Sq. Ft . = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 4.712 
Local Gutter Depression-Inches = 1.000 1 

Length of opening: TOTAL Intercept--Ft. = 7.975 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D.1 Q(GRATE) Q(1NT.) Q(By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - - - - - - - - - -  - - - - - - - - - - - - - -  
5.000 0.831 1.163 0.237 1.400 0.000 100.00*--- 
10.000 1.000 1.400 0.000 1.400 0.000 100.00 

1.000 1.400 0.000 1.400 0.000 100.00 
1.000 1.400 0,000 1.400 0.000 100.00 
1.000 1.400 0.000 1.400 0.000 100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

10-12-2004 
PROJECT NAME- TRACS NO.- 
HIGHWAY NAME- DESIGNER - Rs/< 
LOCATION - lu l f  d B  \?\btg3 n+ CHECKER - , f /~?v"  PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.147 
Roadway Cross-Slope-Ft./~t.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

GutterDepression-Inches-- - - 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 1.900 -5yy r 
SPREAD-Ft . --T = 12.137 Lib-hh% 

Average Velocity-V-fps = 1.173 

FLOW in Gutter-CFS--Q = 1.068 
% Flow in Gutter-CFS = 56.197 

Velocity of Flow in Gutter-fps = 1.545 
Depth at Curb Line-Inches--d = 4.323 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 5.119 
Local Gutter Depression-Inches = 1.000'- 

Length of opening: TOTAL Intercept--Ft. = 9.538 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D. ) Q(GRATE) Q(1NT.) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - -  - - - - - - - - - -  - - - - - - -  
5.000 0.737 1.401 0.495 1.896 0.004 99.80- 
10.000 1.000 1.900 0.000 1.900 0.000 100.00 
15.000 1.000 1.900 0.000 1.900 0.000 100.00 
20.000 1.000 1.900 0.000 1.900 0.000 
25.000 1.000 1.900 0.000 1.900 0.000 100.0 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

10-11-2004 
PROJECT NAME- ~ f i  TRACS NO. - 
HIGHWAY NAME- DESIGNER - R5,3 
LOCAT I ON - b i l ~  6 8  \ ' t~S . i r j 'Q  pi" CHECKER - Nu(/" PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.250 
Roadway Cross-Slope-Ft./~t.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./~t.--Sw = 0.067 

Gutter Depression-Inches-- = 2.010 
Manning's 'N = 0.016 

Flow-CFS--Q = 4.600.\0,1* 
SPREAD-Ft. --T = 15.788 16 -+ 

Average Velocity-V-fps = 1.743 

FLOW in Gutter-CFS--Q = 2.045 
% Flow in Gutter-CFS = 44.453 

Velocity of Flow in Gutter-fps = 2.340 
Depth at Curb Line-Inches--d = 5.199 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91J 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 6.047 
Local Gutter Depression-Inches = 1.0OOfl 

Length of opening: TOTAL Intercept--Ft. = 18.005 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S. D. ) Q (GRATE) Q (INT. ) Q (By-Pass) 8 CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  ----...-- 

5.000 0.443 2.039 1.868 3.907 0.693. 84-94. 
10 .OOO 0.768 3.531 0.995 4.526 0.074 98.38- 

0.960 4.417 0.183 4.600 0.000 100.00 
1.000 4.600 0.000 4.600 0.000 100.00 

25 -000 1.000 4.600 0.000 4.600 0.000 100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

10-11-2004 
PROJECT NAME- RFI  TRACS NO. - 
HIGHWAY NAME- DESIGNER - R S Q  
LOCATION - f i L  EC3 \ L ' L Z t f Q  RI- CHECKER - ,&';.,, ,!' PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--(; - = 0.250 
Roadway Cross-Slope-Ft./~t.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./~t.--Sw = 0.067 

Gutter Depression-Inches-- - - 2.010 
Manning's IN = 0.016 . 

Flow-CFS- -Q = 6.400 -507' 
SPREAD-Ft . --T = 18.068 '2' 

Average Velocity-V-fps = 1.876 

FLOW in Gutter-CFS--Q = 2.503 
% Flow in Gutter-CFS = 39.105 

Velocity of Flow in Gutter-fps = 2.534 
Depth at Curb Line-Inches--d = 5.746 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91/ 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 6.615 
Local Gutter Depression-Inches = 1.000/ 

Length of opening: TOTAL Intercept--Ft. = 21.842 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S.D. ) Q (GRATE) Q (INT. ) Q(By-Pass) 
- - - - - -  - - - - - - - - - -  - - - - - - - - - - - - - - -  - - - - - - -  - - - - - - - - - -  
5.000 0.374 2.392 2.480 4.872 1.528 
10.000 0.668 4.274 1.640 5.913 0.487 
15.000 0.876 5.608 0.770 6.378 0.022 
20.000 0.988 6.325 0.075 6.400 0.000 
25.000 1.000 6.400 0.000 6.400 0.000 

% CAPT. 
- - - - - - -  
76-13:. 
92 -40- 
99.66 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

10-11-2004 
PROJECT NAME- kfl TRACS NO. - 
HIGHWAY NAME- DESIGNER - R s R  
LOCATION -JVIL 6 0  \126 t 50 R +  CHECKER - / .../ 1 :,; PAGE $ {-: .~ ; ,"..; 

Ver 3.40: December 1995 

SLOTTED DRALN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.250 
Roadway Cross-Slope-Ft./Ft.--Sx . = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- - - 2.010 
Manning's IN = 0.016 

F~OW-CFS--Q = 4.300-rop 
SPREAD-Ft. --T = 15.353 * 1 6 ' - & ~  

Average Velocity-V-fps = 1.717 

FLOW in Gutter-CFS--Q = 1.962 
% Flow in Gutter-CFS = 45.623 

Velocity of Flow in Gutter-fps = 2 -303 
Depth at Curb Line-Inches--d = 5.095 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91N 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 5.938 
Local Gutter Depression-Inches = 1.000 / 

Length of opening: TOTAL Intercept--Ft. = 17.306 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S. D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 
- - - - - - - 
86.66- 
99.06 

100.00 
100.00 
100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- R& TRACS NO. - 
HIGHWAY NAME- 

Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON-GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.250 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--SS = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--SW = 0.067 

Gutter Depression-Inches-- = 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 6.300 \ s @ ? t  
SPREAD-Ft.--T = 17 .953c%Zwb+ 

Average Velocity-V-fps = 1.869 

FLOW in Gutter-CFS--Q = 2.479 
% Flow in Gutter-CFS = 39.346 

Velocity of Flow in Gutter-fps = 2.524 
Depth at Curb Line-Inches--d = 5.719 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91 J 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 6.587 
Local Gutter Depression-Inches = 1.000 J 

Length of opening: TOTAL Intercept--Ft. = 21.643 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency ~(s.D.1 Q(GRATE) Q(1NT.) Q(By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - -  ----.,.----- - - - - - - -  
5.000 0.377 2.374 2.449 4.823 1.477 76.55- 
10 .OOO 0.672 4.236 1.601 5.837 0.463 92.65 
15.000 0.881 5.548 0.735 6.283 0.017 99.74 
20.000 0.990 6.239 0.061 6.300 0.000 
25.000 1.000 6.300 0.000 6.300 0.000 100. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME-$,q TRACS NC 
HIGHWAY NAME- DESIGNER 
LOCATION 
Ver 3.40 

-/vlL E l 3  I l t I 3 4  21 P t- 
December 1995 

CHECKER 
R s  R 
,{ ).->.: < ,/' .. v I ;i . i PAGE 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.102 
Roadway Cross-Slope-Ft./~t.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./~t.--SS = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./~t.--Sw = 0.067 

Gutter Depression-Inches-- - - 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 2.400 -U,yr 
SPREAD-Ft.--T = 14.518-16--*r 

Average Velocity-V-fps = 1.065 

FLOW in Gutter-CFS--Q = 1.153 
% Flow in Gutter-CFS = 48.026 

Velocity of Flow in Gutter-fps = 1.423 
Depth at Curb Line-Inches--d = 4.894 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91° 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 5.727 
Local Gutter Depression-Inches = 1.000 0- 

Length of opening: TOTAL Intercept--Ft. = 10.114 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S .D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - - 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

10-12-2004 
PROJECT NAME- R f l  TRACS NO. - 
HIGHWAY NAME- DESIGNER - ~5 17 
LOCATION -NLED 122B.t21 R t n  CHECKER - JLP.E> u," PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.102 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-~t./Ft.--SS = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- - - 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 4.100 ' ~ O Y '  

SPREAD-Ft . --T = 18.096'22'-"r 
Average Velocity-V-fps = 1.198 

FLOW in Gutter-CFS--Q = 1.601 
% Flow in Gutter-CFS = 39.046 

Velocity of Flow in Gutter-fps = 1.618 
Depth at Curb Line-Inches--d = 5.753 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91, 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 6.622 
Local Gutter Depression-Inches = 1.000 ' 

Length of opening: TOTAL Intercept--Ft. = 13.845 
Capture Ratio - -  SLOTTED DRAIN = . 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S .Dm) Q(GRATE) Q(1NT.) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - - - - - - - - - - - -  - - - - - - - 
5.000 0.554 2.270 1.441 3.710 0.390 90.50- 

10.000 0.900 3.691 0.406 4.098 0.002 99.95 
15.000 1.000 4.100 0.000 4.100 0.000 100.00 
20.000 1.000 4.100 0.000 4.100 0.000 
25.000 1.000 4.100 0.000 4.100 0.000 100. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

04-18-2005 
PROJECT NAME- R M  TRACS NO. - 
HIGHWAY NAME- DESIGNER - W s #  
LOCATION - JI/1L EB 155!4~21.2l lit- CHECKER - ~ D \ /  PAGE 
Ver 3.40: ~ecember 1995 

SLOTTED DRAIN W/ GRATE--IN SUMP 

GUTTER FLOW HYDRAULICS 

GUTTER DESCRIPTION 

Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 
Shoulder Width-Ft.-- = 10.000 

Shoulder Slope-Ft./~t.--Ss = 0.020 
Gutter Width-Ft.--W = 2.500 

Gutter Slope-Ft./~t.--Sw = 0.067 
Gutter Depression-Inches-- = 2.010 

GRATE TYPE: ADOT STD.--C15.91 
Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Effective Perimeter--Ft. = 7.354 

Capture Ratio - -  GRATE = 0.500 
Capture Ratio - -  SLOTTED DRaIN = 0.500 

Local Gutter Depression-Inches = 1.000 /. 

LENGTH Q(S1ot. Dn) Q (Grate) d (inches) SPREAD, Ft . 
- - - - - -  - - - - - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - - - -  
5.000 1.236 1.165 3.306 7 . 9 0 0 ~ / 6 ~ w u  
10.000 1.738 0.664 2 -404 4.143 
15.000 1.979 0.419 1.833 2.280 
20.000 2.101 0.299 1.434 1.784 
25.000 2.307 0.093 1.233 1.533 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- QA 
HIGHWAY NAME- 
LOCAT I ON - 122?.+21-2l c+ 
Ver 3.40: December 1995 

TRACS NO 
DESIGNER 
CHECKER 

04-18-2005 

S5R 
DPv PAGE 

SLOTTED DRAIN W/ GRATE--IN SUMP 

GUTTER FLOW HYDRAULICS 

GUTTER DESCRIPTION 

Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 
Shoulder Width-Ft.-- = 10.000 

Shoulder Slope-Ft./Ft.--Ss = 0.020 
Gutter Width-Ft.--W = 2.500 

Gutter Slope-Ft./Ft.--Sw = 0.067 
Gutter Depression-Inches-- - - 2.010 

GRATE TYPE: ADOT STD.--C15.91 
Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Effective Perimeter--Ft. = 7.354 

Capture Ratio - -  GRATE = 0.500 
Capture Ratio - -  SLOTTED DRAIN = 0.500 

Local Gutter Depression-Inches = 1.000 

LENGTH Q(S1ot. Dn) Q (Grate) d (inches) SPREAD, Ft . 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DIiAINAGE DESIGN SECTION 

10-12-2004 
I PROJECT NAME- RYI TRACS NO. - 
HIGHWAY NAME- 

Ver 3.40: December 195 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.127 
Roadway Cross-Slope-Ft./~t.--Sx = 0.020 

shoulder width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft . --W = 2.500 
Gutter Slope-Ft./~t.--Sw = 0.067 

Gutter Depression-Inches-- - - 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 3.000 * \ O , Y ~  
SPREAD-Ft . --T = 15 -225 m** 

Average Velocity-V-fps = 1.217 

FLOW in Gutter-CFS--Q = 1.379 
% Flow inGutter-CFS = 45.978 

Velocity of Flow in Gutter-fps = 1.631 
Depth at Curb Line-Inches--d = 5.064 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATETYPE: ADOT STD.--C15.91' 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 5.906 
Local Gutter Depression-Inches = 1.000 /- 

Length of opening: TOTAL Intercept--Ft. = 12.092 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D.) Q(GRATE) Q(1NT.) Q(By-Pass) % CAPT. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

10-12-2004 
PROJECT NAME- TRACS NO. - 
HIGHWAY NAME- DESIGNER - RSQ 
LOCATION - f l L  ETS )%SO + 4 6 CHECKER - ? -  ; PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.127 
Roadway Cross-Slope-Ft./~t.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder slope-~t./~t.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- - - 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 4.700 -c0-tr 
SPREAD-Ft . --T = 18.296 --2$wh% 

Average Velocity-V-fps = 1.345 

FLOW in Gutter-CFS--Q = 1.816 
% Flow in Gutter-CFS = 38.634 

Velocity of Flow in Gutter-fps = 1.817 
Depth at Curb Line-Inches--d = 5.801 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91 ' 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 6.672 
Local Gutter Depression-Inches = 1.000 

Length of opening: TOTAL Intercept--Ft. = 15.726 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D.) Q(GRATE) Q(1NT.) Q(By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - - - - - - - - - -  - - - - - - - - - - - - - - - - -  - - - - - - -  
5.000 0.498 2.340 1.728 4.068 0.632 86.55- 
10.000 0.838 3.937 0.727 4.665 0.035 99.25 
15.000 0.996 4.681 0.019 4.700 0,000 100.00 
20.000 1.000 4.700 0.000 4.700 0.000 
25.000 1.000 4.700 0.000 4.700 0.000 100. loo Oa 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

10-12-2004 
PROJECT NAME- E f i  TRACS NO. - 
HIGHWAY NAME- DESIGNER - p ~ @  
LOCATION fl t CHECKER - / - )  7 '7.; 

C- c 

PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.410 
Roadway Cross-Slope-Ft./~t.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft.--W = 2 -500 
Gutter Slope-Ft./~t.--Sw = 0.067 

Gutter Depression-Inches-- = 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 5.900 - j o y a  
SPREAD-Ft.--T = 15.799 - I$"*"  

Average Velocity-V-fps = 2.232 

FLOW in Gutter-CFS--Q = 2.621 
% Flow in Gutter-CFS = 44.430 

Velocity of Flow in Gutter-fps = 2.998 
Depth at Curb Line-Inches--d = 5.202 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91' 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 6.049 
Local Gutter Depression-Inches = 1.000 ( 

Length of opening: TOTAL Intercept--Ft. = 23.194 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S .D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

10-12-2004 
PROJECT NAME- TRACS NO. - 
HIGHWAY NAME- 

( 

Ver 3.40 : December 19! 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G 
Roadway Cross-Slope-Ft./~t.--Sx 

Shoulder Width-Ft.-- 
Shoulder Slope-Ft./Ft.--Ss 

Gutter Width-Ft.--W 
Gutter Slope-Ft./Ft.--Sw 

Gutter Depression-Inches-- 
Manning's IN 

Flow-CFS--Q = 8.700 'so?' 
SPREAD-Ft.--T = 18.508''~'*~' 

Average Velocity-V-fps = 2.435 

FLOW in Gutter-CFS--Q = 3.324 
% Flow in Gutter-CFS = 38.205 

Velocity of Flow in Gutter-fps = 3.292 
Depth at Curb Line-Inches--d = 5.852 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 6.724 
Local Gutter Depression-Inches = 1.000 

Length of opening: TOTAL Intercept--Ft. = 29.103 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S . D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 
- - - - - -  - ---------  - - - - - - -  - - - - - - - - - - - - - - -  - - - - - - - - - -  - - - - - - -  
5.000 0.288 2.503 3.316 5.819 2.881 66.89 
10.000 0.531 4.622 2.588 7.210 1.490 82.88 
15.000 0.729 6.338 1.836 8.174 0.526 93.96- 
20.000 0.877 7.626 1.025 8.651 0.049 
25.000 0.971 8.444 0.256 8.700 0.000 100.0 99 4@ 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

10-12-2004 
PROJECT NAME- R d  TmCS NO. - 
HIGHWAY NAME- DESIGNER - @SQ 
LOCATION - / r ? ~  ECS la30tuo R+ CHECKER - A L ' ~ , ~ /  PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.410 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- = 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 5 -9 0 0 ''or; 
SPREAD-Ft. --T = 15.799 ' l b * " ~  

Average Velocity-V-fps = 2.232 

FLOW in Gutter-CFS--Q = 2.621 
% Flow in Gutter-CFS = 44.430 

Velocity of Flow in Gutter-fps = 2.998 
Depth at Curb Line-Inches--d = 5.202 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91 / 

Grate Length--Ft. = 3 -354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 6.049 
Local Gutter Depression-Inches = 1.000 4' 

Length of opening: TOTAL Intercept--Ft. = 23.194 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S .D. ) Q (GRATE) Q (INT. ) Q (By-Pass) 
- - - - - -  - - - - - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
5.000 0.354 2.089 2.484 4.573 1.327 
10.000 0.638 3.763 1.718 5.480 0.420 

0.846 4.993 0.886 5.879 0.021 
0.972 5.734 0.166 5.900 0.000 
1.000 5.900 0.000 5.900 0.000 

% CAPT. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- Rfl  
HIGHWAY NAME - 
LOCATION - r ? ~  66  12 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.410 
Roadway Cross-Slope-Ft./~t.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./~t.--Sw = 0.067 

Gutter Depression-Inches-- - - 2.010 
Manning's IN = 0.016 

Flow-CFS- -Q = 8.600 - S Q Y ~  
SPREAD-Ft. --T = 18.422 - ? , t ' - - ~ g  

Average Velocity-V-fps = 2.429 

FLOW in Gutter-CFS--Q = 3 -300 
% Flow in Gutter-CFS = 38.378 

Velocity of Flow in Gutter-fps = 3.283 
Depth at Curb Line-Inches--d = 5.831 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7'. 354 

Depth at INLET Curb Line-Inches--d = 6.703 
Local Gutter Depression-Inches = 1.000 - 

Length of opening: TOTAL Intercept--Ft. = 28.908 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S .D. ) Q(GRATE) Q(1NT.) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - - - - - - - - -  - - - - - - - - - -  - - - - - - -  
5.000 0.290 2.490 3.289 5.779 2.821 67.20 
10.000 0.534 4.595 2.560 7.155 1.445 83.20 
15.000 0.732 6.296 1.806 8.102 0.498 94.21- 
20.000 0.880 7.567 0.992 8.559 0.041 
25.000 0.973 8.365 0.235 8.600 0.000 100. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- 
HIGHWAY NAME - 
LOCATION - f i ~  rCn \tr(2-+-2< A+- 
Ver 3.40: December 1995 

TRACS NO 
DESIGNER 
CHECKER 

it5 13 
,+'Q ; ,I' PAGE , 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.410 
Roadway Cross-Slope-Ft./Ft.--SX = 0.020 

shoulder width-Ft.-- = 10.000 
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- = 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 5. 900-lQYt 
SPREAD-Ft. --T = 15.799- 1 6 ' - k e + ~  

Average Velocity-V-fps = 2.232 

FLOW in Gutter-CFS--Q = 2.621 
% Flow in,Gutter-CFS = 44.430 

Velocity of Flow in Gutter-fps = 2.998 
Depth at Curb Line-Inches--d = 5.202 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: AD0TSTD.--C15.91' 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 6.049 
Local Gutter Depression-Inches = 1.000' 

Length of opening: TOTAL Intercept--Ft. = 23.194 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D.) Q(GRATE) Q(INT.) Q(By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - - - - - - - - - - - -  - - - - - - -  
5.000 0.354 2.089 2.484 4.573 1.327 77.51 
10.000 0.638 3.763 1.718 5.480 0.420 92.89 

0.846 4.993 0.886 5.879 0.021 99.64- 
0.972 5.734 0.166 5.900 0.000 100.00 
1.000 5.900 0.000 5.900 0.000 100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- RM TRACS NO. - 
HIGHWAY NAME- 

Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.410 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- - - 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 8 -200   SOY^ 
SPREAD-Ft.--T = 18.071-22'-kfi 

Average Velocity-V-fps = 2 -403 

FLOW in Gutter-CFS--Q = 3.206 
% Flow in Gutter-CFS = 39.098 

Velocity of Flow in Gutter-fps = 3 -245 
Depth at Curb Line-Inches--d = 5.747 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91J 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 6.616 
Local Gutter Depression-Inches = 1.000 / 

Length of opening: TOTAL Intercept--Ft. = 28.118 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S .D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - - - - - - - - -  - - - - - - - - - -  - - - - - - - 
5.000 0.297 2 -436 3.179 5.615 2.585 68.47 
10.000 0.547 4.483 2.447 6.929 1.271 84.50 
15.000 0.746 6.121 1.686 7.807 0.393 95.21- 
20 .OOO 0.893 7.324 0.859 8.182 0.018 
25.000 0.981 8.043 0.157 8.200 0.000 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

11-11-2004 
PROJECT NAME- g/A TRACS NO. - 
HIGHWAY NAME- * DESIGNER - @$a 
LOCATION - A aZ,WtSI) a+ CHECKER - J.,,~L> PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.912 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 12.000 
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft . --W = 4.500 
Gutter Slope-Ft./Ft.--Sw = 0.037 

Gutter Depression-Inches-- - - 1.998 
Manning's IN = 0.016 

Flow-CFS--Q = 1.600-loyt 
SPREAD-Ft . - -T  = 7.115-10'-.~.~ 

Average Velocity-V-fps = 2.359 

FLOW in Gutter-CFS--Q = 1.536 
% Flow in Gutter-CFS = 95.995 

Velocity of Flow in Gutter-fps = 2.518 
Depth at Curb Line-Inches--d = 2.626 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.92 /' 

Grate Length--Ft. = 3 -350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 0.853 
Local Gutter Depression-Inches = 0.000 / 

Length of opening: TOTAL Intercept--Ft. = 23.295 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio --  GRATE = 0.500 

LENGTH Efficiency Q(S.D.) Q(GRATE) Q(1NT.) Q(By-Pass) %CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - -  - - - - - - - - - -  - - - - - - - 
5.000 0.353 0.564 0.838 1.402 0.198 87.61- 
10.000 0.636 1.017 0.529 1.546 0.054 96.65 
15.000 0.844 1.351 0.248 1.599 0.001 99.91 
20.000 0.970 1.553 0.047 1.600 0.000 100.00 
25.000 1.000 1.600 0.000 1.600 0.000 100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

11-11-2004 
PROJECT NAME- RM TRACS NO. - 
HIGHWAY NAME- DESIGNER - p%R 
LOCATION - ~3 r 2 ~ t s 3  PI CHECKER - u.P\J PAGE 
Ver 3.40 :  December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--(; = 0.912 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 12.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./~t.--Sw = 0.037 

Gutter Depression-Inches-- - - 1.998 
Manning's IN = 0.016 

Flow-CFS- -Q = 2.600-soyr 
SPREAD-Ft.--T = 9.130 - t o ' m ~ ~  

Average Velocity-V-fps = 2.585 

FLOW in Gutter-CFS--Q = 2.307 
% Flow in Gutter-CFS = 88.717 

Velocity of Flow in Gutter-fps = 2.915 
Depth at Curb Line-Inches--d = 3.109 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.92/ 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 0.848 
Local Gutter Depression-Inches = 0.000 / 

Length of opening: TOTAL Intercept--Ft. = 29.165 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S . D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - -  - - - - - - - - - -  - - - - - - -  

5.000 0.287 0.747 1.300 2.047 0.553 7 8 . 7 3 W  
10.000 0.530 1.379 0.953 2.332 0.268 89.67 
15.000 0.727 1 . 8 9 1  0.617 2.509 0.091 96.48 
20.000 0.876 2.276 0.318 2.594 0.006 
25.000 0.970 2.522 0.078 2.600 0.000 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- QM 
n. 

HI GHWAY NAME - 
LOCATION - \2504Clb P-t 
Ver 3.40: December 1995 

TRACS NO 
DESIGNER 
CHECKER 

k5 12 
3 ,l.[) 1 ,f- PAGE 

SLOTTED DRAIN W/ GRATE--ON G W E  

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.988 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 12.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./Ft.--Sw = 0.037 

Gutter Depression-Inches-- = 1.998 
Manning's IN = 0.016 

Flow-CFS--Q = 1.700 .\o\lt- 
SPREAD-Ft.--T = 7.194 -\Q-ar 

Average Velocity-V-fps = 2 -465 

FLOW in Gutter-CFS--Q = 1.628 
% Flow in Gutter-CFS = 95.750 

Velocity of Flow in Gutter-fps = 2.638 
Depth at Curb Line-Inches--d = 2.645 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.92 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 1.173 
Local Gutter Depression-Inches = 0.000~ 

Length of opening: TOTAL Intercept--Ft. = 24.496 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D.1 Q(GRATE) Q(1NT.) Q(By-Pass) %CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - -  
5.000 0.337 0.573 0.898 1.471 0.229 86.55d1--- 
10.000 0.611 1.039 0.588 1.627 0.073 95.69 
15.000 0.818 1.391 '0.305 1.696 0.004 99.76 
20.000 0.953 1.620 0.080 1.700 0.000 100.00 
25.000 1.000 1.700 0.000 1.700 0.000 100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
I 

DRAINAGE DESIGN SECTION I 
PROJECT NAME- f4h 
HIGHWAY NAME- 
LOCATION - f a  r 2 6 Q + 9 0  \It 
Ver 3.40: December 1995 

TRACS NO 
DESIGNER 
CHECKER 

11-11-2004 

R5R 
, ~ ? + : t - . <  . u <F--- PAGE 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent - -G 
Roadway Cross-Slope-Ft./Ft.--Sx 

Shoulder Width-Ft.-- 
Shoulder Slope-Ft./Ft.--Ss 

Gutter Width-Ft . --W 
Gutter Slope-Ft./Ft.--Sw 

Gutter Depression-Inches-- 
Manning's 'N 

Flow-CFS--Q = 3.000 -g"vc 
SPREAD-~t . --T = 9.595 - 16-ar 

Average Velocity-V-fps = 2.745 

FLOW in Gutter-CFS--Q = 2.606 
% Flow in Gutter-CFS = 86.865 

Velocity of Flow in Gutter-fps = 3.128 
Depth at Curb Line-Inches--d = 3.221 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.92 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = .  2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 0.840 
Local Gutter Depression-Inches = 0.000 

Length of opening: TOTAL Intercept--Ft. = 31.899 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

I LENGTH Efficiency Q (S.D.) Q(GRATE) Q(1NT.) Q (By-Pass) % CAPT. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME-RA 
HIGHWAY NAME- 
LOCATION - Ea 1 2 5 2 + 2 - i  R +  
Ver 3.40: December 1995 

TRACS NO. - 
DESIGNER - 
CHECKER - 

12 53 1.7 
,t-~b tr PAGE 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 1.022 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 12.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./Ft.--Sw = 0.037 

Gutter Depression-Inches-- = 1.998 
Manning's 'N = 0.016 

Flow-CFS--Q = 4.100 
SPREAD-Ft . --T = 11.011 ld--hr. 

Average Velocity-V-fps = 2.961 

FLOW in Gutter-CFS--Q = 3.329 
% Flow in Gutter-CFS = 81.203 

Velocity of Flow in Gutter-fps = 3.466 
Depth at Curb Line-Inches--d = 3.561 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.92' 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft: = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 0.000 
Local Gutter Depression-Inches = 0.000 e- 

Length of opening: TOTAL Intercept--Ft. = 37.364 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S .D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - - - - - - - - -  - - - - - - - - - -  - - - - - - -  



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

11-11-2004 
PROJECT NAME- R f i  TRACS NO. - 
HIGHWAY NAME- DESIGNER - PC-@ 
LOCATION - Elr~$b 1 2 5 2 4 2 - j  P +  CHECKER - .; ,.r .vc' PAGE ,- >., < 2. 

Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 1.022 
Roadway Cross-Slope-Ft./~t.--SX = 0.020 

Shoulder Width-Ft.-- = 12.000 
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./~t.--Sw = 0.037 

Gutter Depression-Inches-- - - 1.998 
Manning's 'N = 0.016 

Flow-CFS--Q = 6.500 - 6 3 ~ c  
SPREAD-Ft . - -T = 13.496-2 l\'-fi 

Average Velocity-V-fps = 3.261 

FLOW in Gutter-CFS--Q = 4.675 
% Flow in Gutter-CFS = 71.919 

Velocity of Flow in Gutter-fps = 3.947 
Depth at Curb Line-Inches--d = 4.157 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.92 ' 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 1.746 
Local Gutter Depression-Inches = 0.000' 

Length of opening: TOTAL Intercept--Ft. = 46.662 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S .D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - -  - - - - - - - - - -  - - - - - - - 
5.000 0.185 1.200 2.660 3.860 2.640 59.38 
10.000 0.352 2.289 2.294 4.583 1.917 70.51 
15 .OOO 0.502 3.266 1.928 5.194 1.306 79.914-- 
20.000 0.635 4.127 1.561 5.688 0.832 
25.000 0.749 4.867 1.194 6.061 0.439 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

a 11-10-2004 
PROJECT NAME-~I/I TRACS NO. - 
HIGHWAY NAME- DESIGNER - 351'3 : 
LOCATION - f l L f g  12SGf-66 R +  CHECKER - , \L/~:.J~,, ' PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRaDE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 1.200 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 12.000 
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./Ft.--Sw = 0.037 

Gutter Depression-Inches-- - - 1.998 
Manning's IN = 0.016 

Flow-CFS--Q = 8.300 \ * Y P  , 
SPREAD-Ft. --T = 14.475-14,-7~ 

Average Velocity-V-fps = 3.660 

FLOW in Gutter-CFS--Q = 5.695 
% Flow in Gutter-CFS = 68.612 

Velocity of Flow in Gutter-fps = 4.476 
Depth at Curb Line-Inches--d = 4.392 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 1.347 
Local Gutter Depression-Inches = 0.000 

Length of opening: TOTAL Intercept--Ft. = 54.832 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q ( S  .D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- RA 
HIGHWAY NAME- 
LOCATION - NH)L ts s - i 6 G  R+ 
Ver 3 .4 0 : DecemberR19% 

TRACS NO. - 
DESIGNER - 
CHECKER. - 

11-10-2004 

3s2 
:, :i > I,( .. PAGE 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 1.200 
Roadway Cross-Slope-Ft./~t.--Sx = 0.020 

Shoulder Width-Ft.-- = 12.000 
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./~t.--Sw = 0.037 

Gutter Depression-Inches-- = 1.998 
Manning's IN = 0.016 

Flow-CFS--Q = 11.500- wyc 
SPREAD-Ft . --T = 16.586 -27 ~ " f i  

Average Velocity-V-fps = 3.934 

FLOW in Gutter-CFS--Q = 7.154 
% Flow in Gutter-CFS = 62.204 

Velocity of Flow in Gutter-fps = 4.892 
Depth at Curb Line-Inches--d = 4.899 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 3.033 
Local Gutter Depression-Inches = 0.000 

Length of opening: TOTAL Intercept--Ft. = 64.215 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q ( S  .D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- K.fi 
HIGHWAY NAME- 

- 

LOCATION - ~ 1 . ~ 6  IZLL-ffO ??& 
Ver 3.40: December 1995 

TRACS NO. - 
DESIGNER - 
CHECKER - 

* SR 
AJDV PAGE 

SLOTTED DRAIN W/ GRATE--IN SUMP 

GUTTER FLOW HYDRAULICS 

GUTTER DESCRIPTION 

Roadway Cross-Slope-Ft./Ft.--Sx = 0.037 
Shoulder Width-Ft.-- = 10.000 

Shoulder Slope-Ft./Ft.--Ss = 0.037 
Gutter Width-Ft.--W = 4.500 

Gutter Slope-Ft./Ft.--Sw = 0.037 
Gutter Depression-Inches-- = 1.998 

GRATE TYPE: ADOT STD.--C15.92 
Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Effective Perimeter--Ft. = 7.350 

Capture Ratio - -  GRATE = 0.500 
Capture Ratio - -  SLOTTED DRAIN = 0.500 

Local Gutter Depression-Inches = 0.000 

LENGTH Q(S1ot. Dn) Q (Grate) d (inches) SPREAD, Ft . 
- - - - - -  - - - - - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - - - - -  
5.000 1.608 2.991 5.666 12.761 

10.000 2.611 1.989 4.466 10.058 
15.000 3.093 1.507 3.816 8.594 
20.000 3.404 1.195 3.358 7.562 
25.000 3.620 0.979 3.015 6.790 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- EM -- TRACS NO. - 
HIGHWAY NAME- 

! 

SLOTTED DRAIN W/ GRATE--IN SUMP 

GUTTER FLOW HYDRAULICS 

GUTTER DESCRIPTION 

Roadway Cross-Slope-Ft./Ft.--Sx = 0.037 
Shoulder Width-Ft.-- = 10.000 

Shoulder Slope-Ft./Ft.--Ss = 0.037 
Gutter Width-Ft . --W = 4.500 

Gutter Slope-Ft./~t.--Sw = 0.037 
Gutter Depression-Inches-- = 1.998 

GRATE TYPE: ADOT STD.--C15.92 
Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Effective Perimeter--Ft. = 7.350 

Capture Ratio - -  GRATE = 0.500 
Capture Ratio - -  SLOTTED DRAIN = 0.500 

Local Gutter Depression-Inches = 0.000 

LENGTH Q(S1ot. Dn) Q (Grate) d (inches) SPREAD, Ft . 
- - - - - -  - - - - - - - - - -  - - - - - - - -  ---1---.-- - - - - - - - - - -  
5.000 1.870 4.929 7.656 17.244 

10.000 3.355 3.444 6.163 13.880 
15.000 4.478 2.322 4.883 10.998 
20.000 4.936 1.863 4.301 9.688 
25.000 5.256 1.542 3.865 8.706 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- Rm . .- , 
HIGHWAY NAME- 
LOCATION - f i L r : i 3  \269tSa P+ 
Ver 3.40: December 1995 

TRACS NO 
DESIGNER 
CHECKER 

j isP 
A,$l>.i,f PAGE - 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.554 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.050 

Shoulder Width-Ft.-- = 12.000 
Shoulder Slope-Ft./Ft.--Ss = 0.050 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./~t.--Sw = 0.037 

Gutter Depression-Inches-- = 1.998 
Manning's IN = 0.016 

Flow-CFS--Q = 4 .I00 - 'U ,~ r  
SPREAD-Ft.--T = 8.180- 18-h~ 

Average Velocity-V-fps = 2.660 

FLOW in Gutter-CFS--Q = 3.529 
% Flow in Gutter-CFS = 86.076 

Velocity of Flow in Gutter-fps = 2.934 
Depth at Curb Line-Inches--d = 4 -206 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.92/ 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 2.924 
Local Gutter Depression-Inches = O.OOO/ 

Length of opening: TOTAL Intercept--Ft. = 28.618 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D.) Q(GRATE) Q(1NT.) Q(By-Pass) %CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - -  
5.000 0.292 1.198 1.826 3.024 1.076 73.75 
10.000 0.539 2.209 1.317 3.526 0.574 86.00* 

0.737 3.023 0.848 3.871 0.229 94.41 
0.885 3.627 0.435 4.062 0.038 99.08 
0.976 4.001 0.099 4.100 0.000 100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

11-10-2004 
PROJECT NAME- flfl TRACS NO. - 
HIGHWAY NAME- DESIGNER - RSp 
LOCATION - ni. E \ 3  1269tSQ A& CHECKER - , : PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.554 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.050 

Shoulder Width-Ft. - -  = 12.000 
Shoulder Slope-Ft./~t.--Ss = 0.050 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./Ft.--Sw = 0.037 

Gutter Depression-Inches-- - - 1.998 
Manning's IN = 0.016 

Flow-CFS--Q = 5.700 -.guy[ 
SPREAD-Ft . --T = 9.150 - 2Yt-\p 

Average Velocity-V-fps = 2.906 

FLOW in Gutter-CFS--Q = 4.635 
% Flow inGutter-CFS = 81.320 

Velocity of Flow in Gutter-fps = 3.262 
Depth at Curb Line-Inches--d = 4.788 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.92/ 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 
Local Gutter Depression-Inches = 0.000 023 /' 

Length of opening: TOTAL Intercept--Ft. = 32.555 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D.) Q(GRATE) Q(INT.1 Q(By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - - - - - - - - - - - -  - - - - - - -  
5.000 0.259 1.478 2.416 3.894 1.806 68.32 
10.000 0.483 2.756 1.846 4.601 1.099 80.73- 
15.000 0.671 3.825 1.309 5.133 0.567 90.06 
20.000 0.820 4.674 0.816 5.490 0.210 
25.000 0.928 5.289 0.387 5.676 0.024 99. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

03-14-2005  
PROJECT NAME- a& TRACS NO. - 
HIGHWAY NAME- DESIGNER - 2 % ~  . Wf, 

LOCATION - n ~ m  1237  +so CHECKER - . , (,;,I:;, PAGE 8 .- >- 

Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 1.100 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.050 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.050 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./Ft.--Sw = 0.037 

Gutter Depression-Inches-- = 1.998 
Manning's IN  = 0.016 

Flow-CFS--Q = 4.700-10~2, 
SPREAD-Ft . --T = 7.636 -\Q.*..h+ 

Average Velocity-V-fps = 3 -545 

FLOW in Gutter-CFS--Q = 4.175 
% Flow in Gutter-CFS = 88.833 

Velocity of Flow in Gutter-fps = 3.865 
Depth at Curb Line-Inches--d = 3.879 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.92 4' 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 2.260 
Local Gutter Depression-Inches = 0. OOOH 

Length of opening: TOTAL Intercept--Ft. = 37.441 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D.) Q(GRATE) Q(1NT.) Q(By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - A - - - - - - - - -  - - - - - - - - - -  - - - - - - - 
5.000 0.227 1.069 2.217 3.286 1.414 69.92 
10 .OOO 0.428 2.013 1.768 3.781 0.919 80.45 

0.602 2.830 1.341 4.171 0.529 88.73- z:::: 0.747 3.512 0.942 4.453 0.247 94.75 
25.000 0.862 4.053 0.582 4.635 0.065 98.62 
30.000 0.945 4.444 0.255 4.699 0.001 99.98 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

03-14-2005 
PROJECT NAME- \{/ul TRACS NO. - 
HIGHWAY NAME- DESIGNER - ,zsp 
LOCATION -1r)cE13 i277t.50 CHECKER - >,' < f  PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 1.100 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.050 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.050 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./Ft.--Sw = 0.037 

Gutter Depression-Inches-- = 1.998 
Manning's ' N  = 0.016 

Flow-CFS--Q = 6.500-6Qy0 
SPREAD-Ft.--T = 8.512 - 2  ~'-4tt 

Average Velocity-V-fps = 3.869 

FLOW in Gutter-CFS--Q = 5.487 - 5 0  Y r  
% Flow in Gutter-CFS = 84.419~29 

Velocity of Flow in Gutter-fps = 4.296 
Depth at Curb Line-Inches--d = 4.405 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT S T D . - - C I ~ . ~ ~ ~  

Grate Length--Ft . = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 1.285 
Local Gutter Depression-Inches = O.OOO/ 

Length of opening: TOTAL Intercept--Ft. = 42.523 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH 
- - - - - -  
5.000 
10.000 
15.000 
20.000 
25.000 
30.000 

Efficiency 
- - - - - - - - - -  
0.202 
0.383 
0.543 
0.681 
0.797 
0.889 

Q (S .D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 
- - - - - - -  - -  - - - - - -  - - - - - - - - - -  - - - - - - - 
1.310 2.890 4.200 2.300 64.62 
2.488 2.389 4.877 1.623 75.03 
3.529 1.907 5.437 1.063 83.64+ 
4.429 1.450 5.879 0.621 
5.182 1.022 6.204 0.296 
5.780 0.633 6.413 0.087 

;::a 
98.66 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

03-14-2005 
PROJECT NAME- Rm TRACS NO. - 
HIGHWAY NAME- DESIGNER - Psp 
LOCAT ION - N + L E @  t 2 6 q 4 4 0  \? T CHECKER - u'04- PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 2.216 
Roadway Cross-Slope-Ft./~t.--Sx = 0.050 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.050 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./~t.--Sw = 0.037 

Gutter Depression-Inches-- = 1.998 
Manning's 'N = 0.016 

Flow-CFS--Q = 5.300'~',7 * 
SPREAD-Ft.--T = 7.080 -10 -'"x 

Average Velocity-V-fps = 4.726 

FLOW in Gutter-CFS--Q = 4.857 
% Flow in Gutter-CFS = 91.645 

Velocity of Flow in Gutter-fps = 5.086 
Depth at Curb Line-Inches--d = 3.546 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.92 f 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 1.892 , 
Local Gutter Depression-Inches = 0.000 

Length of opening: TOTAL Intercept--Ft. = 48.868 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH . Efficiency Q (S . D. ) 
- - - - - -  - - - - - - - - - -  - - - - - - - 
5.000 0.177 0.936 
10.000 0.338 1.790 

0.483 2.561 
0.612 3.245 
0.725 3.841 

30.000 0.820 4.344 

Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 
- - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - - 
2.673 3.608 1.692 68.08 
2.270 4.060 1.240 76.60 
1.881 4.442 0.858 83.81 
1.509 4.754 0.546 89.71- 
1.156 4.997 0.303 94.27 
0.830 5.175 0.125 97.63 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

03-14-2005 
PROJECT NAME- e~ T ~ C S  NO. - 
HIGHWAY NAME- DESIGNER - i( S@ 
LOCATION - \ 2 $ & \ 4 9 0  'c-+ CHECKER - A.,.**C>.!J- PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 2.216 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.050 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.050 

Gutter Width-Ft . --W = 4.500 
Gutter Slope-Ft./Ft.--Sw = 0.037 

Gutter Depression-Inches-- - - 1.998 
Manning's 'N = 0.016 

Flow-CFS--Q = 7.700-5Q~' 
SPREAD-Ft.--T = 8.009 - 

Average Velocity-V-fps = 5.231 

FLOW in Gutter-CFS--Q = 6.694 
% Flow in Gutter-CFS = 86.939 

Velocity of Flow in Gutter-fps = 5.750 
Depth at Curb Line-Inches--d = 4.104 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.92 - 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 1.845/ 
Local Gutter Depression-Inches = 0.000 

Length of opening: TOTAL Intercept--Ft. = 56.624 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S .D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  -----a- - - - - - - - -  - - - - - - -  - - - - - - - - - -  - - - - - - -  
5.000 0.153 1.180 3.599 4.780 2.920 62.07 
10.000 0.295 2.273 3.143. 5.416 2.284 70.34 
15.000 0.425 3.275 2.700 5.975 1.725 77.60 
20.000 0.544 4.185 2.272 6.457 1.243 
25.000 0.650 5.002 1.860 6.861 0.839 89.1 
30.000 0.743 5.720 1.466 7.187 0.513 

83 93.34 .8(r 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

03-14-2005 
PROJECT NAME- PM TRACS NO. - 
HIGHWAY NAME- DESIGNER - ~ s R  
LOCATI ON - / n ~  %I3 124 1 4 7  1 k+ CHECKER - fi./p (f PAGE 
Ver 3.40: December 1995 

SLOTTED DRA.IN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 2.960 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.050 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.050 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./Ft.--Sw = 0.037 

Gutter Depression-Inches-- = 1.998 
Manning's IN = 0.016 

Flow-CFS--Q = 6.800"10yr 
SPREAD-Ft . --T = 7.326 - t O " a \ p  

Average Velocity-V-fps = 5.620 

FLOW in Gutter-CFS--Q = 6.148 
% Flow in Gutter-CFS = 90.407 

Velocity of Flow in Gutter-fps = 6.084 
Depth at Curb Line-Inches--d = 3.693 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.92 r 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 2.260 
Local Gutter Depression-Inches = 0.000, 

Length of opening: TOTAL Intercept--Ft. = 59.034 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D.) Q (GRATE) Q(1NT.) Q(By-Pass) % CAPT. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

03-14-2005 
PROJECT NAME- R f i  TRACS NO. - 
HIGHWAY NAME- DESIGNER - RsB 
LOCATION - EQ r2qbb71 K+ CHECKER - /,Q\f PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 2.960 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.050 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.050 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./Ft.--Sw = 0.037 

Gutter Depression-Inches-- - - 1.998 
Manning's IN = 0.016 

Flow-CFS--Q = 9. 9 0 0 ~ ~ ~ ; o ~ '  
SPREAD-Ft.--T = 8.301 - ~ Q " ' Y .  

Average Velocity-V-fps = 6.222 

FLOW in Gutter-CFS--Q = 8.462 
% Flow in Gutter-CFS = 85 -470 

Velocity of Flow in Gutter-fps = 6.880 
Depth at Curb Line-Inches--d = 4.279 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.92 / 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 2.260 
Local Gutter Depression-Inches = 0.000 4 

Length of opening: TOTAL Intercept--Ft. = 68.435 
Capture Ratio -- SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S .D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - -  - - - - - - - - - -  - - - - - - -  
5.000 0.128 1.264 4.545 5.808 4.092 58.67 
10 -000 0.247 2.450 4.077 6.528 3.372 65.94 
15.000 0.359 3.558 3.621 7.179 2.721 72.51 
20.000 0.463 4.586 3.175 7.761 2.139 
25.000 0.559 5.532 2.742 8.275 1.625 
30.000 0.646 6.395 2.323 8.719 1.181 88.07 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- nfl 

HIGHWAY NAME- 
LOCATION - M L  La 1% o.\+:%o R +  
Ver 3.40: December 1995 

TRACS NO 
DESIGNER 
CHECKER 

~s n, 
! ;> ... > ,- /- 

4.. ..* PAGE 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 
Roadway Cross-Slope-Ft./~t.--Sx = 

Shoulder Width-Ft.-- = 
Shoulder Slope-Ft./Ft.--Ss = 

Gutter Width-Ft.--W = 
Gutter Slope-Ft./Ft.--Sw = 

Gutter Depression-Inches-- - - 
Manning's IN = 

Flow-CFS--Q = 5.800 -1oYr 
SPREAD-Ft.--T = 7.788 - lbl--ad 

Average Velocity-V-fps = 5.226 

FLOW in Gutter-CFS--Q = 4.127 
% Flow in Gutter-CFS = 71.152 

Velocity of Flow in Gutter-fps = 6.379 
Depth at Curb Line-Inches--d = 4.110 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91, 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 4.817 
Local Gutter Depression-Inches = 1.000 

Length of opening: TOTAL Intercept--Ft. = 32.817 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D.1 Q(GRATE) Q (INT.) Q(B~-pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - - - - - - - - - - - - - - - - -  - - - - - - - - - -  - - - - - - -  
5.000 0.257 1.493 3.585 5.077 0.723 87.54- 
10.000 0.480 2.785 2.744 5.529 0.271 95.33 
15.000 0.667 3.868 1.885 5.753 0.047 99.19 

a 20 -000 0.816 4.732 1.068 5.800 0.000 100.00 
25.000 0.924 5.362 0.438 5.800 0.000 100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

IL-UY-LUU4 

PROJECT NAME- g//r TRACS NO. - -- 

HI GHWAY NAME - 
LOCATION - P/3 1%0l 
Ver 3.40: December 1995 

DESIGNER - J ? ~ R  
I t30 R+ CHECKJ3R - j v PAGE 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 2.725 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.033 

Shoulder Width-Ft.-- = 8.000 
Shoulder Slope-Ft./Ft.--Ss = 0.033 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- - - 2.010 
Manning's 'N = 0.016 

Flow-CFS--Q = 8.000-Soy; 
SPRl?tm-Ft.--T = 8.942 -z7'L --F 

Average Velocity-V-fps = 5.597 

FLOW in Gutter-CFS--Q = 5.167 
% Flow in Gutter-CFS = 64.592 

Velocity of Flow in Gutter-fps = 6.960 
Depth at Curb Line-Inches--d = 4.569 

SLOTTED DRAIN-,-ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91' 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 5.315 
Local Gutter Depression-Inches = 1.000- 

Length of opening: TOTAL Intercept--Ft. = 38.923 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D.) Q(GRATE) Q(1NT.) Q(By-Pass) 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - -  - - - -_ - - - - -  
5.000 0.219 1.754 4.637 6.391 1.609 
10.000 0.414 3.312 3 -807 7.120 0.880 
15.000 0.584 4.669 2.965 7.633 0.367 
20,000 0.727 5.816 2.103 7.918 0.082 
25.000 0.843 6.743 1.255 7.997 0.003 

% CAPT. 
- - - - - -,- 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

*ME- Rm 
HIGHWAY NAME- 
LOCATION - ; . . \30f ; tq\  8.t 
Ver 3.40:  Decg&:?1995 

TRACS NO 
DESIGNER 
CHECKER 

RS A , . "', . / ,u , . ,... PAGE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 
Roadway Cross-Slope-Ft./~t.--Sx = 

Shoulder Width-Ft.-- = 
Shoulder Slope-Ft./~t.--Ss = 

Gutter Width-Ft.--W = 
Gutter Slope-Ft./~t.--Sw = 

Gutter Depression-Inches-- = 
Manning's IN = 

Flow-CFS--Q = 7 .300- \0>  c 
SPREAD-Ft. --T = 12 .990-  1 b ' m V  

Average Velocity-V-fps = 3.980 

FLOW in Gutter-CFS--Q = 3 .872  
% Flow in Gutter-CFS = 53.035 

Velocity of Flow in Gutter-fps = 5 .275  
Depth at Curb Line-Inches--d = 4.528 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91 ' 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2 .000  

Grate Area--Sq. Ft. = 5 . 1 7 1  
Splash-Over Velocity--FPS = 7 .354  

Depth at INLET Curb Line-Inches--d = 5.338 
Local Gutter Depression-Inches = 1 . 0 . 0 0 ~  . 

Length of opening: TOTAL Intercept--Ft. = 35.205 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S .D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - - - - - - - - - - - - - - - - -  - - - - - - - - - -  - - - - - - - 

5 .000 0 . 2 4 1  1 .759  3 .674 5 .433  1 .867  74 .43  . 

10 .000 0.452 3 .300 . 3 .013 6 .313  0 .987 86.48 -'. 
0 .632 4.613 2 .319 6 .932  0 .368 94.95 ,, 

0 .779 5 .689 1 . 5 6 1  7 .250  0 .050 99 .32  
0.892 6.514 0.786 7.300 0 .000 100,004---- 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- RP\ 
HIGHWAY NAME- 
LOCATION -,&I- tf i 130;C..)q\ \l.t 
Ver 3.40: December 1995 

TRACS NO 
DESIGNER 
CHECKER 

12-09-2004 

Rsa 
. L!. .I. PAGE 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 
Roadway Cross-Slope-Ft./~t.--Sx = 

Shoulder Width-Ft.-- = 
Shoulder Slope-Ft./Ft.--Ss = 

Gutter Width-Ft.--W = 
Gutter Slope-Ft./~t.--Sw = 

Gutter Depression-Inches-- = 
Manning's IN = 

Flow-CFS--Q = 10.800-SOyo 
SPREAD-Ft.--T = 15.330-22'--,~~ 

Average Velocity-V-fps = 4.325 

FLOW in Gutter-CFS--Q = 4.935 
% Flow in Gutter-CFS = 45.693 

Velocity of Flow in Gutter-fps = 5.800 
Depth at Curb Line-Inches--d = 5.089 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91 / 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 5.931 
Local Gutter Depression-Inches = 1.000-- 

Length of opening: TOTAL Intercept--Ft. = 44.347 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S.D. ) Q(GRATE) Q (INT. ) Q (By-Pass) % CAPT. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- $?PI 
HIGHWAY NAME- 
LOCATION - P L  f i . ~  \ 3 0 6 i 3 3  R+ 
Ver 3.40: December 1995 

TRACS NO 
DESIGNER 
CHECKER 

J 5R 
fit*.. if'. PAGE 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 
Roadway Cross-Slope-Ft./Ft.--Sx = 

Shoulder Width-Ft.-- = 
Shoulder Slope-Ft./Ft.--Ss = 

Gutter Width-Ft . --W = 
Gutter Slope-Ft . /Ft . --Sw = 

Gutter Depression-Inches-- = 
Manning's IN = 

Flow-CFS--Q = 0.600-\~j' 
SPREAD-~t.--T = 4.870- ~d*br 

Average Velocity-V-fps = 2.585 

FLOW in Gutter-CFS--Q = 0.598 
% Flow in Gutter-CFS = 99.616 

Velocity of Flow in Gutter-fps = 2.659 
Depth at Curb Line-Inches--d = 2.084 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT ~~~.--~15.91' 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 2.428 
Local Gutter Depression-Inches = 1.000' 

Length of opening: TOTAL Intercept--Ft. = 9.707 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q ( S  .D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- R f l  
HIGHWAY NAME- 

- --- 

LOCATION - r ~ l ~ k &  jaobt '33 R+ 
Ver 3.40: December 1995 

TRACS N0.- 
DESIGNER - 
CHECKER - h/sJ' PAGE 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 
Roadway Cross-Slope-Ft./~t.--SX = 

Shoulder Width-Ft.-- = 
Shoulder Slope-~t./~t.--SS = 

Gutter Width-Ft.--W = 
Gutter Slope-Ft./~t.--Sw = 

Gutter Depression-Inches-- = 
Manning's IN = 

Flow-CFS--Q = l.l00*~Q~ 
SPREAD-Ft. --T = 15.854 

Average Velocity-V-fps = 2.083 

FLOW in Gutter-CFS--Q = 0.889 
% Flow in Gutter-CFS = 80.815 

Velocity of Flow in Gutter-fps = 3.001 
Depth at Curb Line-Inches--d = 2.427 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91 - 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 3.048 
Local Gutter Depression-Inches = 1.000,- 

Length of opening: TOTAL Intercept--Ft. = 12.523 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D. ) Q(GRATE) Q(1NT.) Q (By-Pass) % CAPT. 



APPENDIX D 

CATCH BASIN DESIGN 

Westbound Main Line Catch Basin Calculations 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- RA 
HIGHWAY NAME- 
LOCAT I ON - &+ \obOt67 L f 
Ver 3.40: December 1995 

TRACS NO 
DESIGNER 
CHECKER 

RS c( 
./LID\/ PAGE 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 2.749 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.050 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./~t.--Ss = 0.050 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./Ft.--Sw = 0.050 

Gutter Depression-Inches-- = 2.700 
Manning's IN = 0.016 

Flow-CFS--Q = 10.600-N./ t 
SPREAD-Ft.--T = 8 -152 - 1%'--x 

Average Velocity-V-fps = 6.381 

FLOW in Gutter-CFS--Q = 9.355 
% Flow in Gutter-CFS = 88.251 

Velocity of Flow in Gutter-fps = 7.045 
Depth at Curb Line-Inches--d = 4.891 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.92.' 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 3.327 
Local Gutter Depression-Inches = O.OOO/ 

Length of opening: TOTAL Intercept--Ft. = 59.240 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S .D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- R/v) 
HIGHWAY NAME- 
LOCATION - ,&L Lrn I074 -t 50 L + 
Ver 3.40: December 1995 

TRACS NO 
DESIGNER 
CHECKER A/*V PAGE 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.231 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./Ft.--Sw = 0.020 

Gutter Depression-Inches-- = 1.080 
Manning's IN = 0.016 

Flow-CFS--Q = 0.700- tovr 
SPREAD-Ft.--T = 8.297 - 1 8 ' e a A  

Average Velocity-V-fps = 1.017 

FLOW in Gutter-CFS--Q = 0.613 
% Flow inGutter-CFS = 87.572 

Velocity of Flow in  utter-fps = 1.126 
Depth at Curb Line-Inches--d = 1.991 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.92 / 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 0.864 
Local Gutter Depression.-Inches = 0.000 I: 

Length of opening: TOTAL Intercept--Ft. = 15.604 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S .D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- R A  
HIGHWAY NAME-, 
LOCATION - h L  WR l096-t4 I 
Ver 3.40: December 1995 

TRACS NO 
DESIGNER 
CHECKER 

85/C 
~ P f 7  kf PAGE 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.352 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 8.000 
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./~t.--Sw = 0.067 

Gutter Depression-Inches-- - - 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 5.800' ' O Y '  
SPREAD-Ft. --T = 16.187 16 ' 

Average Velocity-V-fps = 2.096 

FLOW in Gutter-CFS--Q = 2.519 
% Flow in Gutter-CFS = 43.430 

Velocity of Flow in Gutter-fps = 2.819 
Depth at Curb Line-Inches--d = 5.295 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 6.146 
Local Gutter Depression-Inches = 1.000' 

Length of opening: TOTAL Intercept--Ft. = 22.220 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency 
- - - - - -  - - - - - - - - - -  
5.000 0.368 
10.000 0.659 
15.000 0.868 
20 .OOO 0.984 
25.000 1.000 
30.000 1.000 

Q (INT. ) Q (By-Pass) 
- - - - - - - - - - - - - - - - -  
4.531 1.269 
5.432 0.368 
5.789 0.011 
5.800 0.000 
5.800 0.000 
5.800 0.000 

% CAPT. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

09-27-2004 
PROJECT NAME- RM TRACS NO. - 
HIGHWAY NAME- DESIGNER - \?sI? 
LOCATION - M t  L S ~  10'?6+41 CHECKER - )JB/ PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.352 
Roadway Cross-Slope-Ft./~t.--SX = 0.020 

Shoulder Width-Ft.-- = 8.000 
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- - - 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 8.000 - Cuyf 
SPREAD-Ft . --T = 18.449 - ~ z ' - - ~ - r  

Average Velocity-V-fps = 2.253 

FLOW in Gutter-CFS--Q = 3.066 
% FlowinGutter-CFS = 38.323 

Velocity of Flow in Gutter-fps = 3.045 
Depth at Curb Line-Inches--d = 5.838 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 6.709 
Local Gutter Depression-Inches = 1.000, 

Length of opening: TOTAL Intercept--Ft. = 26.810 
Capture Ratio --  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D.) 
- - - - - -  - - - - - - - - - -  - - - - - - -  
5.000 0.310 2.483 
10.000 0.568 4.547 
15.000 0.771 6.171 
20.000 0.915 7.321 
25.000 0.992 7.937 
30.000 1.000 8.000 

Q (GRATE) Q (INT . ) Q (By-Pass) % CAPT . 
- - - - - - - -  - - - - - - -  - - - - - - - - - -  - m e - - - -  

3.064 5.546 2.454 69.33 
2.310 6.857 1.143 85.71 
1.521 7.692 0.308 96.16+ 
0.674 7.995 0.005 
0.063 8.000 0.000 100. 
0.000 8.000 0.000 

99-m 
300.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

04-20-2005 
PROJECT NAME- R f l  TRACS NO. - 
HIGHWAY NAME- DESIGNER - RsR 
LOCATION - MLWR 1043 +va,90 CHECKER - flDd PAGE 
Ver 3.40: December 1995 

I 

SLOTTED DRAIN W/ GRATE--IN SUMP 

GUTTER FLOW HYDRAULICS 

GUTTER' DESCRIPTION 

Roadway cross-slope-Ft./Ft.--SX = 0.020 
Shoulder Width-Ft.-- = 10.000 

Shoulder Slope-Ft./Ft.--Ss = 0.020 
Gutter Width-Ft.--W = 2.500 

Gutter Slope-Ft./Ft.--Sw = 0.067 
Gutter Depression-Inches-- - - 2.010 

GMTE TYPE: ADOT STD.--C15.91 
Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Effective Perimeter--Ft. = 7.354 

Capture Ratio - -  GRATE = 0.500 
Capture Ratio - -  SLOTTED DRAIN = 0.500 

Local Gutter Depression-Inches = 1.000 

LENGTH Q(S1ot. Dn) Q (Grate) d (inches) SPREAD, Ft . 
- - - - - -  - - - - - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - - - - -  
5.000 ' 1.236 1.165 3.306 7.900 ~--(6'+ 

10.000 1.738 0.664 2.404 4.143 
15.000 1.979 0.419 1.833 2.280 
20.000 2.101 0.299 1.434 1.784 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

TRACS NO. - 

SLOTTED DRAIN W/ GRATE--IN SUMP 

GUTTER FLOW HYDRAULICS 

GUTTER DESCRIPTION 

Roadway Cross-Slope-~t./~t.--Sx = 0.020 
Shoulder Width-Ft.-- = 10.000 

Shoulder Slope-Ft./Ft.--Ss = 0.020 
Gutter Width-Ft.--W = 2.500 

Gutter Slope-Ft./Ft.--Sw = 0.067 
Gutter Depression-Inches-- - - 2.010 

GRATE TYPE: ADOT STD.--C15.91 
Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Effective Perimeter--Ft. = 7.354 

Capture Ratio - -  GRATE = 0.500 
Capture Ratio - -  SLOTTED DRAIN = 0.500 

Local Gutter Depression-Inches = 1.000 

LENGTH Q(S1ot. Dn) Q (Grate) d (inches) SPREAD, Ft . 
- - - - - - - - - - - - - - - -  - - - - - - - -  - - - - - - - - -  - - - - - - - - - -  
5.000 1.619 2.181 4.741 13. 880*z1-'+ 

10.000 2.567 1.234 3.416 8.356 
15.000 2.975 0.824 2.718 5.451 
20.000 3 -215 0.583 2.232 3.426 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- RM 
HIGHWAY NAME- 
LOCATION - M A  ~a I O ~ I B - ~ Y S  L+ 
Ver 3.40: December 1995 

TRACS NO 
DESIGNER 
CHECKER 

R 5 R  bun# PAGE 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.284 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- = 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 3.500 - IOYV 
SPREAD-Ft.--T = 13.711-t6'4h~ 

Average Velocity-V-fps = 1.727 

FLOW in Gutter-CFS--Q = 1.770 
% Flow in Gutter-CFS = 50.570 

Velocity of Flow in Gutter-fps = 2.299 
Depth at Curb Line-Inches--d = 4.701 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91/ 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 5.522 
Local Gutter Depression-Inches = 1.000" 

Length of opening: TOTAL Intercept--Ft. = 15.754 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S .D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

03-23-2005  
PROJECT NAME- ufl TRACS NO. - 
HIGHWAY NAME- DESIGNER - ~ s R  
LOCATION - M t  w Q  l 0qBt  YS L+ CHECKER - ' dnt$ PAGE 
Ver 3 . 4 0 :  December 1 9 9 5  

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0 . 2 8 4  
Roadway Cross-Slope-Ft./Ft.--Sx = 0 . 0 2 0  

Shoulder Width-Ft.-- = 1 0 . 0 0 0  
Shoulder Slope-Ft./Ft.--Ss = 0 . 0 2 0  

Gutter Width-Ft.--W = 2 . 5 0 0  
Gutter Slope-Ft./Ft.--Sw = 0 .067  

Gutter Depression-Inches-- - - 2 . 0 1 0  
Manning's IN = 0 . 0 1 6  

Flow-CFS--Q = 5 . 2 0 0 - B y r  
SPREAD-F~. - - T  = 1 6 . 1 7 8  - 22'--4r 

Average Velocity-V-fps = 1 . 8 8 1  

FLOW in Gutter-CFS--Q = 2 . 2 5 9  
% Flow in Gutter-CFS = 4 3 . 4 4 8  

Velocity of Flow in Gutter-fps = 2 . 5 2 9  
Depth at Curb Line-Inches--d = 5 . 2 9 3  

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91, 

Grate Length--Ft. = 3 . 3 5 4  
Grate Width---Ft. = 2 . 0 0 0  

Grate Area--Sq. Ft. = 5 . 1 7 1  
Splash-Over Velocity--FPS = 7 . 3 5 4  

Depth at INLET Curb Line-Inches--d = 6 . 1 4 5  
Local Gutter Depression-Inches = 1 . 0 0 0 /  

Length of opening: TOTAL Intercept--Ft. = 1 9 . 8 8 8  
Capture Ratio - -  SLOTTED DRAIN = 0 . 6 7 0  

Capture Ratio - -  GRATE = 0 . 5 0 0  

LENGTH Efficiency Q (S .D. ) Q (GRATE) Q (INT. ) Q (BY-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - -  - - - - - - - - - -  - - - - - - -  

5 . 0 0 0  0 . 4 0 6  2 . 1 1 2  2 . 1 2 2  4 . 2 3 5  0 . 9 6 5  8 1 . 4 3  
1 0 . 0 0 0  0 . 7 1 6  3 . 7 2 2  1 . 2 8 8  5 . 0 0 9  0 . 1 9 1  9 6 . 3 4 b  
1 5 . 0 0 0  0 . 9 2 0  4 .784  0 . 4 1 6  5 . 2 0 0  0 . 0 0 0  1 0 0 . 0 0  
2 0 . 0 0 0  1 . 0 0 0  5 . 2 0 0  0 . 0 0 0  5 . 2 0 0  0 . 0 0 0  
2 5 . 0 0 0  1 . 0 0 0  5 . 2 0 0  0 . 0 0 0  5 . 2 0 0  0 . 0 0 0  1 0 0 .  



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

03 -23-2005  
PROJECT NAME- @& TRACS NO. - 
HIGHWAY NAME - DESIGNER - 25R 
LOCATION - M L  \ \O\' \SB L t  CHECKER - ~ D V  PAGE 
Ver 3 . 4 0 :  ~ecember 1995  

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.284 
Roadway Cross-Slope-Ft./Ft.--Sx = 0 .020  

Shoulder Width-Ft.-- = 10 .000  
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- = 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 3.900-@yr 
s~READ-F~. - -T = 14.354 -tbt-c+.r 

Average velocity-V-fps = 1 . 7 6 7  

FLOW in Gutter-CFS--Q = 1.893 
% Flow in Gutter-CFS = 48 .531  

Velocity of Flow in Gutter-fps = 2.360 
Depth at Curb Line-Inches--d = 4.855 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91/ 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2 .000  

Grate Area--Sq. Ft. = 5 . 1 7 1  
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 5.685 
Local Gutter Depression-Inches = 1.000 ' 

Length of opening: TOTAL Intercept--Ft. = 16.792 
Capture Ratio - - SLOTTED DRAIN = 0.670 

. Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D.) Q(GRATE) Q(1NT.) Q(By-Pass) %CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - - - - - - - - - - - -  - - - - - - - 

5.000 0 .471  1 .836  1 . 6 3 1  3  - 4 6 7  0.433 88.90 - 
10.000  0.804 3 .135  0.750 3 .885 0.015 99.62 

0 .982 3 . 8 3 1  0 .069 3 .900  0 .000 100.00 
1 .000  3 .900  0.000 3 .900  0 .000 100.00 

25.000 1 . 0 0 0  3 .900  0.000 3 .900  0 .000  100 .00  



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

03-23-2005 
PROJECT NAME- R f l  TRACS NO. - 
HIGHWAY NAME- DESIGNER - Qs? 
LOCATION - AL w a  r\ortso L+- CHECKER - N ~ ~ "  PAGE - 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.284 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- = 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 5.400 - S V y ~  
SPREAD-Ft.--T = 1 6 . 4 3 1 - ~ 2 ' ~ %  

Average Velocity-V-fps = 1.897 

FLOW in Gutter-CFS--Q = 2.312 
% Flow in Gutter-CFS = 42.818 

Velocity of Flow in Gutter-fps = 2.552 
Depth at Curb Line-Inches--d = 5.353 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91- 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 6.208 
Local Gutter Depression-Inches = 1 . 0 0 0 ~  

Length of opening: TOTAL Intercept--Ft. = 20.333 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S .D. ) Q (GRATE) Q(1NT. ) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - - - - - - - - - - - -  - - - - - - -  
5.000 0.398 2.151 2.191 4.342 1.058 80.42 +- 

10.000 0.704 3.803 1.362 5.166 0.234 95.66 
15.000 0.910 4.915 0.484 5.399 0.001 99.98 
20.000 0.999 5.397 0.003 5.400 0.000 
25.000 1.000 5.400 0.000 5.400 0.000 100. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- R//1 
HIGHWAY NAME- 
LOCATION - n ~  L ~ B  riot3too LT 
Ver 3.40': December 1995 

TRACS NO. - 
DESIGNER - 
CHECKER - 

175 R 
hjDf PAGE 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 
Roadway Cross-Slope-Ft./Ft.--Sx = 

Shoulder Width-Ft.-- = 
Shoulder Slope-Ft./Ft.--Ss = 

Gutter Width-Ft.--W = 
Gutter Slope-Ft./Ft.--Sw = 

Gutter Depression-Inches-- = 
Manning's IN = 

Flow-CFS- -Q = 1.000-lorr I 
SPREAD-Ft.--T = 6.873 - ,.@ - --*,v 

Average Velocity-V-fps = 1.615 

FLOW in Gutter-CFS--Q = 0.830 
% Flow in Gutter-CFS = 82.968 

Velocity of Flow in Gutter-fps = 1.938 
Depth at Curb Line-Inches--d = 3.059 

GRATE TYPE: ADOT STD.--C15.91 

Grate Length--Ft. = 3.354 
Grate Width- --Ft . = 2.000 

Grate Area--Sq. Ft. = 5.171 
Capture Ratio - -  GRATE = 0.500 

Effective Perimeter--Ft. = 7.354 
Splash-Over Velocity--FPS = 7.354 

Local Gutter Depression-Inches = 1. OOO/' 

Flow-CFS--Q = 1.000 
GUTTER FLOW at INLET-CFS--Q = 0.949 
Gutter Velocity at INLET-fps = 2.099 

Depth at INLET Curb Line-Inches--d = 3.676 

Frontal Flow Intercepted by GRATE--CFS = 0.903 
Lateral Flow Intercepted by GRATE--CFS = 0.062 
TOTAL Flow Intercepted by GRATE--CFS = 0.965 

& FLOW Intercepted = 96 -543 
By-pass Flow--CFS = 0.035 t- 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

09-23-2004 
PROJECT NAME- f? M TRACS NO. - 
HIGHWAY NAME- DESIGNER - RSR 
LOCATION - d B  1\08+00 LT CHECKER - ,).j?T/ PAGE 
Ver 3.40: December 1995 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0 -416 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

- Shoulder Width-Ft.-- - 7.500 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- = 2.010 
Manning's 'N = 0.016 

Flow-CFS--Q = 1 .SO0 -SPY 
SPREAD-Ft.--T = 8.528 - gt--hF 

Average Velocity-V-fps = 1.716 

FLOW in Gutter-CFS--Q = 1.100 
% Flow in Gutter-CFS = 73.319 

Velocity of Flow in Gutter-fps = 2.153 
Depth at Curb Line-Inches--d = 3.457 

GRATE TYPE: ADOT STD.--C15.91 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Capture Ratio - -  GRATE = 0.500 

Effective Perimeter--Ft. = 7.354 
Splash-Over Velocity--FPS = 7.354 

Local Gutter Depression-Inches = 1.000' 

Flow-CFS--Q = 1.500 
GUTTER FLOW at INLET-CFS--Q = 1.286 
Gutter Velocity at INLET-fps = 2.331 

Depth at INLET Curb Line-Inches--d = 4.154 

Frontal Flow Intercepted by GRATE--CFS = 1.197 
Lateral Flow Intercepted by GRATE--CFS = 0.141 
TOTAL Flow Intercepted by GRATE--CFS = 1.338 

% FLOW Intercepted = 89.178 
By-pass Flow--CFS = 0.162 e- 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

09-23-2004 
PROJECT NAME- R f l  TRACS NO. - 
HIGHWAY NAME- DESIGNER - ,?L.,,? 
LOCATION - MI. Wf3 l \ 0 0 + 3 4  L 7  CHECKER - " " '  .I.. r.:c PAGE , ;-. )..I- 

Ver 3.40:  December 1995 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.378 
Roadway Cross-Slope-Ft./Ft.--Sx = 0 .020  

Shoulder Width-Ft.-- = 7 .500  
Shoulder Slope-Ft./~t.--Ss = 0 .020  

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0 .067  

Gutter Depression-Inches-- = 2 .010  
Manning's IN = 0.016 

Flow-CFS--Q 
SPREAD-Ft.--T 

Average Velocity-V-fps 

FLOW in Gutter-CFS--Q 
% Flow in Gutter-CFS 

Velocity of Flow in Gutter-fps 
Depth at Curb Line-Inches--d 

GRATE TYPE: ADOT STD.--C15.91 

Grate Length--Ft. 
Grate Width---Ft. 

Grate Area--Sq. Ft. 
Capture Ratio - -  GRATE 

Effective Perimeter--Ft. 
Splash-Over Velocity--FPS 

Local Gutter Depression-Inches 

Flow-CFS--Q 
GUTTER FLOW at INLET-CFS--Q 
Gutter Velocity at INLET-fps 

Depth at INLET Curb Line-Inches--d 

Frontal Flow Intercepted by GRATE--CFS 
Lateral Flow Intercepted by GRATE--CFS 
TOTAL Flow Intercepted by GRATE--CFS 

% FLOW Intercepted 
By-pass Flow--CFS 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- RM TRACS NO. - V z - b d  a " " x (  

HIGHWAY NAME- 

na-32-3nna 

~- 

DESIGNER.- R S R  
LOCAT I ON - w Q  1108t75 L t  CHECKER - U D ~  PAGE 

0 
Ver 3.40: December 199E 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.378 
Roadway cross-Slope-Ft./~t.--SX = 0.020 

Shoulder Width-Ft.-- = 7.500 
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter slope'-~t./~t.--SW = 0.067 

Gutter Depression-Inches-- - - 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 1.500-~O~* 
SPREAD-Ft.--T = 8.735 - ~ ' - * p -  

Average Velocity-V-fps = 1.649 g p r c P D e  u p s t w , ~ - u  
ens 5{.BcE,. 

FLOW in Gutter-CFS--Q = 1.083 biU:, O k *  
% Flow in Gutter-CFS = 72.174 

Velocity of Flow in Gutter-fps = 2.077 
Depth at Curb Line-Inches--d = 3.506 

GRATE TYPE: ADOT STD.--C15.91 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Capture Ratio - -  GRATE = 0.500 

Effective Perimeter--Ft. = 7.354 
Splash-Over Velocity--FPS = 7.354 

Local Gutter Depression-Inches = 1.000 / 

Flow-CFS--Q = 1.500 
GUTTER FLOW at INLET-CFS--Q = 1.267 
Gutter Velocity at INLET-fps = 2.248 

Depth at INLET Curb Line-Inches--d = 4.211 

Frontal Flow Intercepted by GRATE--CFS = 1.177 
Lateral Flow Intercepted by GRATE--CFS = 0.151 
TOTAL Flow Intercepted by GRATE--.CFS = 1.328 

% FLOW Intercepted = 88.539 
By-pass Flow--CFS = 0.1726 



ARIZONA DEPARTMENT OF TWSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- R / I  
HIGHWAY NAME- 
LOCATION -/v\L LSB l \O%t  5 9 LT 
Ver 3.40: December 1995 

TRACS NO 
DESIGNER 
CHECKER 

Rs17 
n/nv PAGE 

GRATE 1M;ET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 
Roadway Cross-Slope-Ft./Ft.--Sx = 

Shoulder Width-Ft.-- = 
Shoulder Slope-Ft./Ft.--Ss = 

Gutter Width-Ft.--W = 
Gutter Slope-Ft./Ft.--Sw = 

Gutter Depression-Inches-- = 
Manning's 'N = 

Flow-CFS--Q = 0.900 - I,o>f 
SPREAD-Ft . - -T = 6.979 -'a8 *** 

Average Velocity-V-fps = 1.420 

FLOW in Gutter-CFS--Q = 0.741 
% Flow in Gutter-CFS = 82.328 

Velocity of Flow in Gutter-fps = 1.710 ), 
Depth at Curb Line-Inches--d = 3.085 - 6  6-F 

GRATE TYPE: ADOT STD.--C15.91 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Capture Ratio - -  GRATE = 0.500 

Effective Perimeter--Ft. = 7.354 
Splash-Over Velocity--FPS = 7.354 

Local Gutter Depression-Inches = 1.000.' 

Flow-CFS--Q = 0.900 
GUTTER FLOW at INLET-CFS--Q = 0.850 
Gutter Velocity at INLET-fps = 1.851 

Depth at INLET Curb Line-Inches--d = 3.708 

Frontal Flow Intercepted by GRATE--CFS = 0.807 
Lateral Flow Intercepted by GRATE--CFS = 0.063 
TOTAL Flow Intercepted by GRATE--CFS = 0.871 

% FLOW Intercepted = 96.732 
By-pass Flow--CFS = 0.0299-, 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- P f l  
HIGHWAY NAME- 
LOCATION -mun \ \ o r t s u  L t- 
Ver 3 .40 :  December 1995 

TRACS NO 
DESIGNER 
CHECKER 

09-23-2004 

psi? 
NDt PAGE 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 
Roadway Cross-Slope-Ft./Ft.--Sx = 

Shoulder Width-Ft.-- = 
Shoulder Slope-Ft./~t.--Ss = 

Gutter Width-Ft.--W = 
Gutter Slope-Ft./~t.--Sw = 

Gutter Depression-Inches-- = 
Manning's IN = 

Flow-CFS--Q = 
SPREAD-Ft.--T = 

Average Velocity-V-fps = 

FLOW in Gutter-CFS--Q = 
% Flow in Gutter-CFS = 

Velocity of Flow in Gutter-fps = 
Depth at Curb Line-Inches--d = 

GRATE TYPE: ADOT STD.--C15.91 

Grate Length--Ft. = 
- Grate Width---Ft. - 

Grate Area--Sq. Ft. = 
Capture Ratio - -  GRATE = 

Effective Perimeter--Ft. = 
Splash-Over Velocity--FPS = 

Local Gutter Depression-Inches = 

Flow-CFS--Q = 
GUTTER FLOW at INLET-CFS--Q = 
Gutter Velocity at INLET-fps = 

Depth at INLET Curb Line-Inches--d = 

Frontal Flow Intercepted by GRATE--CFS = 
Lateral Flow Intercepted by GRATE--CFS = 
TOTAL Flow Intercepted by GRATE--CFS = 

% FLOW Intercepted = 
By-pass Flow--CFS = 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

09-23-2004 
PROJECT NAME- R f l  TRACS NO. - 
HIGHWAY NAME - DESIGNER - \?St? 
LOCAT ION - W n  \ \ \0+25 C T  CHECKER - ~ J D V  PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.238 
Roadway Cross-Slope-Ft./Ft.--SX = 0.020 

shoulder width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft . - -W = 2.500 
Gutter Slope-Ft./~t.--Sw = 0.067 

Gutter Depression-Inches-- = 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 2.3OO-\dyt 
SPREAD-Ft. --T = 11.874- IC-G.~ 

Average Velocity-V-fps = 1.477 

FLOW in Gutter-CFS--Q = 1.317 
% Flow in Gutter-CFS = 57.257 

Velocity of Flow in Gutter-fps = 1.942 
Depth at Curb Line-Inches--d = 4.260 - ("-,, 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 5.051 
Local Gutter Depression-Inches = 1.000' 

Length of opening: TOTAL Intercept--Ft. = 11.843 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D.), Q(GRATE) Q(1NT.) Q(By-Pass) % CAPT. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- RM TRACS NO. - 
HIGHWAY NAME- DESIGNER - ~XSR 
LOCATION - f i b  \*)B ~\\\0t2< L+ CHECKER - A / D ~  PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.238 
Roadway Cross-Slope-Ft./~t.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./~t.--Sw = 0.067 

Gutter Depression-Inches-- = 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 3.200- C q y  1 

SPREAD-Ft . --T = 13.701 ' Z Z W * ~  
Average Velocity-V-fps = 1.581 

FLOW in Gutter-CFS--Q = 1.619 
% Flow in Gutter-CFS = 50.605 

Velocity of Flow in Gutter-fps = 2.105 
Depth at Curb Line-Inches--d = 4.698 . 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = . 7.354 

Depth at INLET Curb Line-Inches--d = 5.520 
Local Gutter Depression-Inches = 1.0OOd 

Length of opening: TOTAL Intercept--Ft. = 14.388 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D.) Q(GRATE) 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - -  
5.000 0.536 1.716 1.277 
10.000 0.882 2.823 0.377 
15.000 1.000 3.200 0.000 
20.000 1.000 3.200 0.000 
25.000 1.000 3.200 0.000 
30.000 1.000 3.200 0.000 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

10-04-2004 
PROJECT NAME- Rfi TRACS NO. - 
HIGHWAY NAME- DESIGNER - R%tt 
LOCAT ION - f i b  w Q  \\\b4%9 6.r CHECKER - pD\/ PAGE 
Ver 3 -40: ~ecember 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.250 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./~t.--Sw = 0.067 

Gutter Depression-Inches-- = 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 4.700 ' t9y '  
SPREAD-Ft . --T = 15.929 * \bP-c; /  

Average Velocity-V-fps = 1.751 

FLOW in Gutter-CFS--Q = 2.072 
% Flow in Gutter-CFS = 44.085 

Velocity of Flow in Gutter-fps = 2.352 
Depth at Curb Line-Inches--d = 5.233 . L",,, 

SLOTTED DRAIN--ADOT STD.--C13.60, 
GRATE TYPE: ADOT STD.--c15.91/ 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 6.082 
Local Gutter Depression-Inches = 1 . 0 0 0 ~  

Length of opening: TOTAL Intercept--Ft. = 18.234 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S .D. ) Q(GRATE) Q (INT. ) Q(By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - - - - - - - -  - -  - - - - - - - - - - - - - - - - -  - - - - - - -  
5.000 0.438 2.060 1.905 3.966 0.734 84.38- 
10.000 0.761 3.576 1.036 4.612 0.088 98.13 

0.956 4.491 0.209 4.700 0.000 100.00 
1.000 4.700 0.000 4.700 0.000 100.00 
1.000 4.700 0.000 4.700 0.000 100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

10-04-2004 
PROJECT NAME- I?@" TRACS NO. - 
HIGHWAY NAME- DESIGNER - j2,gR 
LOCATION - f l& LSB \ \ l ( t ;~S  64 CHECKER - f l ~ v  PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G 
Roadway cross-Slope-Ft./Ft.--Sx 

Shoulder Width-Ft.-- 
Shoulder Slope-Ft./Ft.--SS 

Gutter Width-Ft.--W 
Gutter Slope-Ft./Ft.--SW 

Gutter Depression-Inches-- 
Manning's IN 

F~OW-CFS--Q = 6.500 - J $ P r t  
SPREAD-Ft . --T = 18.181 - 'Lz'--&r 

Average Velocity-V-fps = 1.883 

FLOW in Gutter-CFS--Q = 2.527 
% Flow in Gutter-CFS = 38.869 

Velocity of Flow in  utter-fps = 2.543 
Depth at Curb Line-Inches--d = 5.773 

SLOTTED DRAIN--ADOT STD.--C13.60, 
GRATE TYPE: ADOT STD.--C15.91 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 6.643 
Local Gutter Depression-Inches = 1.000 J 

Length of opening: TOTAL Intercept--Ft. = 22.040 
Capture Ratio --  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D.1 Q(GRATE) Q(1NT.) Q(By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - - - - - - - - - -  - - - - - - -  - - - - - - - - - -  - - - - - - -  
5.000 0.371 2.409 2.511 4.921 1.579 75.7% 
10.000 0.663 4.311 1.679 5.989 0.511 92.15 
15.000 0.872 5.667 0.806 6.472 0.028 99.58 
20.000 0.986 6.410 0.090 6.5'00 0.000 
25.000 1.000 6.500 0.000 6.500 0.000 100.0 loo 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

1 0 - 0 4 - 2 0 0 4  
I PROJECT NAME- ~ f i  TRACS NO. - 

HIGHWAY NAME- DESIGNER - as/? 
LOCATION - f l c  W B  11\4t  50 L r  CHECKER - A/Q$ PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.250 
Roadway Cross-Slope-Ft./~t.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--SS = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./~t.--Sw = 0.067 

Gutter Depression-Inches-- = 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 4.500 - \ o y r  
SPREAD-Ft. --T = 15.645 - 1 6 ' - ~ ~  

Average Velocity-V-fps = 1.734 

FLOW in Gutter-CFS--Q = 2.017 
% Flow in Gutter-CFS = 44.831 

Velocity of Flow in Gutter-fps = 2.328 
Depth at Curb Line-Inches--d = 5.165 -6 "+-r 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91 / 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 6.011 
Local Gutter Depression-Inches = 1. OOO/ 

Length of opening: TOTAL Intercept--Ft. = 17.774 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D.1 Q(GRATE) Q(INT.1 Q(By-Pass) %CAPT. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

10-04-2004 
PROJECT NAME- r(,A TRACS NO. - 
HIGHWAY NAME- DESIGNER - &S 
LOCATION - f l C  wi3 1\17+50 L t CHECKER - /i/w PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.250 
Roadway Cross-Slope-Ft./~t.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft . --W = 2.500 
Gutter Slope-Ft./~t.--Sw = 0.067 

Gutter Depression-Inches-- = 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 6.900 
SPREAD-Ft.--T = 18.624 

Average Velocity-V-fps = 1.908 

FLOW in Gutter-CFS--Q = 2.620 
% Flow in Gutter-CFS = 37.973 

Velocity of Flow in Gutter-fps = 2.580 
Depth at Curb Line-Inches--d = 5.880 

SLOTTED DRAIN--ADOT STD.--C13.63 
GRATE TYPE: ADOT STD.--C15.91 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 6.753 
Local Gutter Depression-Inches = 1.000~' 

Length of opening: TOTAL Intercept--Ft. = 22.819 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D.) Q (GRATE) Q(1NT.) Q(By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - -  - - - - - - - - - -  - - - - - - -  
5.000 0.359 2.479 2.634 5.113 . 1.787 74-10 ..:-. . 

10.000 0 -646 4.456 1.812 6.268 0.632 90-84 
15.000 0.855 5.896 0.945 6.841 0.059 99.14- 
20.000 0.977 6.740 0.160 6.900 0.000 
25.000 1.000 6.900 0.000 6.900 0.000 100. loo rn 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

10-04-2004 @ PROJECT NAME- @'I TRACS NO. - 
HIGHWAY NAME- DESIGNER - R+K 
LOCATION - M L ~ J  13 \\24+oo LT CHECKER - &\f PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDFGlULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G 
Roadway Cross-Slope-Ft./Ft.--Sx 

Shoulder Width-Ft.-- 
Shoulder Slope-Ft./Ft.--Ss 

Gutter Width-Ft.--W 
Gutter Slope-Ft./Ft.--Sw 

Gutter Depression-Inches-- 
Manning's 'N 

Flow-CFS--Q = 6.000 .+'IOy' 
SPREAD-Ft . --T = 15.741 -lbf-r+n 

Average Velocity-V-fps = 1.931 

FLOW in Gutter-CFS--Q = 2.570 
% Flow in Gutter-CFS = 42.839 

Velocity of Flow in Gutter-fps = 2.561 
Depth at Curb Line-Inches--d = -5 -823 - b"--r 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91' 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 6.676 
Local Gutter Depression-Inches = 1.000' 

Length of opening: TOTAL Intercept--Ft. = 20.154 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D.) Q(GRATE) Q(1NT.) Q(By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - -  



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

10-04-2004 
PROJECT NAME- U A  TRACS NO. - 
HIGHWAY NAME- DESIGNER - TcSR 
LOCATION -Ac bfi l l z ~ f o u  LP CHECKER - r n v  PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.250 
Roadway Cross-Slope-Ft./~t.--Sx = 0.024 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.024 

Gutter Width-Ft . --W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- - - 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 9.300 i g " y t  

SPREAD-Ft .--T = 18.751- 2 z 1 r n & %  
Average velocity-V-fps = 2.136 

FLOW in Gutter-CFS--Q = 3.379 
% FlowinGutter-CFS = 36.329 

Velocity of Flow in Gutter-fps = 2.853 
Depth at Curb Line-Inches--d = 6.690 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91/ 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 7.568 
Local Gutter Depression-Inches = 1 . 0 0 0 ~  

Length of opening: TOTAL Intercept--Ft. = 25.783 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH ~fficiency Q(S.D.) Q(GRATE) Q(1NT.) Q(By-Pass) %CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - -  - - - - - - - - - -  - - - - - - -  
5.000 0.322 2.991 3.424 6.415 2.885 68.97 
10.000 0.587 5.456 2.511 7.967 1.333 85.67- 
15.000 0.792 7.363 1.582 8.945 0.355 96.19 
20.000 0.932 8.669 0.625 9.294 0.006 
25.000 0.998 9.283 0.017 9.300 0.000 100. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

10-04-2004 
PROJECT NAME- KM TRACS NO. - 
HIGHWAY NAME- DESIGNER - DLJ - - 

LOCATION - L? n 1\27 +UO L r  CHECKER - h j ~ f  PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.100 
Roadway Cross-Slope-Ft./~t.--Sx = 0.024 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-~t./~t.--SS = 0.024 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./~t.--Sw = 0.067 

Gutter Depression-Inches-- = 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 3 -900 -lo'/' 

SPREAD-Ft.--T = 15.917-ib'-c-r 
Average Velocity-V-fps = 1.229 

FLOW in Gutter-CFS--Q = 1.654 
% Flow in Gutter-CFS = 42.408 

Velocity of Flow in Gutter-fps = 1.630 
Depth at Curb Line-Inches--d = 5. 874 - L " - L * - ~  

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91/ 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 6.728 
Local Gutter Depression-Inches = 1.000 d' 

Length of opening: TOTAL Intercept--Ft. = 12.827 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GmTE = 0.500 

LENGTH Efficiency Q (S . D. ) Q (GRATE) Q (INT. ) Q (By-Pass) 
- - - - - -  - - - - - - - - - -  - - - - - - - - - - - - - - -  - - - - - - -  - - - - - - - - - -  
5.000 0.589 2.297 1.326 3.623 0.277 

10.000 0.934 3.644 0.256 3.900 0.000 
1.000 3.900 0.000 3.900 0.000 
1.000 3.900 0.000 3.900 0.000 

25.000 1.000 3.900 0.000 3.900 0.000 

% CAPT. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- W 
HIGHWAY NAME- 
LOCATION - E ~ L  ~~ krz-rtoo L+ 
Ver 3.40: December 1995 

TRACS NO 
DESIGNER 
CHECKER 

b SR 
NO\/  PAGE 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.100 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.024 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.024 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- - - 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 6.400-Sort 
SPREAD-Ft. --T = 19.386 -ZL'-&P 

Average Velocity-V-fps = 1.378 

FLOW in Gutter-CFS--Q = 2.252 
% Flow in Gutter-CFS = 35.187 

Velocity of Flow in Gutter-fps = 1.842 
Depth at Curb Line-Inches--d = 6.873 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 7.755 
Local Gutter Depression-Inches = 1.000 - 

Length of opening: TOTAL Intercept--Ft. = 16.936 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S .D. ) Q (GRATE) Q (INT.) Q (By-Pass) % CAPT. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- ~ f i  
HIGHWAY NAME- 
LOCATION -MLwB I I 2 9 r O O  L.lt 
Ver 3 . 4 0 :  December 1995  

TRACS NO 
DESIGNER 
CHECKER 

RSR 
/2 /~v PAGE 

SLOTTED DRAIN W/ GRATE--IN SUMP 

GUTTER FLOW HYDRAULICS 

GUTTER DESCRIPTION 

Roadway Cross-Slope-Ft./~t.--Sx = 0.024 
Shoulder Width-Ft.-- = 1 0 . 0 0 0 .  

Shoulder Slope-Ft./Ft.--Ss' = 0.024 
Gutter Width-Ft.--W = 2.500 

Gutter Slope-Ft./Ft.--Sw = 0.067 
Gutter Depression-Inches-- = 2.010 

GRATE 

LENGTH 

TYPE: ADOT STD.--C15.91 
Grate Length- -Ft . = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5 . 1 7 1  
Effective Perimeter--Ft. = 7 .354  

Capture Ratio - -  GRATE = 0.500 
Capture Ratio - -  SLOTTED DRAIN = 0.500 

Local Gutter Depression-Inches = 1 .000  

Q(S1ot. Dn) Q (Grate) d (inches) SPREAD, Ft . 
- - - - - - - - - -  - - - - - - - -  - - - - - - - - - - - - - - - - - - -  

1 .277  1 .224  3  - 4 0 0  7 . 3 2 6 e 1 0 ' v n ~ ~  
1 .799  0.703 2.484 4 .144  
2.053 0  - 4 4 6  1 .904 2.368 
2.184 ' 0.314 1 .498  1 . 8 6 3  



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

TRACS NO. - PROJECT NAME- RA/I 
HIGHWAY NAME- DESIGNER - w 

LOCATION - IOB 112g+00 ~ f :  CHECKER - njln\/ PAGE 
Ver 3.40: December 1995 

SLOTTED DRaIN W/ GRATE--IN SUMP 

GUTTER FLOW HYDRAULICS 

GUTTER DESCRIPTION 

Roadway Cross-Slope-~t./~t.--Sx = 0.024 
Shoulder Width-Ft.-- = 10.000 

Shoulder Slope-Ft./~t.--Ss = 0.024 
Gutter Width-Ft.--W = 2.500 

Gutter Slope-Ft./~t.--Sw = 0.067 
Gutter Depression-Inches-- - - 2.010 

GRATE TYPE: ADOT STD.--C15.91 
Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5 .171 
Effective Perimeter--Ft. = 7.354 

Capture Ratio - -  GRATE = 0.500 
Capture Ratio - -  SLOTTED DRAIN = 0.500 

Local Gutter Depression-Inches = 1.000 

LENGTH Q(S1ot. Dn) Q (Grate) d (inches) SPREAD, Ft . 
- - - - - -  - - - - - - - - - -  - - - -  - - - -  - - - - - - - - -  - - - - - - - - - -  

5.000 1.604 2.096 4.633 11.607t-2dwc+ 
10.000 2.509 1.192 3.349 7.149 
15.000 2.906 0.793 2 .661  4.759 
20.000 3.138 0.560 2.180 3.092 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- RM TRACS NO. - 
HIGHWAY NAME- DESIGNER - p s p  
LOCATION - / ~ L w Q  \ \ 29+03  L +  CHECKER - mlf PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.100 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.024 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.024 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- - - 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 1.900 - ' o f t  

SPREAD-Ft. --T = 11.825 -\Q--*x 
Average Velocity-V-fps = 1.048 

FLOW in Gutter-CFS--Q = 1.048 
% Flow in Gutter-CFS = 55.172 

Velocity of Flow in Gutter-fps = 1.363 
Depth at Curb Line-Inches--d = 4.696 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD. --C15.91 / 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 5.494 
Local Gutter Depression-Inches = l.OOOF 

Length of opening: TOTAL Intercept--Ft. = 8.518 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D.) Q(GRATE) Q(1NT.) Q(By-Pass) %CAPT. 
- - - - - - - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - - - - - - - - - - - -  - - - - - - -  
5.000 0.796 1.513 0.385 1.898 0.002 99.92- 
10.000 1.000 1.900 0.000 1.900 0.000 100.00 

1.000 1.900 0.000 1.900 0.000 100.00 
1.000 1.900 0.000 1.900 0.000 100.00 

25.000 1.000 1.900 0.000 1.900 0.000 100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

10 -25 -2004  
PROJECT NAME- R f l  TRACS NO. - 
HIGHWAY NAME- DESIGNER - $ 5 ~  

LOCATION - / r ) ~  LJB 117-9403 L + CHECKER - /JDI/ PAGE 
Ver 3 .40 :  December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0 .100  
Roadway Cross-Slope-Ft./~t.--Sx = 0.024 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./~t.--Ss = 0 .024  

Gutter Width-Ft.--W = 2 .500  
Gutter Slope-Ft./~t.--Sw = 0.067 

Gutter Depression-Inches-- = 2 .010  
Manning's IN = 0 .016  

Flow-CFS--Q = 2 .900  -soyr 
SPREAD-Ft. --T = 14 .109  - ~ S - V  

Average Velocity-V-fps = 1 .149  

FLOW in Gutter-CFS--Q = 1 .373  
% Flow in Gutter-CFS = 47.330 

Velocity of Flow in Gutter-fps = 1 .515  
Depth at Curb Line-Inches--d = 5.353 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91° 

Grate Length--Ft. = 3 .354  
Grate Width---Ft. = 2 .000  

Grate Area--Sq. Ft. = 5 . 1 7 1  
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 6.187 
Local Gutter Depression-Inches = 1. O O O H  

Length of opening: TOTAL Intercept--Ft. = 10.842 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S .D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - -  - - - - - - - - - -  - ------  

5.000 0 . 6 7 1  1 .947 0 .880 2 .827  0.073 97.47-  
10.000 0.990 2 . 8 7 1  0 .029  2 .900  0.000 1 0 0 . 0 0  
15 .000  1 .000 2 .900  0.000 2 .900  0 .000 100 .00  
20 .000  1 .000  2 .900 0.000 2 .900  0 .000 
25.000 1 .000  2 .900  0 .000 2 .900  0.000 1 0 0 .  



ARIZONA DEPARTMENT OF TRANSPORTATION 
b& 

DRAINAGE DESIGN SECTION 

PROJECT NAME- R f l  
HIGHWAY NAME- 
LOCATION - w n  ) \ 3 0 t  5 0  Lt 
Ver 3 .40 :  December 1995 

TRACS NO 
DESIGNER 
CHECKER 

ASR 
iwld PAGE 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.250 
Roadway Cross-Slope-Ft./Ft.--SX = 0.024 

Shoulder Width-Ft.-- = 10 .000  
Shoulder Slope-Ft./Ft.--Ss = 0.024 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- - - 2.010 
Manning's 'N = 0.016 

Flow-CFS--Q = 2 . 7 0 0 - ) " '  
SPREAD-Ft.--T = 1 1 . 2 9 7 - ' b * * %  

Average Velocity-V-fps = 1 . 6 2 1  

FLOW in Gutter-CFS--Q = 1.547 
% Flow in Gutter-CFS = 57.300 

Velocity of Flow in Gutter-fps = 2.099 
Depth at Curb Line-Inches--d = 4.544 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91 - 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2 .000  

Grate Area--Sq. Ft. = 5 . 1 7 1  
Splash-Over Velocity--FPS = 7 .354  

Depth at INLET Curb Line-Inches--d = 5.332 
Local Gutter Depression-Inches = 1.000 - 

Length of opening: TOTAL Intercept--Ft. = 12.789 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S.D. ) Q(GRATE) Q(INT.) Q(By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - - - - - - - - -  - - - - - - - - - -  - - - - - - -  

5 .000  0.590 1 . 5 9 4  1 .030  2 .624  0.076 97.19%-- 
10 .000  0.936 2 .526  0.174 2 .700  0 .000 100 .00  

1 .000 2 .700  0.000 2 .700  0.000 100 .00  
1 .000 2 .700  0 .000 2 .700  0 .000  100 .00  

25 .000  1 .000 2 .700 0,000 2 .700  0 .000 100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

10-25-2004 
PROJECT NAME- R M  TRACS NO. - 
HIGHWAY NAME- DESIGNER - R S ~  
LOCATION - LJQ 1 \ 3 0 t 5 3  L +  CHECKER - )GI/ PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G 
Roadway Cross-Slope-Ft./~t.--Sx 

Shoulder Width-Ft.-- 
Shoulder Slope-Ft./~t.--Ss 

Gutter Width-Ft . --W 
Gutter Slope-Ft./Ft.--Sw 

Gutter Depression-Inches-- 
Manning's IN 

Flow-CFS--Q = 3.800-Sort 
sp~Em-Ft.--T = 1 3 . 0 5 5 - ' ~ ~ ~ ~ *  

Average Velocity-V-fps = 1.744 

FLOW in Gutter-CFS--Q = 1.926 
% Flow in Gutter-CFS = 50.696 

Velocity of Flow in Gutter-fps = 2.286 
Depth at Curb Line-Inches--d = 5.050 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91' 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 5.869 
Local Gutter Depression-Inches = 1.000, 

Length of opening: TOTAL Intercept--Ft. = 15.543 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D. ) Q(GRATE) Q(1NT.) Q(By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - - - - - - - - - - - -  - - - - - - -  
5.000 0.503 1.910 1.554 3.465 0.335 91.18- 
10.000 0.844 3.206 0.590 3.796 0.004 99.89 
15.000 0.998 3.791 0.009 3.800 0.000 100.00 
20.000 1.000 3.800 0.000 3.800 0.000 
25.000 1.000 3.800 0.000 3.800 0.000 100. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- RPI 
HIGHWAY NAME- 
LOCATION &,!. \3a 1132+7/ L- t 
Ver 3 . 4 0 :  December 1 9 9 5  

Tl?ACS NO 
DESIGNER 
CHECKER 

f75x 
R / ~ v  PAGE 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0  - 2 0 9  
Roadway Cross-Slope-Ft./Ft.--Sx = 0 . 0 2 4  

Shoulder Width-Ft.-- = 8 . 0 0 0  
Shoulder Slope-Ft./Ft.--Ss = 0 .024  

Gutter Width-Ft.--W = 2 . 5 0 0  
Gutter Slope-Ft./~t.--Sw = 0 . 0 6 7  

Gutter Depression-Inches-- = 2 . 0 1 0  
Manning's IN  = 0 . 0 1 6  

Flow-CFS--Q = 0 .700- IV,~r  
SPREAD-Ft.--T = 6 . 1 9 9  - B w k +  

Average Velocity-V-fps = 1 . 1 7 6  

FLOW in Gutter-CFS--Q = 0 . 5 9 6  
% Flow i n  Gutter-CFS = 8 5 . 0 9 8  

Velocity of Flow in Gutter-fps = 1 . 3 8 1  
Depth at Curb Line-Inches--d = 3 . 0 7 5  

GRATE TYPE: ADOT STD.--C15.91 

Grate Length--Ft. = 3  - 3 5 4  
Grate Width---Ft. = 2 . 0 0 0  

Grate Area--Sq. Ft. = 5 . 1 7 1  
Capture Ratio - -  GRATE = 0 . 5 0 0  

Effective Perimeter--Ft. = 7 .354  
Splash-Over Velocity--FPS = 7 . 3 5 4  

Local Gutter Depression-Inches = 1 . 0 0 0  , 

Flow-CFS--Q = 0 . 7 0 0  
GUTTER FLOW at INLET-CFS--Q = 0 . 6 7 1  
Gutter Velocity at INLET-fps = 1 . 4 8 7  

Depth at INLET Curb Line-Inches--d = 3 . 6 7 1  

Frontal Flow Intercepted by GRATE--CFS = 0 . 6 3 9  
Lateral Flow Intercepted by GRATE--CFS = 0 . 0 4 8  
TOTAL Flow Intercepted by GRATE--CFS = 0 . 6 8 7  

% FLOW Intercepted = 98 .084  
By-pass Flow--CFS = 0 . 0 1 3  4--- 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

10-25-2004 
PROJECT NAME- P M  TRACS NO. - 
HIGHWAY NAME- DESIGNER - R ~ R  
LOCATION - F / ~ L  V O  1132 t71 L +  CHECKER -  AD^ PAGE 
Ver 3.40: December 1995 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.209 
Roadway Cross-Slope-Ft./~t.--Sx = 0.024 

Shoulder Width-Ft.-- = 8.000 
Shoulder Slope-Ft./Ft.--Ss = 0.024 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- = 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 1.100 - 4 y r  
SPREAD-Ft . - -T = 7.820 

Average Velocity-V-fps = 1.267 

FLOW in Gutter-CFS--Q = 0.824 
% Flow in Gutter-CFS = 74.925 

Velocity of Flow in Gutter-fps = 1.559 
Depth at Curb Line-Inches--d = 3.542 

GRATE TYPE: ADOT STD.--C15.91 
I 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Capture Ratio - -  GRATE = 0.500 

Effective Perimeter--Ft. = 7.354 
Splash-Over Velocity--FPS = 7 -354 

Local Gutter Depression-Inches = 1.000- 

Flow-CFS--Q = 1.100 
GUTTER FLOW at INLET-CFS--Q = 0.951 
Gutter Velocity at INLET-fps = 1.678 

Depth at INLET Curb Line-Inches--d = 4.226 

Frontal Flow Intercepted by GRATE--CFS = 0.883 
Lateral Flow Intercepted by GRATE--CFS = 0.135 
TOTAL Flow Intercepted by GRATE--CFS = 1.017 

% FLOW Intercepted = 92.496 
By-pass Flow--CFS = 0.083- 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- Rf l  
HIGHWAY NAME- 
LOCATION - m& b)R 'L!%%+%%. Ld- 
Ver 3 -40: ~ecember-1995 

TRACS NO. - 
DESIGNER - 
CHECKER - 

fib,@ 
ND'd PAGE 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.200 
Roadway Cross-Slope-Ft./~t.--Sx = 0.024 

Shoulder Width-Ft.-- = 8.000 
Shoulder Slope-Ft./Ft.--Ss = 0.024 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- = 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 0.700 - k o ' d r  
SPREAD-Ft . --T = 6.279 -%'hat 

Average Velocity-V-fps = 1.152 

FLOW in Gutter-CFS--Q = 0.592 
% Flow in Gutter-CFS = 84.590 

Velocity of Flow in Gutter-fps = 1.358 
Depth at Curb Line-Inches--d = 3.098 

GRATE TYPE: ADOT STD.--C15.91 4 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Capture Ratio - -  GRATE = 0.500 

Effective Perimeter--Ft. = 7.354 
Splash-Over Velocity--FPS = 7.354 

Local Gutter Depression-Inches = 1.000 8' 

Flow-CFS--Q = 0.700 
GUTTER FLOW at INLET-CFS--Q = 0.668 
Gutter Velocity at INLET-fps = 1.462 

Depth at INLET Curb Line-Inches--d = 3.699 

Frontal Flow Intercepted by GRATE--CFS = 0.635 
Lateral Flow Intercepted by GRATE--CFS = 0.051 
TOTAL Flow Intercepted by GRATE--CFS = 0.686 

% FLOW Intercepted = 97.970 
By-pass Flow--CFS = 0.014 e- 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- R& 
HIGHWAY NAME- 
LOCATION -Plb.wd N 3 3 + 3 L L t  
Ver 3.40: December 1995 

TRACS NO. - 
DESIGNER - 
CHECKER - 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 
Roadway Cross-Slope-Ft./~t.--Sx = 

- Shoulder Width-Ft.-- - 
Shoulder Slope-Ft./~t.--Ss = 

Gutter Width-Ft.--W = 
Gutter Slope-Ft./~t.--Sw = 

Gutter Depression-Inches-- - - 
Manning's 'N = 

Flow-CFS- -Q = 1 .lOO-S~Yt 
SPREAD-Ft.--T = 7.909 -q*~l, 

Average Velocity-V-fps = 1.243 

FLOW in Gutter-CFS--Q = 0.818 
% Flow in Gutter-CFS = 74.390 

Velocity of Flow in Gutter-fps = 1.533 
Depth at Curb Line-Inches--d = 3.568 

GRATE TYPE: ADOT STD.--C15.91H 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Capture Ratio - -  GRATE = 0.500 

Effective Perimeter--Ft. = 7.354 
Splash-Over Velocity--FPS = 7.354 

Local Gutter Depression-Inches = 1.000@- 

Flow-CFS--Q = 1.100 
GUTTER FLOW at INLET-CFS--Q = 0.945 
Gutter Velocity at INLET-fps = 1.649 

.Depth at INLET Curb Line-Inches--d = 4.256 

Frontal Flow Intercepted by GRATE--CFS = 0.876 
Lateral Flow Intercepted by GRATE--CFS = 0.139 
TOTAL Flow Intercepted by GRATE--CFS = 1.015 

% FLOW Intercepted = 92.303 
By-pass Flow--CFS = 0.085 )-- 
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Ver 3 .40 :  ~ecember 1995  

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 
Roadway Cross-Slope-Ft./Ft.--Sx = 

Shoulder Width-Ft.-- = 
Shoulder Slope-Ft./~t.--Ss = 

Gutter Width-Ft.--W = 
Gutter Slope-Ft./Ft.--Sw = 

Gutter Depression-Inches-- = 
Manning's IN = 

Flow-CFS--Q = 0 .700 - \uy r 
SPREAD-Ft.--T = 6.363 * Fa'-%p 

Average Velocity-V-fps = 1 . 1 2 9  

FLOW in Gutter-CFS--Q = 0.588 
% Flow in Gutter-CFS = 84.053 

Velocity of Flow in Gutter-fps = 1 .334  
Depth at Curb Line-Inches--d = 3.123 

GRATE TYPE: ADOT STD.--C15.91 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2 .000  

Grate Area--Sq. Ft. = 5 . 1 7 1  
Capture Ratio - -  GRATE = 0 .500  

Effective Perimeter--Ft. = 7 .354  
Splash-Over Velocity--FPS = 7 .354  

Local Gutter Depression-Inches = 1 .000  - 
Flow-CFS- -Q = 0.700 

GUTTER FLOW at INLET-CFS--Q = 0 .665  
Gutter Velocity at INLET-fps = 1 .436  

Depth at INLET Curb Line-Inches--d = 3 .729  

Frontal Flow Intercepted by GRATE--CFS = 0 . 6 3 1  
Lateral Flow Intercepted by GRATE--CFS = 0.054 
TOTAL Flow Intercepted by GRATE--CFS = 0.685 

% FLOW Intercepted = 97.848 
By-pass Flow--CFS = 0.015 
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TRACS NO 
DESIGNER 
CHECKER 

10-25-2004 

AS f t  

h m ~  PAGE 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G 
Roadway Cross-Slope-Ft./Ft.--Sx 

Shoulder Width-Ft.-- 
Shoulder Slope-Ft./Ft.--Ss 

Gutter Width-Ft.--W 
Gutter Slope-Ft./Ft.--Sw 

Gutter Depression-Inches-- 
Manning's IN 

Flow-CFS--Q = 1.000 - ~ ~ y p  
SPREAD-Ft.--T = 7.641 - % w a r  

Average velocity-V-fps = 1.198 

FLOW in Gutter-CFS--Q = 0.760 
% Flow in Gutter-CFS = 76.000 

Velocity of Flow in Gutter-fps = 1.468 
Depth at Curb Line-Inches--d = 3.491 

GRATE TYPE: ADOT STD.--C15.91 - 
Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Capture Ratio - -  GRATE = 0.500 

Effective Perimeter--Ft. = 7.354 
Splash-Over Velocity--FPS = 7.354 

Local Gutter Depression-Inches = 1.000- 

Flow-CFS--Q = 1.000 
GUTTER FLOW at INLET-CFS--Q = 0.876 
Gutter Velocity at INLET-fps = 1.579 

Depth at INLET Curb Line-Inches--d = 4.166 

Frontal Flow Intercepted by GRATE--CFS = 0.815 
Lateral Flow Intercepted by GRATE--CFS = 0.121 
TOTAL Flow Intercepted by GRATE--CFS = 0.936 

% FLOW Intercepted = 93.592 
By-pass Flow--CFS = 0.064 V 
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10-25-2004 ' 
PROJECT NAME- Wl TRACS NO. - 
HIGHWAY NAME- DESIGNER - p.r& 
LOCATION -@LUQ \ \ 3 Y + C t Q  d +  CHECKER - f l ~ v  PAGE 
Ver 3.40: ~ecember 1995 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.183 
Roadway Cross-Slope-Ft./~t.--Sx = 0.024 

Shoulder Width-Ft.-- = 8.000 
Shoulder Slope-Ft./Ft.--Ss = 0.024 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./~t.--Sw = 0.067 

Gutter Depression-Inches-- = 2.010 
Manning's 'N = 0.016 

Flow-CFS--Q = 0.700 - \ O v r  

SPREAD-Ft . - -T = 6.429 -%'*9 
Average Velocity-V-fps = 1.110 

FLOW in Gutter-CFS--Q = 0.585 
% Flow in Gutter-CFS = 83 -630 

Velocity of Flow in Gutter-fps = 1.315 
Depth at Curb Line-Inches--d = 3 -142 

GRATE TYPE: ADOT STD.--C15.91 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Capture Ratio --  GRATE = 0.500 

Effective Perimeter--Ft. = 7.354 
Splash-Over Velocity--FPS = 7.354 

Local Gutter Depression-Inches = 1.000 d 

Flow-CFS--Q = 0.700 
GUTTER FLOW at INLET-CFS--Q = 0.663 
Gutter Velocity at INLET-fps = 1.416 

Depth at INLET Curb Line-Inches--d = 3.752 

Frontal Flow Intercepted by GRATE--CFS = 0.628 
Lateral Flow Intercepted by GRATE--CFS = 0.056 
TOTAL Flow Intercepted by GRATE--CFS = 0.684 

% FLOW Intercepted = 97.752 
By-pass Flow--CFS = 0.016 W 
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LOCATION 
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TRACS NO. - 

CHECKER - 

10-25-2004 

\'- 
A Jf>v PAGE 

1 GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G 
Roadway Cross-Slope-Ft./~t.--SX 

Shoulder Width-Ft.-- 
Shoulder Slope-Ft./Ft.--Ss 

Gutter Width-Ft.--W 
Gutter Slope-Ft./~t.--SW 

Gutter Depression-Inches-- 
Manning's 'N 

Flow-CFS--Q 
SPREAD-Ft . - -T 

Average Velocity-V-fps 

FLOW in Gutter-CFS--Q 
% Flow in Gutter-CFS 

Velocity of Flow in Gutter-fps 
Depth at Curb Line-Inches--d 

GRATE TYPE: ADOT STD.--C15.91 4 

Grate Length--Ft. 
Grate Width---Ft. 

Grate Area--Sq. Ft. 
Capture Ratio - -  GRATE 

Effective Perimeter--Ft. 
Splash-Over Velocity--FPS 

Local Gutter Depression-Inches 

Flow-CFS--Q 
GUTTER FLOW at INLET-CFS--Q 
Gutter Velocity at INLET-fps 

Depth at INLET Curb Line-Inches--d 

Frontal Flow Intercepted by GRATE--CFS 
Lateral Flow Intercepted by GRATE--CFS 
TOTAL Flow Intercepted by GRATE--CFS 

% FLOW Intercepted 
By-pass Flow--CFS 
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I GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDWLICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 
Roadway Cross-Slope-Ft./Ft.--Sx = 

Shoulder Width-Ft.-- = 
Shoulder Slope-Ft./~t.--Ss = 

Gutter Width-Ft.--W = 
Gutter Slope-Ft./~t.--Sw = 

Gutter Depression-Inches-- = 
Manning's IN = 

Flow-CFS--Q = 0 . 7 0 0 ' ~ ~ ~ ~ ‘  
SPREAD-Ft.--T = 6.523-  Q"".@ 

Average Velocity-V-fps = 1.085 

FLOW in Gutter-CFS--Q = 0 .581  
% Flow in Gutter-CFS = 83.036 

Velocity of Flow in Gutter-fps = 1.290 
Depth at Curb Line-Inches--d = 3.169 

GRATE TYPE: ADOT STD.--C15.91H 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5 . 1 7 1  
Capture Ratio - -  GRATE = 0.500 

Effective Perimeter--Ft. = 7.354 
Splash-Over Velocity--FPS = 7 .354  

Local Gutter Depression-Inches = 1.000 

Flow-CFS- -Q = 0.700 
GUTTER FLOW at INLET-CFS--Q = 0.660 
Gutter Velocity at INLET-fps = 1.389 

Depth at INLET Curb Line-Inches--d = 3.785 

Frontal Flow Intercepted by GRATE--CFS = 0.624 
Lateral Flow Intercepted by GRATE--CFS = 0 .059  
TOTAL Flow Intercepted by GRATE--CFS = 0.683 

% FLOW Intercepted = 97.616 
By-pass Flow--CFS = 0 . 0 1 7 a P '  



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- RI/I 
HIGHWAY NAME- 
LOCAT I ON - \ \aC+o6 L + 
Ver 3.40: December 1995 

TRACS NO 
DESIGNER 
CHECKER ,.@ I2 PAGE 

GRATE INLET DESIGN --  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.173 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.024 

- Shoulder Width-Ft.-- - 8.000 
Shoulder Slope-Ft./Ft.--Ss = 0.024 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- - - 2.010 
Manning's IN. = 0.016 

Flow-CFS--Q = 1.000-sI)yt 
SPREAD-Ft.--T = 7.816 ' 8 -hn 

Average Velocity-V-fps = 1.153 

FLOW in Gutter-CFS--Q = 0.749 
% Flow in Gutter-CFS = 74.945 

Velocity of Flow in Gutter-fps = 1.418 
Depth at Curb Line-Inches--d = 3.541 

GRATE TYPE: ADOT STD.--C15.911 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Capture Ratio - -  GRATE = 0.500 

Effective Perimeter--Ft. = 7.354 
Splash-Over Velocity--FPS = 7.354 

Local Gutter Depression-Inches = 1.000- 

Flow-CFS--Q = 1.000 
GUTTER FLOW at INLET-CFS--Q = 0.865 
Gutter Velocity at INLET-fps = 1.527 

~ e ~ t h  at INLET Curb Line-Inches--d = 4.225 

Frontal Flow Intercepted by GRATE--CFS = 0.803 
Lateral Flow Intercepted by GRATE--CFS = 0.130 
TOTAL Flow Intercepted by GRATE--CFS = 0.933 

% FLOW Intercepted = 93.283 
By-pass Flow--CFS = 0.067 
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HIGHWAY NAME- 
LOCATION - f i  W D  \\35+62 L t  
Ver 3.40:  December 1.995 

TRACS NO 
DESIGNER 
CHECKER 
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A f m  PAGE 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.113 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.024 

Shoulder Width-Ft.-- = 8 .000  
Shdulder Slope-Ft./~t.--Ss = 0.024 

Gutter Width-Ft.--W = 2 .500  
Gutter Slope-Ft./Ft.--Sw = 0 .067  

Gutter Depression-Inches-- - - 2 . 0 1 0  
Manning's IN = 0.016 

Flow-CFS--Q = 0.600 -b!'lt 
SPREAD-Ft.--T = 6.727 -8 *Q$ 

Average Velocity-V-fps = 0.886 

FLOW in Gutter-CFS--Q = 0 .490  
%Flow inGutter-CFS = 81 .737  

Velocity of Flow in Gutter-fps = 1 . 0 5 9  
Depth at Curb Line-Inches--d = 3 .227  

GRATE TYPE: ADOT S T D . - - C 1 5 . 9 1 4  

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5 . 1 7 1  
Capture Ratio - -  GRATE = 0.500 

Effective Perimeter--Ft. = 7.354 
Splash-Over Velocity--FPS = 7.354 

. . 
:. . Local Gutter Depression-Inches - = 1 . 0 0 0  - 

Flow-CFS--Q = 0.600 
GUTTER FLOW at INLET-CFS--Q = 0 .559  
Gutter Velocity at INLET-fps = 1 . 1 4 1  

Depth at INLET Curb Line-Inches--d = 3 .856  

Frontal Flow Intercepted by GRATE--CFS = 0 . 5 2 7  
Lateral Flow Intercepted by GRATE--CFS = 0 . 0 6 0  
.TOTAL Flow Intercepted by GRATE--CFS = 0.587 

% FLOW Intercepted = 97.853 
By-pass Flow--CFS = 0.013 - 
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DESIGNER - 
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GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 
Roadway Cross-Slope-Ft./Ft.--Sx = 

Shoulder Width-Ft.-- = 
Shoulder Slope-Ft./Ft.--Ss = 

Gutter Width-Ft . --W = 
Gutter Slope-Ft./Ft.--Sw = 

Gutter Depression-Inches-- = 
Manning's IN = 

Flow-CFS- -Q = 0.800-677r 
SPREAD-Ft.--T = 7.779 -%-.A 

Average Velocity-V-fps = 0.930 

FLOW in Gutter-CFS--Q = 0.602 
% Flow in Gutter-CFS = 75.220 

Velocity of Flow in Gutter-fps = 1.144 
Depth at Curb Line-Inches--d = 3.530 

GRATE TYPE: ADOT STD.--C15.914 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5 . 1 7 1  
Capture Ratio - -  GRATE = 0.500 

Effective Perimeter--Ft. = 7.354 
Splash-Over Velocity--FPS = 7.354 

Local Gutter Depression-Inches = 1.000- 

Flow-CFS--Q = 0.800 
GUTTER FLOW at INLET-CFS--Q = 0.694 
Gutter Velocity at INLET-fps = 1 .231 

Depth at INLET Curb Line-Inches--d = 4.211 

Frontal Flow Intercepted by GRATE--CFS = 0.644 
:... Lateral Flow Intercepted by. GRATE--CFS = 0.116 

TOTAL Elow Intercepted by GRATE--CFS = 0.760 

% FLOW ,Intercepted = 94.956 
By-pass Flow--CFS = 0 . 0 4 0 ~ .  
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PROJECT NAME- R/r, TRACS NO. - 
HIGHWAY NAME- DESIGNER - \?5r? 
LOCATION - A  L \ \ 3 6 + S b  L +  CHECKER - ~ J D \ [  PAGE 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0 . 1 1 1  
Roadway Cross-Slope-Ft./Ft.--Sx = 0 .024  

Shoulder Width-Ft.-- = 8.000 
Shoulder Slope-Ft./Ft.--Ss = 0.024 

Gutter Width-Ft.--W = 2 .500  
Gutter Slope-Ft'./Ft.--Sw = 0 .067  

Gutter Depression-Inches-- - - 2 . 0 1 0  
Manning's IN = 0.016 

Flow-CFS--Q = 0 . 6 0 0 ' ) ' ~ '  
SPREAD-Ft . --T = 6.765 - B ' A - ~ Y  

Average Velocity-V-fps = 0.878 

FLOW in Gutter-CFS--Q = 0 .489  
% Flow in Gutter-CFS = 81 .498  

Velocity of Flow in Gutter-ips = 1 . 0 5 1  
Depth at Curb Line-Inches--d = 3.238 

GRATE TYPE: ADOT STD.--C15.91~ 

Grate Length--Ft. = 3  - 3 5 4  
Grate Width---Ft. = 2 .000  

Grate Area--Sq. Ft. = 5 . 1 7 1  
CaptureRatio - -  GRATE = 0.500 

Effective Perimeter--Ft. = 7 .354  
Splash-Over Velocity--FPS = 7.354 

Local Gutter Depression-Inches = 1.000-  

Flow-CFS--Q = 0 .600  
GUTTER FLOW at INLET-CFS--Q = 0 .557  
Gutter Velocity at INLET-ips = 1 . 1 3 1  

Depth at INLET Curb Line-Inches--d = 3 .868  

Frontal Flow Intercepted by GRATE--CFS = 0 .525  
: Lateral Flow Intercepted by GRATE--CFS = 0 . 0 6 1  

TOTAL Flow Intercepted by GRATE--CFS = 0 .587  

% FLOW Intercepted = 97.764 
By-pass Flow--CFS = 0.013*  



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

10-25-2004 
PROJECT NAME- R f i  TRACS NO. - 
HIGHWAY NAME- 

Ver 3.40: December 1995 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.111 
Roadway Cross-Slope-Ft./~t.--Sx = 0.024 

Shoulder Width-Ft.-- = 8.000 
Shoulder Slope-Ft./~t.--Ss = 0.024 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- = 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 0.800'5u~t 
SPREAD-Ft.--T = 7.820 -$$'-aF 

Average velocity-V-fps = 0.922 

FLOW in Gutter-CFS--Q = 0.600 
% Flow in Gutter-CFS = 74.976 

Velocity of Flow in Gutter-fps = 1.135 
Depth at Curb Line-Inches--d = 3.542 

GRATE TYPE: ADOT STD. --C15.91° 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Capture Ratio - -  GRATE = 0.500 

Effective Perimeter--Ft. = 7.354 
Splash-Over Velocity--FPS = 7.354 

1.000 J Local Gutter Depression-Inches = 

Flow-CFS--Q = 0.800 
GUTTER FLOW at INLET-CFS--Q = 0.692 
Gutter Velocity at INLET-fps = 1.221 

Depth at INLET Curb Line-Inches--d = 4.224 

Frontal Flow Intercepted by GRATE--CFS = 0.642 
Lateral Flow Intercepted by GRATE--CFS = 0.117 
TOTAL Flow Intercepted by GRATE--CFS = 0.759 

% FLOW Intercepted = 94.897 
By-pass Flow--CFS = 0.041 - 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- fin 
HIGHWAY NAME- 
LOCATION - ~n !\36-,53 L +  
Ver 3.40: December 1995 

TRACS NO 
DESIGNER 
CHECKER :G~l f  PAGE 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 
Roadway Cross-Slope-Ft./Ft.--Sx = 

Shoulder Width-Ft.-- = 
Shoulder Slope-Ft./Ft.--Ss = 

Gutter Width-Ft.--W = 
Gutter Slope-Ft./Ft.--Sw = 

Gutter Depression-Inches-- = 
Manning's IN = 

Flow-CFS--Q = 0.600 -Io{r 
SPREAD-Ft . --T = 6.884- 6ie~ 

Average Velocity-V-fps = 0.853 

FLOW in Gutter-CFS--Q = 0.484 
.% Flow in Gutter-CFS = 80.745 

Velocity of Flow in Gutter-fps = 1.025 
Depth at Curb Line-Inches--d = 3.273 

GRATE TYPE: ADOT STD.--C15.91r 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Capture Ratio - -  GRATE = 0.500 

Effective Perimeter--Ft. = 7.354 
Splash-Over Velocity--FPS = 7.354 

Local Gutter Depression-Inches = 1.000 - 
Flow-CFS--Q = 0.600 

GUTTER FLOW at INLET-CFS--Q = 0.553 
Gutter Velocity at INLET-fps = 1.104 

Depth at INLET Curb Line-Inches--d = 3.909 

Frontal Flow Intercepted by GRATE--CFS = 0.520 
Lateral Flow Intercepted by GRATE--CFS = 0.065 
TOTAL Flow Intercepted by GRATE--CFS = 0.586 

% FLOW Intercepted = 97.621 
By-pass Flow--CFS = 0.014C- 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 
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PROJECT NAME- RM TRACS NO. - 
HIGHWAY NAME- DESIGNER - R5R 
LOCAT I ON - M L W G  5 3  L +  CHECKER - f l ~ g  PAGE 
Ver 3.40: December 1995 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 
Roadway Cross-Slope-Ft./Ft.--Sx = 

Shoulder Width-Ft.-- = 
Shoulder Slope-Ft./Ft.--Ss = 

Gutter Width-Ft . --W = 
Gutter Slope-Ft./Ft.--Sw = 

Gutter Depression-Inches-- = 
Manning's 'N = 

Flow-CFS--Q = 
SPREAD-Ft.--T = 

Average Velocity-V-fps = 

FLOW in Gutter-CFS--Q = 
% Flow in Gutter-CFS = 

Velocity of Flow in Gutter-fps = 
Depth at Curb Line-Inches--d = 

GRATE TYPE: ADOT STD.--C15.91M 

Grate Length--Ft. = 
Grate Width---Ft. = 

Grate Area--Sq. Ft. = 
Capture Ratio --  GRATE = 

Effective Perimeter--Ft. = 
Splash-Over Velocity--FPS = 

Local Gutter ~epression-Inches 

FLOW-CFS--Q 
GUTTER FLOW at INLET-CFS--Q 
Gutter Velocity at INLET-fps 

Depth at INLET Curb Line-Inches--d 

Frontal Flow Intercepted by GRATE--CFS 
Lateral Flow Intercepted by GRATE--CFS 
TOTAL Flow Intercepted by GRATE--CFS 

% FLOW Intercepted 
By-pass Flow--CFS 



ARIZONA DEPARTMENT OF TRANSPORTATION 
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10-25-2004 
PROJECT NAME- R f l  TRACS NO. - 
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Ver 3.40: December 1995 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 
Roadway Cross-Slope-Ft./Ft.--Sx = 

Shoulder Width-Ft.-- = 
Shoulder Slope-Ft./Ft.--Ss = 

Gutter Width-Ft.--W = 
Gutter Slope-Ft./Ft.--Sw = 

Gutter Depression-Inches-- = 
Manning's 'N = 

Flow-CFS--Q = 0.500-1°1r 
SPREAD-Ft.--T = 6 -289- B'--&* 

Average Velocity-V-fps = 0.821 

FLOW in Gutter-CFS--Q = 0.423 
% Flow in Gutter-CFS = 84.521 

Velocity of Flow in Gutter-fps = 0.968 
Depth at Curb Line-Inches--d = 3.101 

GRATE TYPE: ADOT STD.--C15.914 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Capture Ratio - -  GRATE = 0.500 

Effective Perimeter--Ft. = 7.354 
Splash-Over Velocity--FPS = 7.354 

Local Gutter Depression-Inches = 1.000- 

Flow-CFS--Q = 0.500 
GUTTER FLOW at INLET-CFS--Q = 0.477 
Gutter Velocity at INLET-fps = 1.042 

Depth at INLET Curb Line-Inches--d = 3.703 

Frontal Flow Intercepted by GRATE--CFS = 0.453 
Lateral Flow Intercepted by GRATE--CFS = 0.040 
TOTAL Flow Intercepted by GRATE--CFS = 0.494 

% FLOW Intercepted = 98.760 
By-pass Flow--CFS = 0.006- 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

CIH 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.101 
Roadway Cross-Slope-Ft./~t.--Sx = 0.024 

Shoulder Width-Ft.-- = 8.000 
Shoulder Slope-Ft . / ~ t  . --Ss = 0.024 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./~t.--Sw = 0.067 

Gutter Depression-Inches-- - - 2.010 
Manning's IN = 0.016 

Flow-CFS--Q, = 0.800 - 5 U r r  
SPREAD-Ft.--T = 7.993 - %'-a% 

Average Velocity-V-ips = 0.888 

FLOW in Gutter-CFS--Q = 0.592 
% Flow in Gutter-CFS = 73.943 

Velocity of Flow in Gutter-fps = 1.098 
Depth at Curb Line-Inches--d = 3.592 

GRATE TYPE: ADOT STD.--C15.91 ' 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Capture Ratio - -  GRATE = 0.500 

Effective Perimeter--Ft. = 7.354 
Splash-Over Velocity--FPS = 7.354 

Local Gutter Depression-Inches = 1.000 - 
Flow-CFS--Q = 0.800 

GUTTER FLOW at INLET-CFS--Q = 0.683 
Gutter Velocity at INLET-fps = 1.180 

Depth at INLET Curb Line-Inches--d = 4.282 

Frontal Flow Intercepted by GRATE--CFS = 0.632 
Lateral Flow Intercepted by GRATE--CFS = 0.125 
TOTAL Flow Intercepted by GRATE--CFS = 0.757 

& FLOW Intercepted = 94.655 
By-pass Flow--CFS = 0.043- 
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SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.250 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.024 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.024 

Gutter Width-Ft . --W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- = 2.010 
Manning's 'N = 0.016 

Flow-CFS- -Q = 4 -600-\Oyt 
SPREAD-Ft. --T = 14.128 - \b'--%r 

Average Velocity-V-fps = 1.819 

FLOW in Gutter-CFS--Q = 2.175 
% Flow in Gutter-CFS = 47.274 

Velocity of Flow in Gutter-fps = 2.397 ,, 
Depth at Curb Line-Inches--d = 5.359 - 6 m a r  

SLOTTED DMIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91 4. 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354. 

Depth at INLET Curb Line-Inches--d = 6.193 
Local Gutter Depression-Inches = l.OOOy 

Length of opening: TOTAL Intercept--Ft. = 17.332 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S .D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - - - - - - - - -  - - - - - - - - - -  - - - - - - -  
5.000 0.458 2.107 1.870 3.977 0.623 86.47 
10.000 0.787 3.622 0.929 4.551 0.049 98.94 
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SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.250 
Roadway Cross-Slope-Ft./~t.--Sx = 0.024 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./~t.--Ss = 0.024 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./~t.--Sw = 0.067 

Gutter Depression-Inches-- - 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 7.400 - S Q Y ~  
SPREAD-Ft . --T = 17.124- 2 t I m - 9  

Average velocity-V-fps = 2.026 

FLOW in Gutter-CFS--Q = 2.931 
%Flow inGutter-CFS = 39.602 

Velocity of Flow in Gutter-fps = 2.697 
Depth at Curb Line-Inches--d = 6.222 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91 ' 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Wer Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 7.087 
Local Gutter Depression-Inches = 1.000r 

Length of opening: TOTAL Intercept--Ft. = 22.685 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S .D. ) Q (GRATE) Q (INT. ) Q (BY-pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - - - - - - - - - -  - - - - - - -  - - - - - - - - - -  - - - - - - -  
5.000 0.361 2.673 2.863 5.536 1.864 74.81 
10.000 0.649 4.801 1.935 6.736 0.664 91.02 
15.000 0.857 6.345 0.990 7.336 0.064 99.13 
20.000 0.979 7.241 0.159 7.400 0.000 
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SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.250 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.024 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.024 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- = 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 5.200-lQ2' 
SPREAD-Ft . --T = 14.854 -t&'---s 

Average Velocity-V-fps = 1.869 

FLOW in Gutter-CFS--Q = 2.349 
% Flow in Gutter-CFS = 45.181 

Velocity of Flow in Gutter-fps = 2.471 ,, 
Depth at Curb Line-Inches--d = 5 -568 - 6 - - & y  

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91/ 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 6-41? 
Local Gutter Depression-Inches = 1.000 / 

Length of opening: TOTAL Intercept--Ft. = 18.583 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D. ) Q(GRATE) Q(1NT. ) Q(By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - -  
5.000 0.431 2.242 2.117 4.359 0.841 83.834- 
10.000 0.751 3.905 1.170 5.075 0.125 97.60 

0.948 4.931 0.269 5.200 0.000 100.00 
1.000 5.200 0.000 5.200 0.000 100.00 
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SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.250 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.024 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./~t.--SS = 0.024 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- = 2.010 
Manning's 'N = 0.016 

Flow-CFS--Q = 8.100 
SPREAD-Ft.--T = 17.752 

Average Velocity-V-fps = 2.069 

FLOW in Gutter-CFS--Q = 3.100 
% Flow in Gutter-CFS = 38.277 

Velocity of Flow in Gutter-fps = 2.757 
Depth at Curb Line-Inches--d = 6.402 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 7.273 
Local Gutter Depression-Inches = 1.000 

Length of opening: TOTAL Intercept--Ft. = 23.866 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S . D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
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I 
SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.250 
Roadway Cross-Slope-Ft./~t.--Sx = 0.024 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./~t.--Ss = 0.024 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./~t.--Sw = 0.067 

Gutter Depression-Inches-- - - 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 4.800-\our 
SPREAD-Ft . --T = 14 -376 -\1'-6-$ 

Average Velocity-V-fps = 1.836 

FLOW in Gutter-CFS--Q = 2.234 
% Flow inGutter-CFS = 46.538 

Velocity of Flow in Gutter-fps = 2.423 ,, 
Depth at Curb Line-Inches--d = 5.430 - d . - ~ 7  

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91/ 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 6.267 
Local Gutter Depression-Inches = 1.000~- 

Length of opening: TOTAL Intercept--Ft. = 17.757 
Capture Ratio --  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S .D. ) Q(GRATE) Q (INT. ) Q (By-Pass) 8 CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - - - - - - - - -  - - - - - - - - - -  - - - - - - -  
5.000 0.449 2.153 1.963 4.117 0.683 85.76* 
10.000 0.775 3.719 1.011 4.730 0.070 98.54 
15.000 0.965 4.632 0.168 4.800 0.000 100.00 
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10-04-2004 
TRACS NO. - 
DESIGNER - !?%I? - - - - -  - a .-. 

t o o  bT CHECKER - / ) p d  PAGE 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.250 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.024 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.024 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- - - 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 7.500 - ~ Q Y C  

SPREAD-Ft. --T = 17.216 - z 2 ' - ' . ~  
Average Velocity-V-fps = 2.032 

FLOW in Gutter-CFS--Q = 2.955 
% Flow in Gutter-CFS = 39.403 

Velocity of Flow in Gutter-fps = 2.705 
Depth at Curb Line-Inches--d = 6.248 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91J 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = .7.114 
Local Gutter Depression-Inches = 1.000 /' 

Length of opening: TOTAL Intercept--Ft. = 22.857 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S.D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 
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SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.250 
Roadway Cross-Slope-Ft./~t.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./~t.--Sw = 0.067 

Gutter Depression-Inches-- = 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 4.500 * i V , Y T  

SPREAD-Ft.--T = 15.645 ' l b - - - ~  
Average Velocity-V-fps = 1.734 

FLOW in Gutter-CFS--Q = 2.017 
% Flow in Gutter-CFS = 44.831 

Velocity of Flow in Gutter-fps = 2.328 ,, 
Depth at Curb Line-Inches--d = 5.165 - d k e - r  

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91 - 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 6.011 
Local Gutter Depression-Inches = 1.000 - 

Length of opening: TOTAL Intercept--Ft. = 17.774 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S. D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - -  
5.000 0.448 2.017 1.831 3.848 0.652 85.50- 
10.000 0.774 3 -484 0.954 4.438 0.062 98.63 
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SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.250 
Roadway Cross-Slope-Ft./~t.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./~t.--Sw = 0.067 

Gutter Depression-Inches-- - - 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 6.800 -103 t 

SPREAD-Ft. --T = 18.515 -ZZ'-L$ 

Average Velocity-V-fps = 1.902 

FLOW in Gutter-CFS--Q = 2.597 
% Flow in Gutter-CFS = 38.191 

Velocity of Flow in Gutter-fps = 2.571 
Depth at Curb Line-Inches--d = 5.854 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.914 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Ve1oci.t~--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 6.726 
Local Gutter Depression-Inches = 1.000 ' 

Length of opening: TOTAL Intercept--Ft. = 22.626 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - - GRATE = 0.500 

LENGTH Efficiency Q (S .D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - - - - - - - - -  - - - - - - - - - -  - - - - - - -  
5.000 0.362 2.462 2.603 5.065 1.735 74.49- 
10.000 0.650 4.420 1.780 6.201 0.599 91.18 
15.000 0.859 5.840 0.910 6.750 0.050 99.27 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

10-04-2004 @ PROJECT NAME- R*) TRACS NO. - 
HIGHWAY NAME- DESIGNER - R S R  
LOCATION - htO \ \ S 3 t  l (  L r CHECKER - &@Jf PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.250 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- = 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 4.400 - 1 Q  r F  
SPREAD-Ft. --T = 15.500-I6""v 

Average Velocity-V-fps = 1.726 

FLOW in Gutter-CFS--Q = 1.990 
% Flow in Gutter-CFS = 45.221 

Velocity of Flow in Gutter-fps = 2.315 
Depth at Curb Line-Inches--d = 

t r  5.130 -6 ,,, 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91/ 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 5.975 
Local Gutter Depression-Inches = 1.000 .+- 

Length of opening: TOTAL Intercept--Ft. = 17.541 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q ( S . D . )  Q(GRATE) Q(1NT. ) Q(By-Pass) % CAPT. 
- - - - - - - - - - - - - - - -  - - - - - - -  - - - - - - - - - - - - - - -  - - - - - - - - - -  - - - - - - -  
5.000 0.453 1.995 1.793 3.788 0.612 86.08- 
10.000 0.781 3.437 0.912 4.350 0.050 98.86 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME-W TRACS NO. - 
HIGHWAY NAME- 
LOCATION - A L  w 6  
Ver 3.40: December 19 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.250 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

shoulder 'Width-~t . - -  = 10.000 
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- - - 2.010 
Manning's 'N = 0.016 

Flow-CFS--Q = 6.200 - 5 u j t  
SPREAD-Ft. --T = 17 .837-2zb--b.* 

Average Velocity-V-fps = 1.863 

FLOW in Gutter-CFS--Q = 2.455 
% Flow in Gutter-CFS = 39.592 

Velocity of Flow in Gutter-fps = 2.515 
Depth at Curb Line-Inches--d = 5.691 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91 ' 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 6.558 
Local Gutter Depression-Inches = 1.000' 

Length of opening: TOTAL Intercept--Ft. = 21.442 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S .D. ) Q (GRATE) Q (INT. ) Q (BY-Pass) 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - -  - - - - - - - - - -  
5.000 0.380 2.356 2.417 4.773 1.427 
10.000 0.677 4.198 1.584 5.782 0.418 
15.000 0.885 5.488 0.700 6.188 0.012 
20.000 0.992 6.152 0.048 6.200 0.000 

& CAPT. 
- - - - - - -  
76.98- 
93.26 
99.80 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

10-08-2004 
PROJECT NAME- R/l TmCS NO. - 
HIGHWAY NAME- DESIGNER - ~ s p  
LOCAT I ON - f l L  LJa 11 6\ 3-75 L f CHECKER - np~v PAGE 
Ver 3.40: December 1995 

- . - - 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRaULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.250 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- = 2.010 
Manning's IN = 0.016 

Flow-CFS- -Q = 4.700 
SPREAD-Ft.--T = 15.929 

Average Velocity-V- fps = 1.751 

FLOW in Gutter-CFS--Q = 2.072 
% Flow in Gutter-CFS = 44.085 

Velocity of Flow in Gutter-fps = 2.352 
Depth at Curb Line-Inches--d = 5.233 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 6.082 
Local Gutter Depression-Inches = 1.000 

Length of opening: TOTAL Intercept--Ft. = 18.234 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q ( S  .D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - - - - - - - - - - - - - - - - -  - - - - - - - - - -  - - - - - - -  
5.000 0.438 2.060 1.905 3.966 0.734 84.38 

10.000 0.761 3.576 1.036 '4.612 0.088 98.13+ 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

10-08-2004 
PROJECT NAME- R f l  TRACS NO. - 
HIGHWAY NAME - DESIGNER - RsR 
LOCAT ION - 4 C W B  7 L*  CHECKER - f l ~ V  PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G 
Roadway Cross-Slope-Ft./Ft.--Sx 

Shoulder Width-Ft . - - 
Shoulder Slope-Ft./Ft.--Ss 

Gutter Width-Ft.--W 
Gutter Slope-Ft./Ft.--Sw 

Gutter Depression-Inches-- 
Manning's IN 

Flow-CFS- -Q = 6.500 
SPREAD-Ft.--T = 18.181 

Average Velocity-V-fps = 1.883 

FLOW in Gutter-CFS--Q = 2.527 
% Flow inGutter-CFS = 38.869 

Velocity of Flow in Gutter-fps = 2.543 
Depth at Curb Line-Inches--d = 5.773 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 6.643 
Local Gutter Depression-Inches = 1.000 

Length of opening: TOTAL Intercept--Ft. = 22.040 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S .D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - A -  - - - - - - - -  - - - - - - -  - - - - - - - - - -  - - - - - - -  
5.000 0.371 2.409 2.511 4.921 1.579 75.71 
10.000 0.663 4.311 1.679 5.989 0.511 92.15- 
15.000 0.872 5.667 0.806 6.472 0.028 99.58 
20.000 0.986 6.410 0.090 6.500 0.000 

l o o m o 8  



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- ~ f i  TRACS NO. - 
HIGHWAY NAME- DESIGNER - Rsp 
LOCATION - ML ~ i 3  !165.td0 L+  CHECKER - /l.jQV PAGE 
Ver 3.40 : December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.250 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--SS = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- = 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 4.600-Wy; 
SPREAD-Ft. --T = 15.788-'b-&* 

Average Velocity-V-fps = 1.743 

FLOW in Gutter-CFS--Q = 2.045 
% Flow in Gutter-CFS = 44.453 

Velocity of Flow in Gutter-fps = 2.340 
Depth at Curb Line-Inches--d = 5.199 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91 ' 

Grate Length- -Ft . = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 6.047 
Local Gutter Depression-Inches = 1.000-1 

Length of opening: TOTAL Intercept--Ft. = 18.005 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D.) Q(GRATE) Q(1NT.) Q(B~-Pass) % CAPT. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- RM 
HIGHWAY NAME- 
LOCATION - ML UQ rlbgt5d L+ 
Ver 3 .40 :  December 1995 

TRACS NO 
DESIGNER 
CHECKER 

10-08-2004 

R s R  un\l PAGE 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.250 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 10 .000  
Shoulder Slope-Ft./Ft.--Ss = 0 .020  

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./~t.--Sw = 0.067 

Gutter Depression-Inches-- = 2.010 
Manning's IN = 0.016 

Flow-CFS- -Q = 6.800-  S O Y  
SPREAD-Ft . - -T = 1 8 . 5 1 5  -2z'-*fl 

Average Velocity-V-fps = 1 . 9 0 2  

FLOW in Gutter-CFS--Q = 2.597 
% Flow in Gutter-CFS = 38.191 

Velocity of Flow in Gutter-fps = 2 .571  
Depth at Curb Line-Inches--d = 5.854 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.9lY 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5 . 1 7 1  
Splash-Over Velocity--FPS = 7 .354  

Depth at INLET Curb Line-Inches--d = 6.726 
Local Gutter Depression-Inches = 1.000" 

Length of opening: TOTAL Intercept--Ft. = 22.626 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S.D. ) Q(GRATE) Q (INT. ) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - -  - - - - - - - - - -  ---..---- 

5.000 0.362 2.462 2 . 6 0 3  5 . 0 6 5  1 . 7 3 5  74.49- 
10 .000  0.650 4.420 1 . 7 8 0  6 . 2 0 1  0.599 91.18 
15 .000  0.859 5.840 0.910 6 .750  0.050 99.27 
20.000 0 .979  6.659 0 . 1 4 1  6 .800  0.000 

loo - O@ 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME-$4 
HIGHWAY NAME- 
LOCATION - 4 L L 3 R  lib8423 &+ 
Ver 3.40: December 1995 

TRACS NO 
DESIGNER 
CHECKER 

Rsn 
n/'n\/ PAGE 

I SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.250 
Roadway Cross-Slope-Ft./~t.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./~t.--Sw = 0.067 

Gutter Depression-Inches-- = 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 3 -700-Nyt 
SPREAD-Ft . --T = 14 -419 ' , b 1 - - - 8  

Average Velocity-V-fps = 1.662 

FLOW in Gutter-CFS--Q = 1.788 
% Flow in Gutter-CFS = 48.332 

Velocity of Flow in Gutter-fps = 2.221 
Depth at Curb Line-Inches--d = 4.871 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRaTE TYPE: ADOT STD.--C15.91 / 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 5.702 
Local Gutter Depression-Inches = 1.000 ' 

Length of opening: TOTAL Intercept--Ft. = 15.840 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S .D. ) Q(GRATE) Q(1NT. ) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - - - - - - - - -  - - - - - - - - - -  - - - - - - -  
5.000 0.495 1.831 1.511 3 -342 0.358 90.32- 
10 .OOO 0.834 3.086 0.609 3.695 0.005 99.86 

0.995 3.681 0.019 3.700 0.000 100.00 
1.000 3.700 0.000 3.700 0.000 100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION . 
DRAINAGE DESIGN SECTION 

PROJECT NAME- nfi 
HIGHWAY NAME- 
LOCATION - M t  uB \\b8 + 23 L f i  
Ver 3.40: December 1995 

TRACS NO 
DESIGNER 
CHECKER 

R3r7  
NBV PAGE 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.250 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--SW = 0.067 

Gutter Depression-Inches-- - - 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 5.900 . 5 o ~ r  
SPREAD-Ft.--T = 17.482-'r1'ec^~ 

Average Velocity-V-fps = 1.842 

FLOW in Gutter-CFS--Q = 2.382 
% Flow in Gutter-CFS = 40.365 

Velocity of Flow in Gutter-fps = 2.485 
Depth at Curb Line-Inches--d = 5.606 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91J 

Grate Length--Ft. = 3.354 
- Grate Width---Ft. - 2.000 

Grate Area--Sq. Ft. = 5 .171  
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 6.470 
Local Gutter Depression-Inches = 1.000' 

Length of opening: TOTAL Intercept--Ft. = 20.831 
Capture Ratio --  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S .D. ) Q (GRATE) Q(1NT. ) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - - - - - - - - -  - - - - - - - - - -  - - - - - - -  

5.000 0.390 2.300 2 . 3 2 1  4 .621  1 .279  78.32- 
10.000 0.692 4.082 1.482 5.564 0.336 94 .31  



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

10-08-2004 
' PROJECT NAME- R f l  TRACS NO. - 

HIGHWAY NAME- DESIGNER - Rs~? 
LOCATION - f l L w B  \ 1 7 Q t 2 - M  L +  CHECKER - A J ~ V  PAGE 
Ver 3 -40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.250 
Roadway Cross-Slope-Ft./~t.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- = 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 2.200-"~: 
SPREAD-Ft . - -T = 11.516 - ""x 

Average Velocity-V-fps = 1.493 

FLOW in Gutter-CFS--Q = 1.292 
% Flow in Gutter-CFS = 58.722 

Velocity of Flow in Gutter-fps = 1.957 
Depth at Curb Line-Inches--d = 4.174 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91~ 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 4.957 
Local Gutter Depression-Inches = 1.000( 

Length of opening: TOTAL Intercept--Ft. = 11.660 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH ~fficiency Q (S.D. ) Q(GRATE) Q(1NT.) Q (By-Pass) % CAPT. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- nfi 
HIGHWAY NAME - - 

LOCATION - f i ~  W B  \ n o t z ~ t  ~r 
Ver 3.40 : December 1995 

TRACS NO 
DESIGNER 
CHECKER 
RsR ,,tj~>v PAGE 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.250 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

shoulder width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- - - 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 3.900 - 5 o y r  
SPREAD-Ft. --T = 14.741-'Z~.'--c-r 

Average Velocity-V-fps = 1.681 

FLOW in Gutter-CFS- -Q = 1.847 
% Flow in Gutter-CFS = 47.369 

Velocity of Flow in Gutter-fps = 2.249 
Depth at Curb Line-Inches--d = 4.948 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91 ( 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 5.784 
Local Gutter Depression-Inches = 1.000 ' 

Length of opening: TOTAL Intercept--Ft. = 16.339 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S .D. ) Q (GRATE) Q (INT. ) Q (BY-pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - -  - - - - - - - - - -  - - - - - - -  
5.000 0.482 1.879 1.573 3.453 0.447 88.53 
10.000 0.818 3.191 0.697 3.888 0.012 99.69- 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

10-21-2004 

PROJECT NAME- TRACS NO. - 
DESIGNER - KG/? .- 

LOCAT I ON -E9L ~ $ \ 3  1172.430 C .t CHECKER - )bD> PAGE 
3 5 

- ~ 

Ver 3 -40: December 19' 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.132 
Roadway Cross-Slope-Ft./~t.--Sx = 0.020 

Shoulder Width-Ft.-- = 8.000 
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./~t.--Sw = 0.067 

GutterDepression-Inches-- = 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 0.500- ~ Q , Y '  
SPREAD-Ft.--T = 6.418 - % w a r  

Average Velocity-V-fps = 0.895 

FLOW in Gutter-CFS--Q = 0.429 
% Flow in Gutter-CFS = 85.793 

Velocity of Flow in Gutter-fps = 1.058 
Depth at Curb Line-Inches--d = 2.950 

GRATE TYPE: ADOT STD.--C15.9lY 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Capture Ratio - -  GRATE = 0.500 

Effective Perimeter--Ft. = 7.354 
Splash-Over Veloci'ty--FPS = 7.354 

Local Gutter Depression-Inches = 1.000 r 

Flow-CFS--Q = 0.500 
GUTTER FLOW at INLET-CFS--Q = 0 -485 
Gutter Velocity at INLET-fps = 1.145 

Depth at INLET Curb Line-Inches--d = 3.538 

Frontal Flow Intercepted by GRATE--CFS = 0.465 
Lateral Flow Intercepted by GRATE--CFS = 0.031 
TOTAL Flow Intercepted by GRATE--CFS = 0.495 

% FLOW Intercepted = 99.081 
By-pass Flow--CFS = 0.005 g--" 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- R h  
HIGHWAY NAME- 
LOCATION - ufi \\12t30 Ct 
Ver 3.40: December 1995 

TRACS NO. - 
DESIGNER - 
CHECKER - dr?~ra\/ PAGE 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 
Roadway Cross-Slope-Ft./Ft.--Sx = 

- Shoulder Width-Ft.-- - 
Shoulder Slope-Ft./Ft.--Ss = 

Gutter Width-Ft.--W = 
Gutter Slope-Ft./Ft.--Sw = 

Gutter Depression-Inches-- - - 
Manning's IN = 

Flow-CFS- -Q = 0. 700b5'? 7 
SPREAD-Ft.--T = 7.738 B M W  

Average Velocity-V-fps = 0.939 

FLOW in Gutter-CFS--Q = 0.545 
% Flow in Gutter-CFS = 77.815 

Velocity of Flow in Gutter-fps = 1.156 
Depth at Curb Line-Inches--d = 3.267 

GRATE TYPE: ADOT STD.--C15.91~ 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft . = 5.171 
Capture Ratio - -  GRATE = 0.500 

Effective Perimeter--Ft. = 7.354 
Splash-Over Velocity--FPS = 7.354 

Local Gutter Depression-Inches = 1.000, 

Flow-CFS- -Q = 0.700 
GUTTER FLOW at INLET-CFS--Q = 0.632 
Gutter Velocity at INLET-fps = 1.252 

Depth at INLET Curb Line-Inches--d = 3.929 

Frontal Flow Intercepted by GRATE--CFS = 0.594 
Lateral Flow Intercepted by GRATE--CFS = 0.081 
TOTAL Flow Intercepted by GRATE--CFS' = 0.675 

% FLOW Intercepted = 96.481 
By-pass Flow--CFS = 0.025- 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- fi M 

HIGHWAY NAME- 
LOCATION - f l L  ~ J G  1172t66 L f 
Ver 3.40: December 1995 

TRACS NO 
DESIGNER 
CHECKER IVDf PAGE 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 
Roadway Cross-Slope-Ft./~t.--Sx = 

Shoulder Width-Ft.-- = 
Shoulder Slope-Ft./~t.--Ss = 

Gutter Width-Ft . --W = 
Gutter Slope-Ft./~t.--Sw = 

Gutter Depression-Inches-- = 
Manning's IN = 

Flow-CFS--Q = 0.500- /"r 

SPREAD-Ft.--T = 6.307 -$-r 
Average Velocity-V-fps = 0.918 

FLOW in Gutter-CFS--Q = 0.432 
% Flow in Gutter-CFS = 86.453 

Velocity of .Flow in Gutter-fps = 1.081 
Depth at Curb Line-Inches--d = 2.924 

GRATE TYPE: ADOT STD.--C15.911 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Capture Ratio - -  GRATE = 0.500 

Effective Perimeter--Ft. = 7.354 
Splash-Over Velocity--FPS = 7.354 

Local Gutter Depression-Inches = 1.000- 

Flow-CFS--Q = 0.500 
GUTTER FLOW at INLET-CFS--Q = 0.487 
Gutter Velocity at INLET-fps = 1.170 

Depth at INLET Curb Line-Inches--d = 3.503 

Frontal Flow Intercepted by GRATE--CFS = 0.468 
Lateral Flow Intercepted by GRATE--CFS = 0.028 
TOTAL Flow Intercepted by GRATE--CFS = 0.496 

% FLOW Intercepted = 99.165 
By-pass Flow--CFS = 0.004- 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

10-22-2004 
PROJECT NAME- R&I TRACS NO. - 
HIGHWAY NAME- DESIGNER - t 2 ~ p  
LOCATION - r ) ~  w a  \\32-tBb L + CHECKER - NDV PAGE 
Ver 3.40: December 1995 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 
Roadway Cross-Slope-Ft./Ft.--Sx = 

- Shoulder Width-Ft.-- - 
Shoulder Slope-Ft./~t.--Ss = 

Gutter Width-Ft.--W = 
Gutter Slope-Ft./Ft.--Sw = 

Gutter Depression-Inches-- - - 
Manning's IN = 

Flow-CFS--Q = 0.700 -5:yf '  
SPREAD-Ft.--T = 7.618-8-r 

Average Velocity-V-fps = 0.963 

FLOW in Gutter-CFS--Q = 0.550 
% Flow in Gutter-CFS = 78.520 

Velocity of Flow in Gutter-fps = 1.181 
Depth at Curb Line-Inches--d = 3.238 

GRATE TYPE: ADOT STD.--C15.91, 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Capture Ratio - -  GRATE = 0.500 

Effective Perirneter--Ft. = 7.354 
Splash-Over Velocity--FPS = 7.354 

Local Gutter Depression-Inches = 1.000- 

Flow-CFS--Q 
GUTTER FLOW at INLET-CFS--Q 
Gutter Velocity at INLET-fps 

Depth at INLET Curb Line-Inches--d 

Frontal Flow Intercepted by GRATE--CFS 
Lateral Flow Intercepted by GRATE--CFS 
TOTAL Flow Intercepted by GRATE--CFS 

% FLOW Intercepted 
By-pass Flow--CFS 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

) PROJECT NAME- P n  

Ver 3.40: ~ecember 1995 

10-22-2004 
TRACS NO. - 

GRATE INLET DESIGN - -  ON G W E  

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 
Roadway Cross-Slope-Ft./Ft.--Sx = 

Shoulder Width-Ft.-- = 
Shoulder Slope-Ft./Ft.--Ss = 

Gutter Width-Ft.--W = 
Gutter Slope-Ft./Ft.--Sw = 

Gutter Depression-Inches-- = 
Manning's IN = 

Flow-CFS--Q = 0. 500-k0y~ 
SPREAD-Ft.--T = 6.228 - 8 ' ~ " x  

Average Velocity-V-fps = 0.935 

FLOW in Gutter-CFS--Q = 0.435 
% Flow in Gutter-CFS = 86.919 

Velocity of Flow in Gutter-fps = 1.098 
Depth at Curb Line-Inches--d = 2.905 

GRATE TYPE: ADOT STD.--C15.91' 

Grate Length--Ft. = 3.354 
Grate Width- - -Ft . = 2.000 

Grate Area--Sq. Ft. = 5.171 
Capture Ratio - -  GRATE = 0.500 

Effective Perimeter--Ft. = 7.354 
Splash-Over Velocity--FPS = 7.354 

Local Gutter Depression-Inches = 1.000- 

Flow-CFS--Q = 0.500 
GUTTER FLOW at INLET-CFS--Q = 0.488 
Gutter Velocity at INLET-fps = 1.188 

Depth at INLET Curb Line-Inches--d = 3 -479 

Frontal .Flow Intercepted by GRATE--CFS = 0.470 
Lateral Flow Intercepted by GRATE--CFS = 0.027 
TOTAL Flow Intercepted by GRATE--CFS = 0.496 

% FLOW Intercepted = 99.222 
By-pass Flow--CFS = 0.004- 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- RM 
HIGHWAY NAME- 
LOCATION - lYlL t j C 3  1173t03 A t 
Ver 3.40: December 1995 

TRACS NO 
DESIGNER 
CHECKER 

R5R 
,,bad 

10-22-2004. 
PAGE 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 
Roadway Cross-Slope-Ft./Ft.--Sx = 

Shoulder Width-Ft.-- = 
Shoulder Slope-Ft./Ft.--Ss = 

Gutter Width-Ft.--W = 
Gutter Slope-Ft./Ft.--Sw = 

Gutter Depression-Inches-- - - 
Manning's 'N = 

Flow-CFS--Q = 0.700 -syYC 
SPREAD-Ft.--T = 7 . 5 3 3 - S Y - ~  

Average Velocity-V-fps = 0.980 

FLOW in Gutter-CFS--Q = 0.553 
& Flow in Gutter-CFS = 79.022 

Velocity of Flow in  utter-fps = 1.200 
Depth at Curb Line-Inches--d = 3.218 

GRATE TYPE: ADOT STD.--C15.91, 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5 .171  
Capture Ratio - -  GRATE = 0.500 

Effective Perimeter--Ft. = 7.354 
Splash-Over Velocity--FPS = 7.354 

Local Gutter Depression-Inches = 1.000 - 
Flow-CFS--Q = ' 0.700 

GUTTER FLOW at INLET-CFS--Q = 0.640 
Gutter Velocity at INLET-fps = 1.299 

Depth at INLET Curb Line-Inches--d = 3.870 

Frontal Flow Intercepted by GRATE--CFS = 0.603 
Lateral Flow Intercepted by GRATE--CFS = 0.074 
TOTAL Flow Intercepted by GRATE--CFS = 0.678 

% FLOW Intercepted = 96.795 
By-pass Flow--CFS = 0.022 4--- 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

10-22-2004 
PROJECT NAME - Rjq TRACS NO. - 
HIGHWAY NAME- DESIGNER - p5/it 
LOCATION L 3 t t 7 3 S Y  / L. f CHECKER - PAGE 
Ver 3.40: December 1995 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.152 
Roadway Cross-Slope-Ft./~t.--Sx = 0.020 

Shoulder Width-Ft.-- = 8.000 
Shoulder Slope-Ft./Ft.--SS = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- - - 2.010 
Manning's 'N = 0.016 

Flow-CFS--Q = 0.500 - l 9 Y q  
SPREAD-Ft.--T = 6.152-0~*~ 

Average Velocity-V-fps = 0.952 

FLOW in Gutter-CFS--Q = 0 -437 
% Flow in Gutter-CFS = 87.363 

Velocity of Flow in Gutter-fps = 1.114 
Depth at Curb Line-Inches--d = 2.886 

GRATE TYPE: ADOT STD.--C15.9lJr 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Capture Ratio - -  GRATE = 0.500 

Effective Perimeter--Ft. = 7.354 
Splash-Over Velocity--FPS = 7.354 

Local Gutter Depression-Inches = 1.000 '- 

Flow-CFS--Q = 0.500 
GUTTER FLOW at INLET-CFS--Q = 0.490 
Gutter Velocity at INLET-fps = 1.205 

Depth at INLET Curb Line-Inches--d = 3 -455 

Frontal Flow Intercepted by GRATE--CFS = 0.471 
Lateral Flow Intercepted by GRATE--CFS = 0.025 
TOTAL Flow Intercepted by GRATE--CFS = 0.496 

% FLOW Intercepted = 99.275 
By-pass Flow--CFS = 0.004 7 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- ~ / r  TRACS NO. - 
HIGHWAY NAME- DESIGNER - 8SR 
LOCATION -a d n  1 ~ ~ 3 + ~ )  A +  CHECKER - nr O\/ PAGE 
Ver 3.40: ~ecembef 1995 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.152 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 8.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./~t.--Sw = 0.067 

Gutter Depression-Inches-- - - 2.010 
Manning's 'N = 0.016 

Flow-CFS--Q = 0.700 -Soy% 
SPREAD-Ft.--T = 7.452-em&, 

Average Velocity-V-fps = 0.997 

FLOW in Gutter-CFS--Q = 0.557 
% Flow in Gutter-CFS = 79.503 

Velocity of Flow in Gutter-fps = 1.218 
Depth at Curb Line-Inches--d = 3.198 

GRATE TYPE: ADOT STD.--C15.91 ' 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Capture Ratio - -  GRATE = 0.500 

Effective Perimeter--Ft. = 7.354 
Splash-Over Velocity--FPS = 7.354 

Local Gutter Depression-Inches = 1.000- 

Flow-CFS--Q = 0.700 
GUTTER FLOW at INLET-CFS--Q = 0.643 
Gutter Velocity at INLET-fps = 1.319 

Depth at'INLET Curb Line-Inches--d = 3.847 

Frontal Flow Intercepted by GRATE--CFS = 0.607 
Lateral Flow Intercepted by GRATE--CFS = 0.071 
TOTAL Flow Intercepted by GRATE--CFS = 0.678 

% FLOW Intercepted = 96.920 
By-pass Flow--CFS = 0.022 t- 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

10-22-2004 
PROJECT NAME- R f l  TRACS NO. - 
HIGHWAY NAME- DESIGNER - Rg/? 
LOCATION -/QL' d* . \\73t8\ Li CHECKER - dnv  PAGE 
Ver 3.40: December 1995 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G 
Roadway Cross-Slope-Ft./Ft.--Sx 

Shoulder Width-Ft.-- 
Shoulder Slope-Ft./Ft.--Ss 

Gutter Width-Ft . --W 
Gutter Slope-Ft./~t.--Sw 

Gutter Depression-Inches-- 
Manning's IN 

Flow-CFS--Q 
SPREAD-Ft.--T 

Average Velocity-V-fps 

FLOW in Gutter-CFS--Q 
% Flow in Gutter-CFS 

Velocity of Flow in Gutter-fps 
Depth at Curb Line-Inches--d 

GRATE TYPE: ADOT STD.--C15.91' 

Grate Length--Ft. 
Grate Width---Ft. 

Grate Area--Sq. Ft. 
Capture Ratio - -  GRATE 

Effective Perimeter--Ft. 
Splash-Over Velocity--FPS 

Local Gutter Depression-Inches 

Flow-CFS- -Q 
GUTTER FLOW at INLET-CFS--Q 
Gutter Velocity at INLET-fps 

Depth at INLET Curb Line-Inches--d 

Frontal Flow Intercepted by GRATE--CFS 
Lateral Flow Intercepted by GRATE--CFS 
TOTAL Flow Intercepted by GRATE--CFS 

% FLOW Intercepted 
By-pass Flow--CFS 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- R M  
HIGHWAY NAME- 
LOCATION - bb  \\73$8\ Lf  
Ver 3.40: December 1995 

TRACS NO. - 
DESIGNER - 
CHECKER - 

1 - 0 -  \ 

n/'~_v PAGE 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.160 
Roadway Cross-Slope-Ft./~t.--Sx = 0.020 

Shoulder Width-Ft.-- = 8.000 
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./~t.--Sw = 0.067 

Gutter Depression-Inches-- - - 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 0.700- 52) 
SPREAD-Ft.--T = 7.349- Q"W 

Average Velocity-V-fps = 1.019 

FLOW in Gutter-CFS--Q = 0.561 
% Flow in Gutter-CFS = 80.114 

Velocity of Flow in Gutter-fps = 1.241 
Depth at Curb Line-Inches--d = 3.174 

GRATE TYPE: ADOT STD.--C15.91' 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Capture Ratio - -  GRATE = 0.500 

~ffect iveper i rneter- -Ft .  = 7.354 
Splash-Over Velocity--FPS = 7.354 

'Local Gutter Depression-Inches = 1.000- 

Flow-CFS--Q = 0.700 
GUTTER FLOW at INLET-CFS--Q = 0.647 
Gutter Velocity at INLET-fps = 1.344 

Depth at INLET Curb Line-Inches--d = 3.817 

Frontal Flow Intercepted by GRATE--CFS = 0.612 
Lateral Flow Intercepted by GRATE--CFS = 0.068 
TOTAL Flow Intercepted by GRATE--CFS = 0.680 

% FLOW Intercepted = 97.080 
By-pass Flow--CFS = 0.020 - 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- B N )  
HIGHWAY NAME- 

-- -- 

LOCATION - LJo 1 \ 7 4 t Z Y  tit. 
Ver 3.40: December 1995 

TRACS NO 
DESIGNER 
CHECKER 

R 5 I? 

NDV PAGE 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 
Roadway Cross-Slope-Ft./Ft.--Sx = 

Shoulder Width-Ft.-- = 
Shoulder Slope-Ft./Ft.--Ss = 

Gutter Width-Ft.--W = 
Gutter Slope-Ft./Ft.--Sw = 

Gutter Depression-Inches-- = 
Manning's IN = 

Flow-CFS--Q = 
SPREAD-Ft.--T = 

Average Velocity-V-fps = 

FLOW in Gutter-CFS--Q = 0.442 
% Flow in Gutter-CFS = 88.449 

Velocity of Flow in Gutter-fps = 1.156 
Depth at Curb Line-Inches--d = 2.842 

GRATE TYPE: ADOT STD.--C15.91/ 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Capture Ratio - -  GRATE = 0.500 

Effective Perimeter--Ft. = 7.354 
Splash-Over Velocity--FPS = 7.354 

Local Gutter Depression-Inches = 1.000- 

Flow-CFS--Q = 0.500 
GUTTER FLOW at INLET-CFS--Q = 0.492 
Gutter Velocity at INLET-fps = 1.249 

Depth at INLET Curb Line-Inches--d = 3 -396 

Frontal Flow Intercepted by GRATE--CFS = 0 -475 
Lateral Flow Intercepted by GRATE--CFS = 0.022 
TOTAL Flow Intercepted by GRATE--CFS = 0 -497 

% FLOW Intercepted = 99.357 
By-pass Flow--CFS = 0.003 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- 
HIGHWAY NAME- 
LOCATION - M L ' L J ~  - \179+2* & ) 
Ver 3.40: December 1995 

TRACS NO. - 
DESIGNER - 
CHECKER - ND\/ PAGE 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G 
Roadway Cross-Slope-Ft./~t.--Sx 

Shoulder Width-Ft.-- 
Shoulder Slope-Ft./~t.--Ss 

Gutter Width-Ft.--W 
Gutter Slope-Ft./Ft.--Sw 

Gutter Depression-Inches-- 
Manning's IN 

Flow-CFS- -Q = 0.800-s0) ' 
SPREAD-Ft . --T = 7.791 -\'-A* 

Average Velocity-V-fps = 1.061 

FLOW in Gutter-CFS--Q = 0.620 
% Flow in Gutter-CFS = 77.504 

Velocity of Flow in Gutter-fps = 1.308 
Depth at Curb Line-Inches--d = 3.280 

a 
GRATE TYPE: ADOT STD.--C15.91 

Grate Length--Ft. = 3.354 
Grate Width- - -Ft . ' = 2.000 

Grate Area--Sq. Ft. = 5.171 
Capture Ratio - -  GRATE = 0.500 

Effective Perimeter--Ft. = 7.354 
Splash-Over Velocity--FPS = 7.354 

Local Gutter Depression-Inches = 1.000 4 

Flow-CFS--Q = 0.800 
GUTTER FLOW at INLET-CFS--Q = 0.721 
Gutter Velocity at INLET-fps = 1.417 

Depth at INLET Curb Line-Inches--d = 3.946 

Frontal Flow Intercepted by GRATE--CFS = 0.677 
Lateral Flow Intercepted by GRATE--CFS = 0.089 
TOTAL Flow Intercepted by GRATE--CFS = 0.766 

% FLOW Intercepted = 95.745 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 
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PROJECT NAME- R M TRACS NO. - 

DESIGNER - P 5P - - - - - - . - - - n - -- 
LOCATION -lYlLL.JP, \\74 i 67 L t CHECKER - PAGE 

-- - 
Ver 3 .40 :  December 1995 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.174 
Roadway Cross-Slope-Ft./~t.--Sx = 0.020 

Shoulder Width-Ft.-- = 8.000 
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- = 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 0.  6 0 0 - @ ~ C  
SPREAD-Ft.--T = 6.582-  8mr)r 

Average Velocity-V-fps = 1.034 

FLOW in Gutter-CFS--Q = 0.508 
% Flow in Gutter-CFS = 84.712 

Velocity of Flow in Gutter-fps = 1 .229  
Depth at Curb Line-Inches--d = 2 .990  

GRATE TYPE: ADOT STD.--C15.91H 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5 .171  
Capture Ratio - -  GRATE = 0.500 

Effective Perimeter--Ft. = 7.354 
Splash-Over Velocity--FPS = 7.354 

Local Gutter Depression-Inches = l . O O O H  

 low-CFS--Q = 0.600 
GUTTER FLOW at INLET-CFS--Q = 0.578 
Gutter Velocity at INLET-fps = 1 . 3 3 1  

Depth at INLET Curb Line-Inches--d = 3.589 

Frontal Flow Intercepted by GRATE--CFS = 0.552 
Lateral Flow Intercepted by GRATE--CFS = 0.039 
TOTAL Flow Intercepted by GRATE--CFS = 0.592 

% FLOW Intercepted = 98 .611  
By-pass Flow--CFS = 0.008- 
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DRAINAGE DESIGN SECTION 
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Ver 3.40: December 1995 

TRACS NO. - 
DESIGNER - 
CHECKER - 
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GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G 
Roadway Cross-Slope-Ft./Ft.--Sx 

Shoulder Width-Ft.-- 
Shoulder Slope-Ft./Ft.--Ss 

Gutter Width-Ft.--W 
Gutter Slope-Ft./~t.--Sw 

Gutter Depression-Inches-- 
Manning's IN 

Flow-CFS--Q = 0.800 .So;tr 
SPREAD-Ft.--T = 7.719 - 0'-ur 

Average Velocity-V-fps = 1.077 

FLOW in Gutter-CFS--Q = 0.623 
% Flow in Gutter-CFS = 77.925 

Velocity of Flow in Gutter-fps = 1.325 
Depth at Curb Line-Inches--d = 3.263 

GRATE TYPE: ADOT STD.--C15.91 / 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Capture Ratio - -  GRATE = 0.500 

Effective Perimeter--Ft. = 7.354 
Splash-Over Velocity--FPS = 7.354 

Local Gutter Depression-Inches = 1 . 0 0 0 ~  

Flow-CFS--Q = 0.800 
GUTTER FLOW at INLET-CFS--Q = 0.723 
Gutter Velocity at INLET-fps = 1.435 

Depth at INLET Curb Line-Inches--d = 3.924 

Frontal Flow Intercepted by GRATE-.-CFS = 0.680 
Lateral Flow Intercepted by GRATE--CFS = 0.087 
TOTAL Flow Intercepted by GRATE--CFS = .O. 767 

% FLOW Intercepted = 95.825 
By-pass Flow--CFS = 0.033 
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LOCATION - M L . w ~  \175tJ7 L t  CHECKER - ,dpv PAGE 
Vex 3.40: December 1995 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 
Roadway Cross-Slope-Ft./Ft.--Sx = 

- Shoulder Width-Ft.-- - 
Shoulder Slope-Ft./Ft.--Ss = 

Gutter Width-Ft . - -W = 
Gutter Slope-Ft./Ft.--Sw = 

Gutter Depression-Inches-- = 
Manning's IN = 

Flow-CFS--Q = 0.600 - l O y r  
SPREAD-Ft.--T = 6 -476 -%'-a% 

Average Velocity-V-fps = 1.060 

FLOW in Gutter-CFS--Q = 0.512 
%Flow in Gutter-CFS = 85.350 

Velocity of Flow in Gutter-fps = 1.255 
Depth at Curb Line-Inches--d = 2.964 

GRATE TYPE: ADOT STD.--C15.91/ 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Capture Ratio - -  GRATE = 0.500 

Effective Perimeter--Ft. = 7.354 
Splash-Over Velocity--FPS = 7.354 

Local Gutter Depression-Inches = 1.000 fl 

Flow-CFS--Q = 0.600 
GUTTER FLOW at INLET-CFS--Q = 0.580 
Gutter Velocity at INLET-fps = 1.358 

Depth at INLET Curb Line-Inches--d = 3 -557 

Frontal Flow Intercepted by GRATE--CFS = 0.556 
Lateral Flow Intercepted by GRATE--CFS = 0.037 
TOTAL Flow Intercepted by GRATE--CFS = 0.592 

% FLOW Intercepted = 98.723 
By-pass Flow--CFS = 0.008C- 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

10-22-2004 
PROJECT NAME- ~m TRACS NO. - 
HIGHWAY NAME- DESIGNER - K$ 
LOCAT ION -mt  MI2 1175 t 17 L 4  CHECKER - EJDV PAGE 
Ver 3.40: December 1995 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.184 
Roadway cross-slope-~t./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 8.000 
Shoulder slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- = 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 0.800-Sop. 
SPREAD-Ft.--T = 7.605 -%'-or 

Average Velocity-V-fps = 1.103 

FLOW in Gutter-CFS--Q = 0.629 
% Flow in Gutter-CFS = 78.594 

Velocity of Flow in Gutter-fps = 1.353 
Depth at Curb Line-Inches--d = 3.235 

GRATE TYPE: ADOT STD.--C15.91 ' 
Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Capture Ratio - -  GRATE = 0.500 

Effective Perimeter--Ft. = 7.354 
Splash-Over Velocity--FPS = 7.354 

Local Gutter Depression-Inches = 1.000 

Flow-CFS--Q = 0.800 
GUTTER FLOW at INLET-CFS--Q = 0.729 
Gutter Velocity at INLET-fps = 1.466 

Depth at INLET Curb Line-Inches--d = 3.891 

Frontal Flow Intercepted by GRATE--CFS = 0.686 
Lateral Flow Intercepted by GRATE--CFS = 0.082 
TOTAL Flow Intercepted by GRATE--CFS = 0.768 

% FLOW Intercepted = 96.033 
By-pass Flow--CFS = 0.032- 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

10-22-2004 
PROJECT NAME - R f l  TRACS NO. - 
HIGHWAY NAME- DESIGNER - f3SR 
LOCATION - r ? c ' d B  1\3<t67 Lct CHECKER - ,VQv PAGE 
Ver 3.40: December 1995' 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 
Roadway Cross-Slope-Ft./Ft.--Sx = 

Shoulder Width-Ft.-- = 
Shoulder Slope-Ft./Ft.--Ss = 

Gutter Width-Ft . --W = 
Gutter Slope-Ft./Ft.--Sw = 

Gutter Depression-Inches-- = 
Manning1 s IN = 

Flow-CFS- -Q = 0.600 -boy t 
SPREAD-Ft.--T = 6 -415 v'&'mfi,fi 

Average Velocity-V-fps = 1.075 

FLOW in Gutter-CFS--Q = 0.514 
% Flow in Gutter-CFS = 85.715 

Velocity of Flow in Gutter-fps = 1.270 
Depth at Curb Line-Inches--d = 2.950 

GRATE TYPE: ADOT STD.--C15.91 J 

Grate Length--Ft. = 3 -354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Capture Ratio - -  GRATE = 0.500 

Effective Perimeter--Ft. = 7.354 
Splash-Over Velocity--FPS = 7.354 

Local Gutter Depression-Inches = 1.000/ 

Flow-CFS--Q = 0.600 
GUTTER FLOW at INLET-CFS--Q = 0.582 
Gutter Velocity at INLET-fps = 1.374 

Depth at INLET Curb Line-Inches--d = 3.538 

Frontal Flow Intercepted by GRATE--CFS = 0.558 
Lateral Flow Intercepted by GRATE--CFS = 0.035 
TOTAL Flow Intercepted by GRATE--CFS = 0.593 

% FLOW Intercepted = 98.785 
By-pass Flow--CFS = 0.007- 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- ~,VI 

HIGHWAY NAME- 
LOCATION - 
Ver 3.40: December 1995 

TRACS NO 
DESIGNER 
CHECKER 

10-22-2004 

IR 5 I? 
flw PAGE 

GRATE INLET DESIGN - -  ON GfiADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 
Roadway Cross-Slope-Ft./Ft.--Sx = 

Shoulder Width-Ft.-- = 
Shoulder Slope-Ft./Ft.--Ss = 

Gutter Width-Ft.--W = 
Gutter Slope-Ft./~t.--Sw = 

Gutter Depression-Inches-- - - 
Manning's IN = 

Flow-CFS--Q = 0.900- S ~ Y  r 
SPREAD-Ft . --T = 8.023 - a  -Q-Y 

Average Velocity-V-fps = 1.138 

FLOW in Gutter-CFS--Q = 0.685 
% Flow in Gutter-CFS = 76.154 

Velocity of Flow in Gutter-fps = 1.412 
Depth at Curb Line-Inches--d = 3.336 

GRATE TYPE: ADOT STD.--C15.91 / 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Capture Ratio - -  GRATE = 0.500 

Effective Perimeter--Ft. = 7.354 
Splash-Over Velocity--FPS = 7.354 

Local Gutter Depression-Inches = 1.0000 

Flow-CFS--Q = 0.900 
GUTTER FLOW at INLET-CFS--Q = 0.799 
Gutter Velocity at INLET-fps = 1.529 

Depth at INLET Curb Line-Inches--d = 4.012 

Frontal Flow Intercepted by GRATE--CFS = 0.. 748 
Lateral Flow Intercepted by GRATE--CFS = 0.104 
TOTAL Flow Intercepted by GRATE--CFS = 0.851 

& FLOW Intercepted = 94.599 



ARIZONA DEPARTMENT OF TFUSJSPORTATION 
DRAINAGE DESIGN SECTION 

10-22-2004  
PROJECT NAME- TRACS NO. - 
HIGHWAY NAME- DESIGNER - R$R 
LOCATION - / n C  bdl3 b l q b r  '0 L 4 CHECKER - n)Du PAGE 
Ver 3.40: December 1995 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.200 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 8.000 
Shoulder Slope-Ft./Ft.--SS = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./~t.--Sw = 0.067 

Gutter Depression-Inches-- = 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 0.600 w ~ O x t  
SPREAD-Ft. --T = 6.318'6-4 

Average Velocity-V-fps = 1.099 

- FLOW in Gutter-CFS--Q = 0.518 
% Flow in Gutter-CFS = 86.293 

Velocity of Flow in Gutter-fps = 1.294 
Depth at Curb Line-Inches--d = 2.926 

GRATE TYPE: ADOT STD.--C15.91' 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Capture Ratio - -  GRATE = 0.500 

Effective Perimeter--Ft. = 7.354 
Splash-Over Velocity--FPS = 7.354 

Local Gutter Depression-Inches = 1.000- 

Flow-CFS--Q = 0.600 
GUTTER FLOW at INLET-CFS--Q = 0.584 
Gutter Velocity at INLET-fps = 1.400 

Depth at INLET Curb Line-Inches--d = 3.508 

Frontal Flow Intercepted by GRATE--CFS = 0.561 
Lateral Flow Intercepted by GRATE--CFS = 0.033 
TOTAL Flow Intercepted by GRATE--CFS = 0.593 

% FLOW Intercepted = 98.882 
By-pass Flow--CFS = 0.007 - 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- Rfl 
HIGHWAY NAME- 
LOCAT ION - \176+10 L 4  
Ver 3.40: December 1995 

TRACS NO 
DESIGNER 
CHECKER 

10-22-2004 

R5 J? 
,$nv PAGE 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 
Roadway Cross-Slope-Ft./Ft.--Sx = 

Shoulder Width-Ft.-- = 
Shoulder Slope-Ft./Ft.--Ss = 

Gutter Width-Ft.--W = 
Gutter Slope-Ft./Ft.--Sw = 

Gutter Depression-Inches-- = 
Manning's 'N = 

Flow-CFS--Q = 
SPREAD-Ft.--T = 

Average Velocity-V-fps = 

FLOW in Gutter-CFS--Q = 
% Flow in Gutter-CFS = 

Velocity of Flow in Gutter-fps = 
Depth at Curb Line-Inches--d = 

GRATE TYPE: ADOT STD.--C15.91~ 

Grate Length--Ft. = 
Grate Width---Ft. = 

Grate Area--Sq. Ft. = 
Capture Ratio - -  GRATE = 

Effective Perimeter--Ft. = 
Splash-Over Velocity--FPS = 

Local Gutter Depression-Inches = 

Flow-CFS--Q = 
GUTTER FLOW at INLET-CFS--Q = 
Gutter Velocity at INLET-fps = 

Depth at INLET Curb Line-Inches--d = 

Frontal  l low Intercepted by GRATE--CFS = 

Lateral Flow Intercepted by GRATE--CFS = 
TOTAL Flow Intercepted by GRATE--CFS =. 

% FLOW Intercepted = 
By-pass Flow--CFS = 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

1 0 - 2 2 - 2 0 0 4  
PROJECT NAME- R A  TRACS NO. - 

H I G H W A Y  NAME- DESIGNER - faSR 
LOCATION - AL ~ f 3  \ 1 7 6 + ? O  & +  CHECKER - ~ / j 3 \ /  PAGE 

, - -  
Ver 3.40: December 1995 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.210 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 8.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- - - 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 0.600 - l D 4 b  

SPREAD-Ft.--T = 6.226-6-&F 
Average Velocity-V-fps = 1.123 

FLOW in Gutter-CFS--Q = 0.521 
% Flow in Gutter-CFS = 86.838 

Velocity of Flow in Gutter-fps = 1.317 
Depth at Curb Line-Inches--d = 2.904 

GRATE TYPE: ADOT STD.--C15.9lY 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Capture Ratio - -  GRATE = 0.500 

Effective Perimeter--Ft. = 7.354 
Splash-Over Velocity--FPS = 7.354 

Local Gutter Depression-Inches = 1 . 0 0 0 ~  

Flow-CFS--Q = 0.600 
GUTTER FLOW at INLET-CFS--Q = 0.586 
Gutter Velocity at INLET-fps = 1.425 

Depth at INLET Curb Line-Inches--d = 3.479 

Frontal Flow Intercepted by GRATE--CFS = 0.563 
Lateral Flow Intercepted by GRATE--CFS = 0.030 
TOTAL Flow Intercepted by GRATE--CFS = 0.594 

% FLOW Intercepted = 98 -969 
By-pass Flow--CFS = 0.006 4--- 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

10-22-2004 
PROJECT NAME- PPI? TRACS NO. - 
HIGHWAY NAME- 

( 

LOCATION 
Ver 3.40: December 19 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 
Roadway Cross-Slope-Ft./~t.--Sx = 

Shoulder Width-Ft.-- = 
Shoulder Slope-Ft./~t.--Ss = 

Gutter Width-Ft.--W = 
Gutter Slope-Ft./~t.--Sw = 

Gutter Depression-Inches-- - - 
Manning's IN = 

Flow-CFS--Q 
SPREAD-Ft.--T 

Average Velocity-V-fps 

FLOW in Gutter-CFS--Q 
% Flow in Gutter-CFS 

Velocity of Flow in Gutter-fps 
Depth at Curb Line-Inches--d 

GRATE TYPE: ADOT STD.--C15.91' 

Grate Length--Ft. 
Grate Width---Ft. 

Grate Area--Sq. Ft. 
Capture Ratio - -  GRATE 

Effective Perimeter--Ft. 
Splash-Over Velocity--FPS 

Local Gutter Depression-Inches 

Flow-CFS--Q 
GUTTER FLOW at INLET-CFS--Q 
Gutter Velocity at INLET-fps 

Depth at INLET Curb Line-Inches--d 

Frontal Flow Intercepted by GRATE--CFS 
Lateral Flow Intercepted by GRATE--CFS 
TOTAL Flow Intercepted by GRATE--CFS 

% FLOW Intercepted 
By-pass Flow--CFS 



ARIZONA DEPARTMENT OF TRANSPORTATION 
@ 

DRAINAGE DESIGN SECTION 

PROJECT NAME- R n 
HIGHWAY NAME- 
LOCATION - f i L  LJG /178+80 & +  
Ver 3.40: December 1995 

TRACS NO. - 
DESIGNER - 
CHECKER - 

PSR 
NDd PAGE 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.250 
Roadway Cross-Slope-Ft./~t.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- = 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 2 - 3 0 0 ~ 7 ~ ~  
SPREAD-~t. --T = 11.746-16.+~, 

Average Velocity-V-fps = 1.507 

FLOW in Gutter-CFS--Q = 1.329 
% Flow inGutter-CFS = 57.773 

Velocity of Flow in Gutter-fps = 1.978 
Depth at Curb Line-Inches--d = 4.229 

GRATE TYPE: ADOT STD.--C15.914 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Capture Ratio - -  GMTE = 0.500 

Effective Perimeter--Ft. = 7.354 
Splash-Over Velocity--FPS = 7.354 

Local Gutter Depression-Inches = 1.000-- 

Flow-CFS--Q = 2.300 . . 

GUTTER FLOW at INLET-CFS--Q = 1.557 
Gutter Velocity at INLET-fps = 2. 128 

Depth at INLET Curb Line-Inches--d = 5.017 

Frontal Flow Intercepted by GRATE--CFS = 1.407 
Lateral Flow Intercepted by GRATE--CFS = 0.333 
TOTAL Flow Intercepted by GRATE--CFS = 1.740 

% FLOW Intercepted = 75.665 
By-pass Flow--CFS = 0.5608--' 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

TRACS NO. - 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.250 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft . --W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- = 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 3.200-m~f 
SPREAD-Ft.--T = 13.559 

Average Velocity-V-fps = 1.612 

FLOW in Gutter-CFS--Q = 1.634 
% Flow in Gutter-CFS = 51.074 

Velocity of Flow in Gutter-fps = 2.144 
Depth at Curb Line-Inches--d = 4.664 

1 GRATE TYPE: ADOT STD.--C15.91 

Grate Length--Ft. 
Grate Width---Ft. 

Grate Area--Sq. Ft. 
Capture Ratio - -  GRATE 

Effective Perimeter--Ft. 
Splash-Over Velocity--FPS 

Local Gutter Depression-Inches 

Flow-CFS--Q 
GUTTER FLOW at INLET-CFS--Q 
Gutter Velocity at INLET-fps 

Depth at INLET Curb Line-Inches--d 

' Frontal Flow Intercepted by GRATE--CFS 
Lateral Flow Intercepted by GRATE--CFS 
TOTAL Flow Intercepted by GRATE--CFS 

I 

% FLOW Intercepted 
By-pass Flow--CFS 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- RN 
HIGHWAY NAME- 
LOCATION -P r r~yQ 1\0Qt75 L +  
Ver 3.40:  December 1995  

TRACS NO. - 
DESIGNER - 
CHECKER - n ~ D \ /  PAGE 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.125 
Roadway Cross-Slope-Ft./~t.--SX = 0.020 

Shoulder Width-Ft.-- = 10 .000  
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft.--W = 2 .500  
Gutter Slope-Ft./~t.--Sw = 0.067 

Gutter Depression-Inches-- - - 2 .010  
Manning's IN = 0 .016  

Flow-CFS--Q = 3.100 b ) O j r  
SPREAD-Ft.--T = 1 5 . 4 7 7 - ) b t " g k r  

Average Velocity-V-fps = 1 . 2 1 9  

FLOW in Gutter-CFS--Q = 1.404 
% Flow in Gutter-CFS = 45.284 

Velocity of Flow in Gutter-fps = 1 .636  
Depth at Curb Line-Inches--d = 5.124 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91J 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2 .000  

Grate Area--Sq. Ft. = 5 .171  
Splash-Over Velocity--FPS = 8.494 

Depth at INLET Curb Line-Inches--d = 5.969 
Local Gutter Depression-Inches = 1.000J 

Length of opening: TOTAL Intercept--Ft. = 1 2 . 2 9 1  
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.670 

LENGTH Efficiency Q(S.D.1 Q(GRATE) Q(1NT.) Q(By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - - - - - - - - -  - - - - - - - - - -  - - - - - - -  

5.000 0 .609  1 .889  1 .117  3 .006 0.094 96 .97C- "  
10 .000  0 .951  2 .949 0 .151  3 .100 0 .000  100 - 0 0  
15 .000  1 .000  3 .100  0.000 3.100 0.000 100.00 
20  . O O O  1 . 0 0 0  3 .100  0.000 3.100 0 .000  100.00 
25.000 1 . 0 0 0  3 .100 0.000 3.100 0.000 100 .00  



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

10-22-2004 
PROJECT NAME- PM TRACS NO. - 
HIGHWAY NAME- DESIGNER - jl.68 
LOCATION - M L L J \ ~  \ \ tot35 L t  CHECKER - h/n/ PAGE 
Ver 3.40: December 1995 

- 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.125 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- - - 2.010 
Manning's 'N = 0.016 

Flow-CFS--Q = 4.600" 5 " y C  
SPREAD-Ft.--T = 18.187-22'-~)1 

Average Velocity-V-fps = 1.332 

FLOW in Gutter-CFS--Q = 1.787 
% Flow in Gutter-CFS = 38.857 

Velocity of Flow in Gutter-fps = 1.799 
Depth at Curb Line-Inches--d = 5.775 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91 J 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 8.494 

Depth at INLET Curb Line-Inches--d = 6.645 
Local Gutter Depression-Inches = 1. O O O Y  

Length of opening: TOTAL Intercept--Ft. = 15.485 
Capture Ratio --  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.670 

LENGTH Efficiency Q (S .D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - -  - - - - - - - - - -  - - - - - - - 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- RM , .. . 

HIGHWAY NAME- 
LOCATION - WE 1\82 too. ,Lk 
Ver 3 . 4 0  : December 1 9 9 5  

TRACS NO. - 
DESIGNER - 
CHECKER - 

R3S 
NbV . PAGE 

SLOTTED DRAIN W/ GRATE--IN SUMP 

GUTTER FLOW HYDRAULICS 

GUTTER DESCRIPTION 

Roadway Cross-Slope-Ft./Ft.--Sx = 0 . 0 2 0  
Shoulder Width-Ft.-- = 1 0 . 0 0 0  

Shoulder Slope-Ft./Ft.--Ss = 0 . 0 2 0  
Gutter Width-Ft.--W = 2 . 5 0 0  

Gutter Slope-Ft./Ft.--Sw = 0 . 0 6 7  
Gutter Depression-Inches-- = 2 . 0 1 0  

GRATE TYPE: ADOT STD.--C15.91 
Grate Length- -Ft . = 3 . 3 5 4  
Grate Width---Ft. = 2 . 0 0 0  

Grate Area--Sq. Ft. = 5 . 1 7 1  
Effective Perimeter--Ft. = 7 . 3 5 4  

Capture Ratio - -  GRATE = 0 . 5 0 0  
Capture Ratio - -  SLOTTED DRAIN = 0 . 5 0 0  

Local Gutter Depression-Inches = 1 . 0 0 0  J' 

LENGTH Q(S1ot. Dn) Q (Grate) d (inches) SPREAD, Ft . 
- - - - - -  - - - - - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - - - - -  

5 . 0 0 0  1 . 5 3 9  1 . 7 6 1  4 . 1 8 7  l l . 5 7 0 + I k 1 - ~  
1 0 . 0 0 0  2 . 2 7 6  1 . 0 2 6  3 . 0 7 6  6 . 9 4 0  
1 5 . 0 0 0  2 . 6 2 7  0 .672  2 . 4 2 2  4 . 2 1 8  
2 0 . 0 0 0  2 . 8 3 0  0 . 4 7 1  1 . 9 6 9  2 . 4 4 9  



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- RI\l\ 
HIGHWAY NAME - 
LOCATION -fit wg llga+oo Lt 
Ver 3.40: December 1995 

TRACS NO 
DESIGNER 
CHECKER 

04-20-2005 

PAGE 

SLOTTED DRAIN W/ GRATE--IN SUMP 

GUTTER FLOW HYDRAULICS 

GUTTER DESCRIPTION 

Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 
Shoulder Width-Ft.-- = 10.000 

Shoulder Slope-Ft./Ft.--Ss = 0.020 
Gutter Width-Ft.--W = 2.500 

Gutter Slope-Ft./Ft.--Sw = 0.067 
Gutter Depression-Inches-- - - 2.010 

GRATE TYPE: ADOT STD.--C15.91 
Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Effective Perimeter--Ft. = 7.354 

Capture Ratio - -  GRATE = 0.500 
Capture Ratio - -  SLOTTED DRAIN = 0.500 

Local Gutter Depression-Inches = 1.000, 

LENGTH Q(S1ot. Dn) Q (Grate) d (inches) SPREAD,Ft. 
- - - - - -  - - - - - - - - - -  - - - - - - - -  - - - - - - - - -  - - - - - - - - - -  
5.000 1.808 3.392 6.157 19.780 *2 -2 . ' ~&~  
10.000 3.179 2.020 4.534 13.018 
15.000 3.927 1.272 3.474 8.601 
20.000 4.272 0.928 2.907 6.236 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- p~ 
HIGHWAY NAME- 
LOCATION -a& wt3 1\83tzS L +  
Ver 3.40: December 1995 

TRACS NO 
DESIGNER 
CHECKER 

UR 
/t/pv PAGE 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.125 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- = 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 3 -300 - 1 " ~ '  
SPREAD-Ft . --T = 15.882 - tb ' -ba  

Average Velocity-V-fps = 1.236 

FLOW in Gutter-CFS--Q = 1.459 
% Flow in Gutter-CFS = 44.206 

Velocity of Flow in Gutter-fps = 1.661 
Depth at Curb Line-Inches--d = 5.222 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.1-C15.91' 

Grate Length--Ft. = 3 -354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 6.071 
Local Gutter Depression-Inches = 1,000 

Length of opening: TOTAL Intercept--Ft. = 12.751 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D. ) Q(GRATE) Q (INT. ) Q (By-Pass) % CAPT. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION ' 

PROJECT NAME- RA 
HIGHWAY NAME- 
LOCATION - r r l ~  r ~ a  1\83+29 L +  
Ver 3.40: December 1995 

TRACS NO. - 
DESIGNER - 
CHECKER - 

as n 
A ' W  PAGE 

SLOTTED DRAIN W/ GRATE--ON G W E  

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.125 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft . --W = 2.500 
Gutter Slope-Ft./Ft.--Sw =- 0.067 

Gutter Depression-Inches-- - - 2.010 
Manning's 'N = 0.016 

Flow-CFS--Q = 4.600 - S o r t  
SPREAD-F~.--T = 18.187-22)n~v 

Average Velocity-V-fps = 1.332 

FLOW in Gutter-CFS--Q = 1.787 
% Flow in Gutter-CFS = 38.857 

Velocity of Flow in Gutter-fps = 1.799 
Depth at Curb Line-Inches--d = 5.775 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

-Grate Area--Sq. Ft. = .  5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 6.645 
Local Gutter Depression-Inches = 1.00Od 

Length of opening: TOTAL Intercept--Ft. = 15.485 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S .D. ) Q(GRATE) Q(1NT. ) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - -  - - - - - - - - - -  - - - - - - -  
5.000 0.504 2.320 1.687 4.007 0.593 87.11w 
10.000 0.846 3.890 0.683 4.573 0.027 99.41 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

10-08 -2004  
PROJECT NAME- R n  TRACS NO. - 
HIGHWAY NAME- DESIGNER - &,R 
LOCATION - & L Y ~  \\86+00 6.)  CHECKER - A]pq PAGE 
Ver 3.40 : December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.250 
Roadway Cross-Slope-Ft./~t.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./~t.--Sw = 0.067 

Gutter Depression-Inches-- = 2.010 
Manning's 'N = 0.016 

Flow-CFS--Q = 4.700 - \ O Y , P  

SPREAD-Ft. --T = 15 -929 -16-+Y 
Average Velocity-V-fps = 1.751 

FLOW in Gutter-CFS--Q = 2.072 
% Flow in Gutter-CFS = 44.085 

Velocity of Flow in Gutter-fps = 2.352 
Depth at Curb Line-Inches--d = 5.233 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 6.082 
Local Gutter Depression-Inches = 1.000/ 

Length of opening: TOTAL Intercept--Ft. = 18.234 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D. ) Q(GRATE) Q(INT.1 Q(By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - - - - - - - - - - - - - - - - -  - - - - - - - - - -  - - - - - - -  
5.000 0.438 2.060 1.905 3.966 0.734 84.38 

10.000 0.761 3.576 1.036 4.612 0.088 9.8. 13 ... 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

10-08-2004 
PROJECT NAME- R h  TRACS NO. - 
HIGHWAY NAME- DESIGNER - PLR 
LOCATION - r?C W B  I\BL+OQ L4 CHECKER - ,UnI/ PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.250 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- - - 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 6.500-~0)'r 
SPREAD-Ft . --T = 18.181 '22"*E. 

Average Velocity-V-fps = 1.883 

FLOW in Gutter-CFS--Q = 2.527 
% Flow in Gutter-CFS = 38.869 

Velocity of Flow in Gutter-fps = 2.543 
Depth at Curb Line-Inches--d = 5.773 . 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91( 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 6.643 
Local Gutter Depression-Inches = 1.000 / 

Length of opening: TOTAL Intercept--Ft. = 22.040 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S .D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - -  - - - - - - - - - -  - - - - - - -  
5.000 0.371 2.409 2.511 4.921 1.579 75.71 
10.000 0.663 4.311 1.679 5.989 0.511 92.15,.. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

1 

10-08-2004 
TRACs NO. - 

HIGHWAY NAME- DESIGNER - R S A  
LOCAT ION -tJB m& \\"\+oa k t  CHECKER - ;uDv PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.250 
Roadway Cross-Slope-Ft./~t.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- - - 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 4.600 - k o y t  
SPREAD-~t. --T = 15.788 - \ b t - c r *  

Average Velocity-V-fps = 1.743 

FLOW in Gutter-CFS--Q = 2.045 
% Flow in Gutter-CFS = 44.453 

Velocity of Flow in Gutter-fps = 2.340 
Depth at Curb Line-Inches--d = 5.199 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.911 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 6.047 
Local Gutter Depression-Inches = 1.000 ' 

Length of opening: TOTAL Intercept--Ft. = 18.005 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S.D.) Q (GRATE) Q(1NT.) Q(By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - -  - - - - - - - - - -  - - - - - - -  
5.000 0.443 2.039 1.868 3.907 0.693 84.94 
10.000 0.768 3.531 0.995 4.526 0.074 98.38 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

10-08-2004 
PROJECT NAME- RrYI TRACS NO. - 
HIGHWAY NAME- DESIGNER - ~5 R 
LOCATION -.J13 ML \ \ c loSOO C +  CHECKER - RjBV PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.250 
Roadway Cross-Slope-Ft./~t.--SX = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./~t.--Sw = 0.067 

Gutter Depression-Inches-- - - 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 6.400 -4;uyr 
SPREAD-Ft. --T = 18.068 -2.r&** 

Average Velocity-V-fps = 1.876 

FLOW in Gutter-CFS--Q = 2.503 
% Flow in Gutter-CFS = 39.105 

Velocity of Flow in Gutter-fps = 2.534 
Depth at Curb Line-Inches--d = 5.746 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91 /" 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 6.615 
Local Gutter Depression-Inches = 1 . 0 0 0 ~  

Length of opening: TOTAL Intercept--Ft. = 21.842 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S.D.) Q (GRATE) Q (INT.) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - -  - - - - - - - - - -  - - - - - - -  
5.000 0.374 2.392 2.480 4.872 1.528 76.13 
10.000 0.668 4.274 1.640 5.913 0.487 92.40 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

10-11-2004 
PROJECT NAME- R n  TRACS NO. - 
HIGHWAY NAME- DESIGNER - ~ 5 1 ~  

LOCATION - M L W ~  M Q ~ O O  L +  CHECKER - MDV PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.250 
Roadway Cross-Slope-Ft./~t.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./~t.--Sw = 0.067 

Gutter Depression-Inches-- = 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 4.600 - \ b Y P  

SPREAD-Ft . --T = 15.788 - 16'-0-r 
Average Velocity-V-fps = 1.743 

FLOW in Gutter-CFS--Q = 2.045 
% Flow in Gutter-CFS = 44.453 

Velocity of Flow in Gutter-fps = 2.340 
Depth at Curb Line-Inches--d = 5.199 

SLOTTED DRAIN--ADOT STD.--C13.60p 
GRATE TYPE: ADOT STD.--C15.91 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 6.047 
Local Gutter Depression-Inches = 1.000 

Length of opening: TOTAL Intercept--Ft. = 18.005 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S .D. ) Q (GRATE) Q (INT. ) Q (By-Pass) & CAPT. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- R f l  
HIGHWAY NAME- 
LOCATION - m L  u A  1196.t00 C + 
Ver 3.40: December 1995 

TRACS NO 
DESIGNER 
CHECKER f l O V  PAGE 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.250 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- - - 2.010 
Manning's 'N = 0.016 

Flow-CFS- -Q = 6.400-sqyt 
SPREAD-Ft . --T = 18.068 - ~ L ' ~ L *  

Average Velocity-V-fps = 1.876 

FLOW in Gutter-CFS--Q = 2.503 
% Flow in Gutter-CFS = 39.105 

Velocity of Flow in Gutter-fps = 2.534 
Depth at Curb Line-Inches--d = 5.746 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91 / 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INL T Curb Line-Inches--d = "t 6.615 
Local Gut er Depression-Inches = 1.0000' 

Length of opening: TOTAL Intercept--Ft. = 21.842 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D.) Q(GRATE) Q(1NT.) Q(By-Pass) %CAPT. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

10-11-2004 
PROJECT NAME -A,* TRACS NO. - 
HIGHWAY NAME- DESIGNER - & s ~  
LOCATION - M &  bn t 2 0 2 . t O a  L+. CHECKER - /t/DI/ PAGE 
Ver 3.40: ~ecember-1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.250 
Roadway Cross-Slope-Ft./~t.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft . --W = 2.500 
Gutter Slope-Ft./~t.--Sw = 0.067 

Gutter Depression-Inches-- = 2.010 
Manning's 'N = 0.016 

Flow-CFS--Q = 4.700'10~ 
SPREAD-Ft. --T = 15 -929-\bt-hg 

Average Velocity-V-fps = 1.751 

FLOW in Gutter-CFS--Q = 2.072 
% Flow in Gutter-CFS = 44.085 

Velocity of Flow in Gutter-fps = 2.352 
Depth at Curb Line-Inches--d = 5.233 

SLOTTED DRAIN--ADOT STD.--Cl3.60 
GRATE TYPE: ADOT STD.--Cl5.91/ 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 6.082 
Local Gutter Depression-Inches = 1.000 ( 

Length of opening: TOTAL Intercept--Ft. = 18.234 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D.1 Q(GRATE) Q(INT.1 Q(By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - - - - - - - - - - - -  - - - - - - -  
5.000 0.438 2.060 1.905 3.966 0.734 84.38 
10.000 0.761 3.576 1.036 4.612 0.088 98.13- 

0.956 4.491 0.209 4.700 0.000 100.00 
1.000 4.700 0.000 4.700 0.000 100.00 
2.000 4.700 0.000 4.700 0.000 100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

10-11-2004 
PROJECT NAME- f i f l  TRACS NO. - 
HIGHWAY NAME- DESIGNER - ASR 
LOCATION - /nL WO \202-t00 L+ CHECKElR - N b V  PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G 
Roadway Cross-slope-~t./Ft.--Sx 

Shoulder Width-Ft.-- 
Shoulder Slope-Ft./Ft.--Ss 

Gutter Width-Ft.--W 
Gutter Slope-Ft./Ft.--Sw 

Gutter Depression-Inches-- 
Manning's 'N 

Flow-CFS--Q = 7.000 
SPREAD-Ft.--T = 18.732-rr--*r 

Average Velocity-V-fps = 1.915 

FLOW in Gutter-CFS--Q = 2.643 
% Flow in Gutter-CFS = 37.760 

Velocity of Flow in Gutter-fps = 2.589 
Depth at Curb Line-Inches--d = 5.906 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91, 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 6.780 
Local Gutter Depression-Inches = 1.000- 

Length of opening: TOTAL Intercept--Ft. = 23.010 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S .D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - -  - - - - - - - - - -  - - - - - - -  
5.000 0.357 2.496 2.663 5.160 1.840 7 3 7 1.::. ... .. 
10.000 0.642 4.492 1.843 6.335 0.665 90.506.1" 
15.000 0.850 5.952 0.979 6.931 0.069 99.01 
20.000 0.974 6.820 0.180 7.000 0.000 
25.000 1.000 7.000 0.000 7.000 0.000 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- K M  
HIGHWAY NAME- 
LOCATION - P L  dn 1 2 0 4  + 7 5 & +  
Ver 3 .40 :  December 1995  

TRACS NO 
DESIGNER 
CHECKER 

nsrP 
N0.v PAGE 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.125 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 10 .000  
Shoulder Slope-Ft./Ft.--Ss = 0 .020  

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./~t.--Sw = 0 .067  

Gutter Depression-Inches-- = 2 .010  
Manning's IN = 0 .016  

Flow-CFS--Q = 3.300-WY' 
SPREAD-Ft . --T = 15.882 - lb'--fl 

Average Velocity-V-fps = 1.236 

FLOW in Gutter-CFS--Q = 1.459 
% Flow in Gutter-CFS = 44.206 

Velocity of Flow in Gutter-fps = 1 . 6 6 1  
Depth at Curb Line-Inches--d = 5.222 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91' 

Grate Length--Ft. = 3 .354  
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5 . 1 7 1  
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 6 . 0 7 1  
Local Gutter Depression-Inches = 1.000 

Length of opening: TOTAL Intercept--Ft. = 1 2 . 7 5 1  
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D.) Q(GRATE) Q(1NT. ) Q(By-Pass), % CAPT. 
---...-- - - - - - - - - - -  - - - - - - -  - - - - - - - - - - - - - - -  - - - - - - - - - -  - - - - - - -  

5.000 0 .592 1 .953 1 .153  3 .106  0.194 9 4 . 1 3 k  
10 .000  0 .937  3 . 0 9 1  0 .209  3 .300  0.000' * 100 .00  

1 .000 3 .300  0.000 3 .300  0.000 100 .00  
1 .000  3 .300  0 .000  3 .300  0 .000 100 .00  
1 .000  3 .300  0 .000 3 .300  0.000 100 .00  



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- R/h 
HIGHWAY NAME- 
LOCATION - dil \20% + 7 4 L t 
Ver 3.40 :  December 1995 

TRACS NO 
DESIGNER 
CHECKER 

ns R 
NDV 

10-11-2004a 
PAGE 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.125 
Roadway Cross-Slope-Ft./~t.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./~t.--Sw = 0.067 

Gutter Depression-Inches-- - - 2.010 
Manning's IN = 0,016 

Flow-CFS--Q = 5.200 -cu.)c 
SPREAD-Ft.--T = 1 9 . 1 0 7 t r ' d r r  

Average Velocity-V-fps = 1.369 

FLOW in Gutter-CFS--Q = 1 .926  
% Flow in Gutter-CFS = 37.039 

Velocity of Flow in Gutter-fps = 1.852 
Depth at Curb Line-Inches--d = 5.996 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91' 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area- -Sq. Ft . = 5 .171  
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 6.872 
Local Gutter Depression-Inches = 1 . 0 0 0 ~  

Length of opening: TOTAL Intercept--Ft. = 16.627 
Capture Ratio - -  SLOTTED DRAIN = 0,. 670 

Capture Ratio - -  GRATE = 0 .500  

LENGTH Efficiency Q(S.D.) Q(GRATE) Q(INT.) Q(B~-pass) 
- - - - - -  - - - - - - - - - -  - - - - - - - - - - - - - - -  - - - - - - -  - - - - - - - - - -  

5.000 0.475 2.469 1.908 4.377 0.823 
10 .000  0.809 4.207 0.907 5.114 0.086 
15 .000  0.985 5 .121  0.079 5.200 0.000 
20 .000  1.000 5.200 0.000 5.200 0.000 
25.000 1.000 5.200 0.000 5.200 0.000 

% CAPT. 
- - - - - - -  

84.17- 
98.35 

100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

04-20-2005 
PROJECT NAME- Rf l  TRACS NO. - 
HIGHWAY NAME- DESIGNER - R5R 
LOCATION -/WwT? / Z Q / ,  too Lfr CHECKER - A ~ V  PAGE 
Ver 3.40: December 1995 

GUTTER FLOW HYDRAULICS 

GUTTER DESCRIPTION 

Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 
Shoulder Width-Ft.-- = 10.000 

Shoulder Slope-Ft./~t.--Ss = 0.020 
Gutter Width-Ft.--W = 2.500 

Gutter Slope-Ft./~t.--Sw = 0.067 
Gutter Depression-Inches-- = 2.010 

GRATE TYPE: ADOT STD.--C15.91 
Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Effective Perimeter--Ft. = 7.354 

Capture Ratio - -  GRATE = 0.500 
Capture Ratio - -  SLOTTED DRAIN = 0.500 

Local Gutter Depression-Inches = 1.000 

LENGTH Q(S1ot. Dn) Q (Grate) d (inches) SPREAD, Ft . 



- 
ARIZONA DEPARTMENT OF TRANSPORTATION 

DRAINAGE DESIGN SECTION 

PROJECT NAME- KM 
HIGHWAY NAME- 
LOCATION -ML -. - 

Ver 3.40 : Decemb,"," 1995-.-- .-.- 

TRACS NO. - 
DESIGNER - fi5G!, 

12n/,nn I +  CHECKER - UDV PAGE 

SLOTTED DRAIN W/ GRATE- -IN SUMP 

GUTTER FLOW HYDRAULICS 

GUTTER DESCRIPTION 

Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 
Shoulder Width-Ft.-- = 10.000 

Shoulder Slope-Ft./~t.--Ss = 0.020 
Gutter Width-Ft.--W = 2.500 

Gutter slope-Ft./Ft.--SW = 0.067 
Gutter Depression-Inches-- - - 2.010 

GRATE TYPE: ADOT STD.--C15.91 
Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Effective Perimeter--Ft. = 7.354 

Capture Ratio - -  GRATE = 0.500 
Capture Ratio - -  SLOTTED DRAIN = 0.500 

Local Gutter Depression-Inches = 1.000 

LENGTH Q(S1ot. Dn) Q (Grate) d (inches) SPREAD, Ft . 
- - - - - -  - - - - - - - - - -  - - - - - - - -  - - - - - - - - -  - - - - - - - - - -  
5.000 1.843 3.657 6.441 20.962 -ZJ.-~% 

10.000 3.259 2.240 4.816 14.192 
15.000 4.129 1.371 3.626 9.233 
20.000 4.495 1.005 3.041 6.796 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

11-04-2004 
PROJECT NAME- R@? TRACS NO. - 
HIGHWAY NAME- DESIGNER - P S ~ ~  
LOCAT I ON - n & W B  \%07+%6 C+ CHECKER - h/VV PAGE 
Ver 3.40: December 1995 

7 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW I3YDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 
Roadway Cross-Slope-Ft./Ft.--Sx = 

- Shoulder Width-Ft.-- - 
Shoulder Slope-Ft./Ft.--Ss = 

Gutter Width-Ft.--W = 
Gutter Slope-Ft./Ft.--Sw = 

Gutter Depression-Inches-- = 
Manningf s IN = 

Flow-CFS--Q = 3.300-1Qrr 
SPREAD-Ft. --T = 15.882 -\t'-@zl 

Average Velocity-V-fps = 1.236 

FLOW in Gutter-CFS--Q = 1.459 
% Flow in Gutter-CFS = 44.206 

Velocity of Flow in Gutter-fps = 1.661 
Depth at Curb Line-Inches--d = 5.222 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.9lY 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 6.070 
Local Gutter Depression-Inches = 1.000 ""- 

Length of opening: TOTAL Intercept--Ft. = 12.752 
Capture Ratio --  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D.) Q(GRATE) Q(1NT.) Q(By-Pass) %CAPT. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- R H  
HIGHWAY NAME- 
LOCATION - w A  120% 25 L.l 
Ver 3.40: December 1995 

TRACS NO 
DESIGNER 
CHECKER 

11-04-2004 

0 
/2/-tJ\/ PAGE 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.125 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 8.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- = 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 4. 500'~~~* 
SPREAD-Ft.--T = 18.026-~2'-&% 

Average Velocity-V-fps = 1.325 

FLOW in Gutter-CFS--Q = 1.764 
% Flow in Gutter-CFS = 39.192 

Velocity of Flow in Gutter-fps = 1.789 
Depth at Curb Line-Inches--d = 5.736 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91, 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 6.605 
Local Gutter Depression-Inches = 1.000 - 

Length of opening: TOTAL Intercept--Ft. = 15.288 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S .D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - -  
5.000 0.510 2.294 1.649 3.943 0.557 87.62- 
10.000 0.852 3.834 0.645 4.479 0.021 99.53 
15.000 0.999 4.496 0.004 4.500 0.000 100.00 
20.000 1.000 4.500 0.000 4.500 0.000 
25.000 1.000 4.500 0.000 4.500 0.000 100. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

I 

11-04-2004 
PROJECT NAME - TRACS NO. - 
HIGHWAY NAME - DESIGNER - 
LOCATION - N I L  LJQ \ 2 \ O t S g  L+ CHECKER - /VDV PAGE 
Ver 3 -40: ~ecember 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.250 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 8.000 
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- = 2.010 
Manning's tN = 0.016 

Flow-CFS--Q = 1.200 "\;Y r. 
SPREAD-Ft . --T = 8.661. Ib-~gfl 

Average Velocity-V-fps = 1.338 

FLOW in Gutter-CFS--Q = 0.871 
% Flow in Gutter-CFS = 72.550 

Velocity of Flow in Gutter-fps = 1.683 
Depth at Curb Line-Inches--d = 3.489 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91 -' 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 4.191 
Local Gutter Depression-Inches = 1.000 - 

Length of opening: TOTAL Intercept--Ft. = 8.220 
Capture ~atio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S .D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - -  

I 5.000 0.815 0.978 0.222 1.200 0.000 100.00- 
10 .ooo 1.000 1.200 0.000 1.200 0 - 000 100.00 
15.000 1.000 1.200 0.000 0.000 100.00 1.200 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- RE) TRACS NO. - 
HIGHWAY NAME- DESIGNER - \?SP 
LOCATION - @ L W ~  \2\0+0o L +  CHECKER - f PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.250 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 8.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- - - 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 1.700 - 5 O V t  
SPREAD-Ft. --T = 10 -241 -22'-*1 

Average Velocity-V-fps = 1.422 

FLOW in Gutter-CFS--Q = 1.095 
% Flow in Gutter-CFS = 64.428 

Velocity of Flow in Gutter-fps = 1.836 
Depth at Curb Line-Inches--d = 3.868 

a 
SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91- 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 4.621 
Local Gutter Depression- Inches = 1.000' 

Length of opening: TOTAL Intercept--Ft. = 10.031 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S . D. ) Q (GRATE) Q (INT. ) Q (BY-pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - -  - - - - - - - - - -  - - - - - - -  
5.000 0.711 1.209 0.490 1.699 0.001 99.93-- 

10.000 1.000 1.700 0.000 1.700 0.000 100.00 
15.000 1.000 1.700 0.000 1.700 0.000 100.00 
20.000 1.000 1.700 0.000 1.700 0.000 
25.000 1.000 1.700 0.000 1.700 0.000 z:@ 

- -  - 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- R/4 
HIGHWAY NAME - 
LOCATION - r n ~  dn r z\\t 01 b+- 
Ver 3.40: December 1995 

TRACS NO 
DESIGNER 
CHECKER 

p s li! 
U D ~  PAGE 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.208 
Roadway Cross-Slope-Ft./~t.--Sx = 0.020 

Shoulder Width-Ft.-- = 8.000 
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- = 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 0.600 - 1 0 ~ ~  
SPREAD-Ft. --T = 6.244 &- 

Average Velocity-V-fps = 1.118 

FLOW in Gutter-CFS--Q = 0.520 
% Flow in Gutter-CFS = 86.732 

Velocity of Flow in Gutter-fps = 1.312 
Depth at Curb Line-Inches--d = 2.908 

GRATE TYPE: ADOT STD.--C15.91 fl 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Capture Ratio - -  GRATE = 0.500 

Effective Perimeter--Ft. = 7.354 
Splash-Over Velocity--FPS = 7.354 

Local Gutter Depression-Inches = 1.000 Q 

Flow-CFS--Q = 0.600 
GUTTER FLOW at INLET-CFS--Q = 0.586 
Gutter Velocity at INLET-fps = 1;420 

Depth at INLET Curb Line-Inches--d = 3.485 

Frontal Flow Intercepted by GRATE--CFS = 0.563 
Lateral Flow Intercepted by GRATE--CFS = 0.031 
TOTAL Flow Intercepted by GRATE--CFS = 0.594 

% FLOW Intercepted = 98.952 
By-pass Flow--CFS = 0.006 - 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

11.-04-2004 
PROJECT NAME- P& TRACS NO. - 
HI GHWAY NAME - 

- un CHECKER - NDV PAGE 
DESIGNER - ~ 5 2  

LOCATION \ ~ \ \ 1 0 \  L-+ 
Ver 3.40: ~ecember-1995 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 
Roadway Cross-Slope-Ft./Ft.--Sx = 

- Shoulder Width-Ft.-- - 
Shoulder Slope-Ft./Ft.--Ss = 

Gutter Width-Ft.--W = 
Gutter Slope-Ft./~t.--Sw = 

Gutter Depression-Inches-- = 
Manning's 'N = 

Flow-CFS--Q = 
SPREAD-Ft.--T = 

Average Velocity-V-fps = 

FLOW in Gutter-CFS--Q = 
% Flow in Gutter-CFS = 

Velocity of Flow in Gutter-fps = 
Depth at Curb Line-Inches--d = 

GRATE TYPE: ADOT STD.--C15.91 4. 

Grate Length--Ft. = 
Grate Width---Ft. = 

Grate Area--Sq. Ft. = 
Capture Ratio - -  GRATE = 

Effective Perimeter--Ft. = 
Splash-Over Velocity--FPS = 

Local Gutter Depression-Inches = 

Flow-CFS--Q = 
GUTTER FLOW at INLET-CFS--Q = 
Gutter Velocity at INLET-fps = 

Depth at INLET Curb Line-Inches--d = 

Frontal Flow Intercepted by GRATE--CFS = 
Lateral Flow Intercepted by GRATE--CFS = 
TOTAL Flow Intercepted by GRATE--CFS = 

% FLOW Intercepted = 
By-pass Flow--CFS = 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

11-04-2004  
PROJECT NAME- Ffl TRACS NO. - 
HIGHWAY NAME- DESIGNER - ips/? 
LOCATION - f l c f i n  \ 2 ~ 5 5  L f  CHECKER - NDV PAGE 
Ver 3 .40 :  December 1995 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G 
Roadway Cross-Slope-Ft./~t.--SX 

Shoulder Width-Ft.-- 
Shoulder Slope-Ft./Ft.--SS 

Gutter Width-Ft.--W 
Gutter Slope-Ft./~t.--Sw 

Gutter Depression-Inches-- 
Manning's 'N 

Flow-CFS--Q = 0.  9 0 o 9 g ? y r  
SPREAD-Ft.--T = 7 .917-  B-Hsrb~ 

Average Velocity-V-fps = 1 .163  

FLOW in Gutter-CFS--Q = 0 . 6 9 1  
% Flow in Gutter-CFS = 76 .770  

Velocity of Flow in Gutter-fps = 1 . 4 3 9  
Depth at Curb Line-Inches--d = 3 - 3 1 0  

GRATE TYPE: ADOT STD.--C15.91Ja" 

Grate Length--Ft. = 3 .354  
Grate Width---Ft. = 2 .000  

Grate Area--Sq. Ft. = 5 . 1 7 1  
Capture Ratio - -  GRATE = 0 .500  

Effective Perimeter--Ft. = 7.354 
Splash-Over Velocity--FPS = 7 .354  

Local Gutter Depression-Inches = 1 . 0 0 0  v-- 

Flow-CFS--Q = 0 .900  
GUTTER FLOW at INLET-CFS--Q = 0.804 
Gutter Velocity at INLET-fps = 1 .558  

Depth at INLET Curb Line-Inches--d = 3 .982  

Frontal Flow Intercepted by GRATE--CFS = 0.754 
Lateral Flow Intercepted by GRATE--CFS = 0.099 
TOTAL Flow Intercepted by GRATE--CFS = 0.853 

% FLOW Intercepted = 94 .809  
By-pass Flow--CFS = 0.047- 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

11-04-2004 
PROJECT NAME- pfl TRACS NO. - 
HIGHWAY NAME- DESIGNER - fidiR 
LOCAT I ON - ML W Q  \ 2 1 ~ ~ 5 +  et CHECKER - N D V  PAGE 
Ver 3.40: December 1995 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.200 
Roadway Cross-Slope-Ft./~t.--Sx = 0.020 

Shoulder Width-Ft . - -  = 8.000 
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft . --W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- = 2.010 
Manning's 'N = 0.016 

Flow-CFS--Q = 0.600'IO$t 
SPREAD-Ft. --T = 6.318- amwf 

Average Velocity-V-fps = 1.099 

FLOW in Gutter-CFS--Q = 0.518 
% Flow in Gutter-CFS = 86.293 

Velocity of Flow in Gutter-fps = 1.294 
Depth at Curb Line-Inches--d = 2.926 

GRATE TYPE: ADOT STD.--C15.91/ 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area- -Sq. Ft . = 5.171 
Capture Ratio - -  GRATE = 0.500 

Effective Perimeter--Ft. = 7.354 
Splash-Over Velocity--FPS = 7.354 

Local Gutter Depression-Inches = 1 .OOO "'" 

Flow-CFS--Q = 0.600 
GUTTER FLOW at INLET-CFS--Q = 0.584 
Gutter Velocity at INLET-fps = 1.400 

Depth at INLET Curb Line-Inches--d = 3.508 

Frontal Flow Intercepted by GRATE--CFS = 0.561 
Lateral Flow Intercepted by GRATE--CFS. = 0.033 
TOTAL Flow Intercepted by GRATE--CFS = 0.593 

% FLOW Intercepted = 98.882 
By-pass Flow--CFS = 0.007- 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

11-04-2004 
PROJECT NAME- R f i  TRACS NO. - 
HIGHWAY NAME- DESIGNER - fLs!? 

<R - PAGE LOCATION - fib w.rn \&\I& O R 1-4 CHECKE 
Ver 3.40 : ~ecember-195 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.192 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 8 .000  
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft.--W = 2 .500  
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- = 2.010 
Manning's IN = 0 .016  

Flow-CFS--Q = 0 . 9 0 O c 5 Y ~ r  
SPREAD-Ft.--T = 8 .001  - ' b ~ h ~  

Average Velocity-V-fps = 1.143 

FLOW in Gutter-CFS--Q = 0 .687  
% Flow in Gutter-CFS = 76.280 

Velocity of Flow in Gutter-fps = 1 .417  
Depth at Curb Line-Inches--d = 3 .330  

GRATE TYPE: ADOT STD.--C15.91 (- 

Grate Length--Ft. = 3 .354  
Grate Width---Ft. = 2 .000  

Grate Area--Sq. Ft. = 5 . 1 7 1  
Capture Ratio - -  GRATE = 0.500 

Effective Perimeter--Ft. = 7.354 
Splash-Over Velocity--FPS = 7.354 

Local Gutter Depression-Inches = 1 .000  - 
Flow-CFS--Q = 0 .900  

GUTTER FLOW at INLET-CFS--Q = 0.800 
Gutter Velocity at INLET-fps = 1 .535  

Depth at INLET Curb Line-Inches--d = 4.006 

Frontal Flow Intercepted by GRATE--CFS = 0.749 
Lateral Flow Intercepted by GRATE--CFS = 0.103 
TOTAL Flow Intercepted by GRATE--CFS = 0.852 

% FLOW Intercepted = 94.642 
By-pass Flow--CFS = 0 .048  v 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- RPI 
HIGHWAY NAME- 
LOCATION - 4"l Ul3 \iIZ+Q'B b +  
Ver 3.40: December 1995 

TRACS NO. - 
DESIGNER - 
CHECKER - 

GRATE INLET DESIGN - -  ON GF!ADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G 
Roadway cross-slope-Ft./~t.--Sx 

Shoulder Width-Ft.-- 
Shoulder Slope-Ft./Ft.--Ss 

Gutter Width-Ft.--W 
Gutter Slope-Ft./~t.--Sw 

Gutter Depression-Inches-- 
Manning's IN 

Flow-CFS--Q 
SPREAD-Ft.--T 

Average Velocity-V-fps 

FLOW in Gutter-CFS--Q 
% Flow in Gutter-CFS 

Velocity of Flow in Gutter-fps 
Depth at Curb Line-Inches--d 

GRATE TYPE: ADOT STD. - -C15.914 

Grate Length--Ft. 
Grate Width---Ft. 

Grate Area--Sq. Ft. 
Capture Ratio - -  GRATE 

Effective Perimeter--Ft. 
Splash-Over Velocity--FPS 

Local Gutter Depression-Inches 

Flow-CFS--Q 
GUTTER FLOW at INLET-CFS--Q 
Gutter Velocity at INLET-fps 

Depth at INLET Curb Line-Inches--d 

Frontal Flow Intercepted by GRATE--CFS 
Lateral Flow Intercepted by GRATE--CFS 
TOTAL Flow Intercepted by GRATE--CFS 

% FLOW Intercepted 
By-pass Flow--CFS 



aRIZONA DEPARTMENT OF TWSPORTATION 
DRAINAGE DESIGN SECTION 

LOCATION - Ple un p. l?+LO CHECKE 
Ver 3 . 4 0 :  December 195 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G 
Roadway Cross-Slope-Ft./Ft.--Sx 

Shoulder Width-Ft.-- 
Shoulder Slope-Ft./Ft.--Ss 

Gutter Width-Ft.--W 
Gutter Slope-Ft./Ft.--Sw 

Gutter Depression-Inches-- 
Manning's IN 

Flow-CFS- -Q = 0.800 - §Q>r 
SPREAD-Ft.--T = 7.605 - f$'y"+ 

Average Velocity-V-fps = 1 .103  

FLOW in Gutter-CFS--Q = 0.629 
% Flow in Gutter-CFS = 78.594 

Velocity of Flow in Gutter-fps = 1.353 
Depth at Curb Line-Inches--d = 3.235 

GRATE TYPE: ADOT STD.--C15.91P 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5 .171  
Capture Ratio - -  GRATE = 0.500 

Effective Perimeter--Ft. = 7 .354  
Splash-Over Velocity--FPS = 7.354 

Local Gutter Depression-Inches = 1 .000  ' 

Flow-CFS--Q = 0.800 
GUTTER FLOW at INLET-CFS--Q = 0.729 
Gutter Velocity at INLET-fps = 1.466 

Depth at INLET Curb Line-Inches--d = 3 . 8 9 1  

Frontal Flow Intercepted by GRATE--CFS = 0 .686  
Lateral Flow Intercepted by GRATE--CFS = 0.082 
TOTAL Flow Intercepted by GRATE--CFS = 0.768 

% FLOW Intercepted = 96.033 
By-pass Flow--CFS = 0.032- 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

11-04-2004 
PROJECT NAME- R f i  TRACS NO. - 
HIGHWAY NAME- DESIGNER - \lsR 
LOCAT I ON - (u3hWa 11124 k.0 1-+ CHECKER - ,tJDv PAGE 
Ver 3.40: December 1995 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 
Roadway Cross-slope-Ft./Ft.--SX = 

Shoulder Width-Ft.-- = 
Shoulder Slope-Ft./~t.--Ss = 

Gutter Width-Ft.--W = 
Gutter Slope-Ft./~t.--Sw = 

Gutter Depression-Inches-- - - 
Manning's IN = 

Flow-CFS--Q = 0.600-1°yt 
SPREAD-Ft . - -T = 6.476 -%-+ 

Average Velocity-V-fps = 1.060 

FLOW in Gutter-CFS--Q = 0.512 
% Flow in Gutter-CFS = 85.350 

Velocity of Flow in Gutter-fps = 1.255 
Depth at Curb Line-Inches--d = 2.964 

GRATE TYPE: ADOT STD.--C15.91 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Capture Ratio - -  GRATE = 0.500 

Effective Perimeter--Ft. = 7.354 
Splash-Over Velocity--FPS = 7.354 

Local Gutter Depression-Inches = 1. O O O b r  

Flow-CFS--Q = 0.600 
GUTTER FLOW at INLET-CFS--Q = 0.580 
Gutter Velocity at INLET-fps = 1.358 

Depth at INLET Curb Line-Inches--d = 3.557 

Frontal Flow Intercepted by GRATE--CFS = 0.556 
Lateral Flow Intercepted by GRATE--CFS = 0.037 
TOTAL Flow Intercepted by GRATE--CFS = 0.592 

% FLOW Intercepted = 98.723 
By-pass Flow--CFS = ,  0.008 - 
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HIGHWAY NAME- DESIGNER - 2 % ~  
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GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 
Roadway Cross-Slope-Ft./Ft.--Sx = 

Shoulder Width-Ft.-- = 
Shoulder Slope-Ft./Ft.--Ss = 

Gutter Width-Ft.--W = 
Gutter Slope-Ft./Ft.--Sw = 

Gutter Depression-Inches-- = 
Manning's IN = 

Flow-CFS--Q = 0.800-<op 
SPREAD-Ft.--T = 7.696 -9-e,p 

Average Velocity-V-fps = 1.082 

FLOW in Gutter-CFS--Q = 0.624 
% Flow in Gutter-CFS = 78.062 

Velocity of Flow in Gutter-fps = 1.331 
Depth at Curb Line-Inches--d = 3.257 

GRATE TYPE: ADOT STD.--C15.91 ' 
Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Capture Ratio - -  GRATE = 0.500 

Effective Perimeter--Ft. = 7.354 
Splash-Over Velocity--FPS = 7.354 

Local Gutter Depression-Inches = 1.000 -- 
Flow-CFS--Q = 0.800 

GUTTER FLOW at INLET-CFS--Q = 0.724 
Gutter Velocity at INLET-fps = 1.442 

Depth at INLET Curb Line-Inches--d = 3.917 

Frontal Flow Intercepted by GRATE--CFS = 0.681 
Lateral Flow Intercepted by GRATE--CFS = 0.086 
TOTAL Flow Intercepted by GRATE--CFS = 0.767 

% FLOW Intercepted = 95.868 
By-pass Flow--CFS = 0.033 - 
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HIGHWAY NAME- DESIGNER - 17SQ 

11-04-2004e 
LOCATION - &4 ~ f i  t%l3+08 L + CHECKER - /VpV PAGE 
Ver 3.40: ~ecember 1995 

1 GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.176 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft . - - = 8.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- - - 2.010 
Manning's lN = 0.016 

Flow-CFS--Q = 0.600- 
SPREAD-Ft.--T = 6.560 B'dhg 

Average Velocity-V-fps = 1.039 

FLOW in Gutter-CFS--Q = 0.509 
% Flow in Gutter-CFS = 84.843 

Velocity of Flow in Gutter-fps = 1.234 
Depth at Curb Line-Inches--d = 2.985 

1 GRATE TYPE: ADOT STD.--C15.91 - 
Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Capture Ratio - -  GRATE = 0.500 

Effective Perimeter--Ft. = 7.354 
Splash-Over Velocity--FPS = 7.354 

Local Gutter Depression-Inches = 1.000 f l  

Flow-CFS--Q = 0.600 
GUTTER FLOW at INLET-CFS--Q = 0.578 
Gutter Velocity at INLET-fps = 1.336 

Depth at INLET Curb Line-Inches--d = 3.583 

Frontal Flow Intercepted by GRATE--CFS = 0.553 
Lateral Flow Intercepted by GRATE--CFS = 0.039 
TOTAL Flow Intercepted by GRATE--CFS = 0.592 

% FLOW Intercepted = 98.634 
By-pass Flow--CFS = 0.008 C- 
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GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.128 
Roadway Cross-Slope-Ft./~t.--Sx = 0.020 

Shoulder Width-Ft.-- = 8.000 
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./~t.--Sw = 0.067 

Gutter Depression-Inches-- = 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 0.700'~fY' 
SPREAD-Ft.--T = 7.801 c't-khf 

Average Velocity-V-fps = 0.927 

FLOW in Gutter-CFS--Q = 0.542 
% Flow in Gutter-CFS = 77.446 

Velocity of Flow in Gutter-fps = 1.143 
Depth at Curb Line-Inches--d = 3 -282 

GRATE TYPE: ADOT STD.--C15.91 (p 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Capture Ratio - -  GIiATE = 0.500 

Effective Perimeter--Ft. = 7.354 
Splash-Over Velocity--FPS = 7.354 

Local Gutter Depression-Inches = 1.000r 

Flow-CFS--Q = 0.700 
GUTTER FLOW at INLET-CFS--Q = 0.630 
Gutter Velocity at INLET-fps = 1.237 

Depth at INLET Curb Line-Inches--d = 3.947 

Frontal Flow Intercepted by GRATE--CFS = 0.591 
Lateral Flow Intercepted by GRATE--CFS = 0.083 
TOTAL Flow Intercepted by GRATE--CFS = 0.675 

% FLOW Intercepted = 96.386 
By-pass Flow--CFS = 0 . 0 2 5 , ~  
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GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 
Roadway Cross-slope-~t./~t.--SX = 

- Shoulder Width-Ft.-- - 
Shoulder Slope-Ft./~t.--Ss = 

Gutter Width-Ft.--W = 
Gutter Slope-Ft./~t.--Sw = 

Gutter Depression-Inches-- - - 
Manning's IN = 

Flow-CFS--Q = 0.500' W Y  r 
SPREAD-Ft.--T = P 6 .477.8m4y 

Average Velocity-V-fps = 0.883 

FLOW in Gutter-CFS--Q = 0.427 
% Flow in Gutter-CFS = 85.445 

Velocity of Flow in Gutter-fps = 1.047 
Depth at Curb Line-Inches--d = 2.964 

GRATE TYPE: ADOT STD.--C15.91 

Grate Length--Ft. = 3 -354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Capture Ratio - -  GRATE = 0.500 

Effective Perimeter--Ft. = 7.354 
Splash-Over Velocity--FPS = 7.354 

Local Gutter Depression-Inches = 1.000 ' 

Flow-CFS--Q = 0.500 
GUTTER FLOW at INLET-CFS--Q = 0.484 
Gutter Velocity at INLET-fps = 1.132 

Depth at INLET Curb Line-Inches--d = 3.556 

Frontal Flow Intercepted by GRATE--CFS = 0.463 
Lateral Flow Intercepted by GRATE--CFS = 0.032 
TOTAL Flow Intercepted by GRATE--CFS = 0 -495 

% FLOW Intercepted = 99.036 
By-pass Flow--CFS = 0.005 - 
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GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.122 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 8.000 
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft.--W = 2 .500  
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- - - 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = O . ~ O O - ~ ~ Y ~  
SPREAD-Ft.--T = 7.899 -'b--&$ 

Average Velocity-V-fps = 0.908 

FLOW in Gutter-CFS--Q = 0.538 
% Flow in Gutter-CFS = 76 .870  

Velocity of Flow in Gutter-fps = 1 .123  
Depth at Curb Line-Inches--d = 3.306 

GRATE TYPE: ADOT STD.--C15.91 I 

Grate Length--Ft. = 3 .354  
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft.. = 5 . 1 7 1  
Capture Ratio - -  GRATE = 0.500 

Effective Perimeter--Ft. = 7.354 
Splash-Over Velocity--FPS = 7.354 

Local Gutter Depression-Inches = 1 .000  P-' 

Flow-CFS--Q = 0.700 
GUTTER FLOW at INLET-CFS--Q = 0.626 
Gutter Velocity at INLET-fps = 1 . 2 1 6  

Depth at INLET Curb Line-Inches--d = 3 .977  

Frontal Flow Intercepted by GRATE--CFS = 0.587 
Lateral Flow Intercepted by GRATE--CFS = 0.087 
TOTAL Flow Intercepted by GRATE--CFS = 0.674 

% FLOW Intercepted = 96.287 
By-pass Flow--CFS = 0.026 
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GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.122 
Roadway Cross-Slope-Ft./~t.--Sx = 0.020 

Shoulder Width-Ft.-- = 8.000 
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft . --W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- - - 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 0.500- w y r  
SPREAD-Ft.--T = 6.564 - 

Average Velocity-V-fps = 0.865 

FLOW in Gutter-CFS--Q = 0.424 
% Flow in Gutter-CFS = 84.822 

Velocity of Flow in Gutter-fps = 1.028 
Depth at Curb Line-Inches--d = 2.985 

GRATE TYPE: ADOT STD.--C15.9lW 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Capture Ratio - -  GRATE = 0.500 

Effective Perimeter--Ft. = 7.354 
Splash-Over Velocity--FPS = 7.354 

Local Gutter Depression-Inches = 1. 0 0 0 ~  

Flow-CFS- -Q = 0.500 
GUTTER FLOW at INLET-CFS--Q = 0.482 
Gutter Velocity at INLET-fps = 1.113 

Depth at INLET Curb Line-Inches--d = 3.584 

Frontal Flow Intercepted by GRATE--CFS = 0 -461 
Lateral Flow Intercepted by GRATE--CFS = 0.034 
TOTAL Flow Intercepted by GRATE--CFS = 0.495 

% FLOW Intercepted = 98.963 
By-pass Flow--CFS = 0.005 * 
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GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.118 
Roadway Cross-Slope-Ft./~t.--Sx = 0.020 

Shoulder Width-Ft.-- = 8 .000  
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 2 .500  
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- = 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 0 .700-  S-OvF 
SPREAD-Ft.--T = 7 .968  - 

Average Velocity-V-fps = 0.895 

FLOW in Gutter-CFS--Q = 0 .535  
% Flow in Gutter-CFS = 76 .470  

Velocity of Flow in Gutter-fps = 1 . 1 0 9  
Depth at Curb Line-Inches--d = 3 . 3 2 2  

GRATE TYPE: ADOT S T D . - - C 1 5 . 9 1 c  

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5 . 1 7 1  
Capture Ratio - -  GRATE = 0.500 

Effective Perimeter--Ft. = 7 .354  
Splash-Over Velocity--FPS = 7 .354  

Local Gutter Depression-Inches = 1 .000-  

Flow-CFS--Q = 0.700 
GUTTER FLOW at INLET-CFS--Q = 0.623 
Gutter Velocity at INLET-fps = 1 . 2 0 1  

Depth at INLET Curb Line-Inches--d = 3.996 

Frontal Flow Intercepted by GRATE--CFS = 0.584 
Lateral Flow Intercepted by GRATE--CFS = 0.089 
TOTAL Flow Intercepted by GRATE--CFS = 0.673 

% FLOW Intercepted = 96.189 
By-pass Flow--CFS = 0.027+ 
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GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 
Roadway Cross-Slope-Ft./Ft.--Sx = 

Shoulder Width-Ft.-- = 
Shoulder Slope-Ft./Ft.--Ss = 

Gutter Width-Ft.--W = 
Gutter Slope-Ft./Ft.--Sw = 

Gutter Depression-Inches-- = 
Manning's 'N = 

Flow-CFS--Q = 0.500-)9yr 
SPREAD-Ft.--T = 6.628 -B'-WW 

Average Velocity-V-ips = 0.853 

FLOW in Gutter-CFS--Q = 0.422 
% Flow in Gutter-CFS = 84.439 

Velocity of Flow in Gutter-fps = 1.015 
Depth at Curb Line-Inches--d = 3.001 

GRATE TYPE: ADOT STD.--C15.91A 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Capture Ratio - -  GRATE = 0.500 

Effective Perimeter--Ft. = 7.354 
Splash-Over Velocity--FPS = 7.354 

Local Gutter Depression-Inches = 1.000 

Flow-CFS--Q = 0.500 
GUTTER FLOW at INLET-CFS--Q = 0.480 
Gutter Velocity at INLET-fps = 1.099 

Depth at INLET Curb Line-Inches--d = 3.603 

Frontal Flow Intercepted by GRATE--CFS = 0.459 
Lateral Flow Intercepted by GRATE--CFS = 0.036 
TOTAL Flow Intercepted by GRATE--CFS = 0.495 

% FLOW Intercepted = 98.911 
By-pass Flow--CFS = 0.005 c-l" 
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SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.166 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- = 2.010 
Manning's 'N = 0.016 

Flow-CFS--Q = 1.400 - I o t / '  
SPREAD-~t.--T = 10.290-~6& 

Average Velocity-V-fps = 1.161 

FLOW in Gutter-CFS--Q = 0.898 
% Flow in Gutter-CFS = 64.170 

Velocity of Flow in Gutter-fps = 1.500 
Depth at Curb Line-Inches--d = 3.880 

SLOTTED DRAIN--DOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91 

Grate Length--Fe. = 3.354 
Grate Width-- -Ft . = 2.000 

I 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 4.634 
Local Gutter Depression-Inches = 1.000/ 

Length of opening: TOTAL Intercept--Ft. = 8.191 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S.D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - -  
5.000 0.817 1.143 0.257 1.400 0.000 100.001~--- 
10.000 1.000 1.400 0.000 1.400 0.000 100.00 

1.000 1.400 0.000 1.400 0.000 100.00 
1.000 1.400 0.000 1.400 0.000 100.00 
1.000 1.400 0.000 1.400 0.000 100.00 
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SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.166 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- = 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 2.000 ' 
SPREAD-Ft.--T = 12.087-lzt+'4~ 

Average Velocity-V-fps = 1.244 

FLOW in Gutter-CFS--Q = 1.128 
% Flow in Gutter-CFS = 56.394 

Velocity of Flow in Gutter-fps = 1.638 
Depth at Curb Line-Inches--d = 4.311 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91' 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 5.106 
Local Gutter Depression-Inches = 1. OOOc 

Length of opening: TOTAL Intercept--Ft. = 10.091 
Capture Ratio -- SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S .D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - -  - - - - - - - - - -  - - - - - - -  
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1 SLOTTED DRAIN W/ GRATE--ON GRADE 

I 
I 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.250 
Roadway Cross-Slope-Ft./~t.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./~t.--Sw = 0.067 

Gutter Depression-Inches-- - - 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 4.600 -\Or r 
SPREAD-Ft. --T = 15.788- IG--*,* 

Average Velocity-V-fps = 1.743 

FLOW in Gutter-CFS--Q = 2.045 
% Flow in Gutter-CFS = 44.453 

Velocity of Flow in Gutter-fps = 2.340 
Depth at Curb Line-Inches--d = 5.199 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.911 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 6.047 
Local Gutter Depression-Inches = 1 . 0 0 0 ~  

Length of opening: TOTAL Intercept--Ft. = 18.005 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH ~fficienc~ Q(S.D.) Q(GRATE) Q(1NT.) Q(By-Pass) %CAPT. 
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n/hd PAGE 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.250 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- - - 2.010 
Manning's 'N = 0.016 

Flow-CFS--Q = 6.400.50~' 
SPREAD-Ft.--T = 18.068-22'-ay 

Average Velocity-V-fps = 1.876 

FLOW in Gutter-CFS--Q = 2.503 
% Flow in Gutter-CFS = 39.105 

Velocity of Flow in Gutter-fps = 2.534 
Depth at Curb Line-Inches--d = 5.746 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91/ 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

GrateArea--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 6.615 
Local Gutter Depression-Inches = 1. OOO/ 

Length of opening: TOTAL Intercept--Ft. = 21.842 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D.) Q(GRATE) Q(1NT.) Q(By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - - - - - - - - - - - -  - - - - - - -  
5.000 0.374 2.392 2.480 4.872 1.528 76.13 

10.000 0.668 4.274 1.640 5.913 0.487 92.40 
15.000 0.876 5.608 0.770 6.378 0.022 99.66- 
20.000 0.988 6.325 0.075 6.400 0.000 
25.000 1.000 6.400 0.000 6.400 0.000 100. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

1 0 - 1 2 - 2 0 0 4  
PROJECT NAME- R/vl TRACS NO. - 
HIGHWAY NAME- DESIGNER - R ~ R  
LOCATION - L. Y O  I ' L Z ~ S & ~  L 4. CHECKER - dbv PAGE 
Ver 3 . 4 0 :  December 1995  

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDWLICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0 . 2 5 0  
Roadway Cross-Slope-Ft./~t.--Sx = 0 . 0 2 0  

Shoulder Width-Ft.-- = 1 0 . 0 0 0  
Shoulder Slope-Ft./~t.--Ss = 0 . 0 2 0  

Gutter Width-Ft.--W = 2 . 5 0 0  
Gutter Slope-Ft./~t.--Sw = 0 . 0 6 7  

Gutter Depression-Inches-- = 2 . 0 1 0  
Manning's 'N = 0 . 0 1 6  

Flow-CFS--Q = 4  - 7 0 0 - l o ) r  
SPREAD-Ft.--T = 1 5 . 9 2 9  - l b J - . v  

Average Velocity-V-fps = 1 . 7 5 1  

FLOW in Gutter-CFS--Q = 2 . 0 7 2  
% Flow in Gutter-CFS = 4 4 . 0 8 5  

Velocity of Flow in Gutter-fps = 2 . 3 5 2  
Depth at Curb Line-Inches--d = 5 . 2 3 3  

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91., 

Grate Length--Ft. = 3 . 3 5 4  
Grate Width---Ft. = 2 . 0 0 0  

Grate Area--Sq. Ft. = 5 . 1 7 1  
Splash-Over Velocity--FPS = 7 . 3 5 4  

Depth at INLET Curb Line-Inches--d = 6 . 0 8 2  
Local Gutter Depression-Inches = 1 . 0 0 0 -  

Length of opening: TOTAL Intercept--Ft. = 1 8 . 2 3 4  
Capture Ratio - -  SLOTTED DRAIN = 0 . 6 7 0  

Capture Ratio - -  GRATE = 0 . 5 0 0  

LENGTH Efficiency Q ( S . D . )  Q(GRATE) Q(1NT.) Q(By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - - - - - - - - - -  - - - - - - - - - - - - - - - - -  - - - - - - -  

5 . 0 0 0  0 . 4 3 8  2 . 0 6 0  1 . 9 0 5  3 . 9 6 6  0 . 7 3 4  8 4 . 3 8 -  
1 0  - 0 0 0  0 . 7 6 1  3 .576  1 . 0 3 6  4 . 6 1 2  0 . 0 8 8  9 8 . 1 3  

0 . 9 5 6  4  - 4 9 1  0 . 2 0 9  4 . 7 0 0  0 . 0 0 0  1 0 0 . 0 0  
1 . 0 0 0  4 . 7 0 0  0 . 0 0 0  4 . 7 0 0  0 . 0 0 0  1 0 0 . 0 0  

2 5 . 0 0 0  1 . 0 0 0  4 . 7 0 0  0 . 0 0 0  4 . 7 0 0  0 . 0 0 0  1 0 0 . 0 0  



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G 
Roadway Cross-Slope-Ft./Ft.--Sx 

Shoulder Width-Ft.-- 
Shoulder Slope-Ft./Ft.--Ss 

Gutter Width-Ft.--W 
Gutter Slope-Ft./~t.--Sw 

Gutter Depression-Inches-- 
Manning's IN 

Flow-CFS--Q = 6.600-5oyt 
SPREAD-Ft.--T = 18.294-22'--r 

Average Velocity-V-fps = 1.889 

FLOW in Gutter-CFS--Q = 2.550 
% Flow in Gutter-CFS = 38.638 

Velocity of Flow in Gutter-fps = 2.553 
Depth at Curb Line-Inches--d = 5.800 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATETYPE: ADOT STD.--C15.91/ 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 6.671 
Local Gutter Depression-Inches = 1.000 

Length of opening: TOTAL Intercept--Ft. = 22.237 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S . D. ) Q (GRATE) Q (INT. ) Q (BY-Pass) % CAPT . 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - - - - - - - - - - - -  - - - - - - -  
5.000 0.368 2.427 2.542 4.969 1.631 75.29- 
10.000 0.659 4.348 1.716 6.064 0.536 91.88 
15.000 0.867 5.725 0.841 6.566 0.034 99.48 
20.000 0.984 6.494 0.106 6.600 0.000 
25.000 1.000 6.600 0.000 6.600 0.000 100. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- RE/I TRACS NO. - 
AY NAME- DES IGNE- 

LOCATION - hA3 1?Z6+21 L t  CHECKER - - 1 

R - R 5 q  
f/6 !f PAGE 

Ver 3.40: ~ecember 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDIiAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.102 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft . --W = 2.500 
Gutter Slope-Ft./~t.--Sw = 0.067 

Gutter Depression-Inches-- = 2.010 
Manning's 'N = 0.016 

Flow-CFS--Q = 2 -900- )Qyr 
SPREAD-Ft . --T = 15.709 -I&--- 

Average Velocity-V-fps = 1.109 

FLOW in Gutter-CFS--Q = 1.295 
% Flow in Gutter-CFS = 44.661 

Velocity of Flow in Gutter-fps = 1.489 
Depth at Curb Line-Inches--d = 5.180 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91/ 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 6.027 
Local Gutter Depression-Inches = 1. OOO/ 

Length of opening: TOTAL Intercept--Ft. = 11.306 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S .D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - a - 
5.000 0.650 1.886 0.916 2.803 0.097 96.64- 
10.000 0.979 2.840 0.060 2.900 0.000 100.00 

1.000 2.900 0.000 2.900 0.000 100.00 
1.000 2.900 0.000 2.900 0.000 100.00 
1.000 2.900 0.000 2.900 0.000 100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- R f l  TRACS NO. - 
HIGHWAY NAME- DESIGNER - Rs~Z 
LOCATION - m ~  W B  \ ? 2 B t  21 LS. CHECKER - /l/DV PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.102 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- - - 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 4.600 - g o y r  
SPREAD-~t. --T = 18.955 - Z Z ' ~ ~  

Average Velocity-V-fps = 1.230 

FLOW in Gutter-CFS--Q = 1.717 
% Flow in Gutter-CFS = 37.329 

Velocity of Flow in Gutter-fps = 1.664 
Depth at Curb Line-Inches--d = 5.959 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 6.835 
Local Gutter Depression-Inches = 1.0000 

Length of opening: TOTAL Intercept--Ft. = 14.802 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S .D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - - - - - - - - - -  - - - - - - -  - - - - - - - - - -  - - - - - - - 
5.000 0.524 2.409 1.638 4.048 0.552 87.99- 
10.000 0.868 3.994 0.589 4.583 0.017 99.63 
15.000 1.000 4.600 0.000 4.600 0.000 100.00 
20.000 1.000 4.600 0.000 4.600 0.000 
25.000 1.000 4.600 0.000 4.600 0.000 100. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

04-22-2005  
PROJECT NAME- F f l  TRACS NO. - 
HIGHWAY NAME- DESIGNER - r(s(7 
LOCATION - /I'tL 1di3 ram tat a? k t  CHECKER - ND\/ PAGE 
Ver 3 .40 :  December 1995  

SLOTTED DRAIN W/ GRATE--IN SUMP 

GUTTER FLOW HYDRAULICS 

GUTTER DESCRIPTION 

Roadway Cross-Slope-Ft./~t.--Sx = 0.020 
Shoulder Width-Ft.-- = 10.000 

Shoulder Slope-~t./Ft.--SS = 0.020 
Gutter Width-Ft.--W = 2.500 

Gutter Slope-Ft./Ft.--Sw = 0.067 
Gutter Depression-Inches-- = 2.010 

GRATE TYPE: ADOT STD.--C15.91 
Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5 . 1 7 1  
Effective Perimeter--Ft. = 7.354 

Capture Ratio - -  GRATE = 0.500 
Capture Ratio - -  SLOTTED DRAIN = 0.500 

Local Gutter Depression-Inches = 1.000 

LENGTH Q(S1ot. Dn) Q (Grate) d (inches) SPREAD, Ft . 
- - - - - -  - - - - - - - - - -  - - - - - - - - - - - - - - - - -  - - - - - - - - - -  

5.000 1 .539  1 . 7 6 1  4.187 1 1 . 5 7 0 ~ 1 6 ' m a ~  
10.000 2 .276  1 . 0 2 6  3 .076 6 .940 
15.000 2 .627  0.672 2.422 4 .218  
20.000 2 .830  0  - 4 7 1  1 .969  2 .449  
25.000 2 .949  0 . 3 5 1  1 .629  2 .026  



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- EM TRACS NO. - 
HIGHWAY NAME- DESIGNER - G R  
LOCAT ION - &L W B  laaq +21.21 &L CHECKER - PAGE 
Ver 3.40: .December 1995 

SLOTTED DRAIN W/ GRATE--IN SUMP 

GUTTER FLOW HYDRAULICS 

GUTTER DESCRIPTION 

Roadway Cross-Slope-Ft./~t.--Sx = 0.020 
Shoulder Width-Ft.-- = 10.000 

Shoulder Slope-Ft./Ft.--Ss = 0.020 
Gutter Width-Ft.--W = 2.500 

Gutter Slope-Ft./~t.--Sw = 0.067 
Gutter Depression-Inches-- = 2.010 

GRATE TYPE: ADOT STD.--C15.91 
Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Effective Perimeter--Ft. = 7.354 

Capture Ratio -- GRATE = 0.500 
Capture Ratio --  SLOTTED DRAIN = 0.500 

Local Gutter Depression-Inches = 1.000 

LENGTH Q(S1ot. Dn) Q (Grate) d (inches) SPREAD, Ft . 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

I 
10-12-2004 

PROJECT NAME- Rf l  TRACS NO. - 
DESIGNER - R S Q  

LOCATION - L 3 h - i  rzSat4  6 CHECKER - NDV PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE " 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.127 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 20.000 
Shoulder Slope-Ft./Ft.--SS = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./~t.--Sw = 0.067 

Gutter Depression-Inches-- = 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 3.300-to P SPREAD-Ft.--T = 15.838-' ""%r 
Average Velocity-V-fps = 1.243 

FLOW in Gutter-CFS--Q = 1.463 
% Flow in Gutter-CFS = 44.321 

Velocity of Flow in Gutter-fps = 1.669 
Depth at Curb Line-Inches--d = 5.211 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.914 

Grate Length--Ft. = 3 -354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 6.060 
Local Gutter Depression-Inches = 1.000 

Length of opening: TOTAL Intercept--Ft. = 12.789 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D.1 Q(GRATE) Q(INT.1 Q(By-Pass) 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - - - - - - - - -  - - - - - - - - - -  

% CAPT. 
- - - - - - -  
94.10- 
100.00 
100.00 
100.00 
100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE' DESIGN SECTION 

PROJECT NAME- R f l  TRACS NO. - 
HIGHWAY NAME- DESIGNER - R5 R 
LOCATION - U Q  1330 * Y  6 CHECKER - N W  

10-12-20040 
PAGE 

Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.127 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- - - 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 5. 500-.SQ'ft 
SPREAD-Ft . --T = 19.488 -2~'--hr 

Average Velocity-V-fps = 1.394 

FLOW in Gutter-CFS--Q = 1.998 
% Flow in Gutter-CFS = 36.330 

Velocity of Flow in Gutter-fps = 1.887 
Depth at Curb Line-Inches--d = 6.087 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91 

Grate Length--Ft. - =  3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 6.966 
Local Gutter Depression-Inches = 1.000 - 

Length of opening: TOTAL Intercept--Ft. = 17.227 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - - GRATE = 0.500 

LENGTH Efficiency Q (S . D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - -  - - - - - - - - - -  - - - - - - -  
5.000 0.460 2.533 2.017 4.550' 0.950 82.72- 

10.000 0.791 4.348 1.022 5.370 0.130 97.64 
15.000 0.975 5.362 0.138 5.500 0.000 100.00 
20.000 1.000 5.500 0.000 5.500 0.000 
25.000 1.000 5.500 0.000 5.500 0.000 100. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

10-12-2004 @ PROJECT NAME-$& TRACS NO. - 
HIGHWAY NAME- DESIGNER - R s R  
LOCATION -fit W R  \'L34+00 LC CHECKER - /JDv PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.410 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./~t.--Sw = 0.067 

Gutter Depression-Inches-- = 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 5.000- lOc ,~  
SPREAD-Ft.--T = 14.748 - l b - c - 7  

Average Velocity-V-fps = 2.153 

FLOW in Gutter-CFS--Q = 2.367 
% Flow in Gutter-CFS = 47.349 

Velocity of Flow in Gutter-fps = 2.881 
Depth at Curb Line-Inches--d. = 4.950 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91/ 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 5.785 
Local Gutter Depression-Inches = 1.000 /' 

Length of opening: TOTAL Intercept--Ft. = 21.042 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q ( S  .D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

10-12-2004 
PROJECT NAME- R r )  TRACS NO. - 
HIGHWAY NAME- DESIGNER - RsR 
LOCATION - @I) \234400 LS CHECKER - M?v PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.410 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./~t.--Sw = 0.067 

Gutter Depression-Inches-- - - 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 8.100- Soyr 
SPREAD-Ft . --T = 17.982 - T ~ ' - G F  

Average Velocity-V-fps = 2.396 

FLOW in Gutter-CFS--Q = 3.182 
% Flow in Gutter-CFS = 39.285 

Velocity of Flow in Gutter-fps = 3 -236 
Depth at Curb Line-Inches--d = 5.726 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91/ 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at.INLET Curb Line-Inches--d = 6.594 
Local Gutter Depression-Inches = 1.000 , 

Length of opening: TOTAL Intercept--Ft. = 27.918 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S .D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - -  - - - - - - - - - -  - - - - - - -  
5.000 0.299 2.422 3.151 5.573 2.527 68.80 
10.000 0.550 4 -454 2.418 6.872 1.228 84.84 - 
15.000 0.750 6.077 1.655 7.732 0.368 95.45 
20.000 0.897 7.262 0.824 8.086 0.014 
25.000 0.983 7.961 0.139 8.100 0.000 100. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

10-12-2004 
PROJECT NAME- Rr*, TRACS NO. - 
HIGHWAY NAME- DESIGNER - ~ s &  
LOCATION - M L ~ ~ P ,  \1C3%400 l +  CHECKER - fib PAGE 
Vex 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.410 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- = 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 5.100-1Qjp 
SPREAD-Ft. --T = 14.871- l b  -br  

Average Velocity-V-fps = 2.163 

FLOW in Gutter-CFS--Q = 2.397 
% Flow in Gutter-CFS = 46.991 

Velocity of Flow in Gutter-fps = 2.895 
Depth at Curb Line-Inches--d = 4.979 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATETYPE: AD0TSTD.--C15.91-' 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 5.816 
Local Gutter Depression-Inches = 1.000 - 

Length of opening: TOTAL Intercept--Ft. = 21.289 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D.) Q(GRATE) Q(1NT.) Q(By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - -  - - - - - - - - - -  - - - - - - -  
5.000 0.382 1.950 2.209 4.159 0.941 81.546- 
10.000 0.681 3.472 1.419 4.891 0.209 95.91 

0.889 4.532 0.567 5.099 0.001 99.97 
0.994 5.067 0.033 5.100 0.000 100.00 
1.000 5.100 0.000 5.100 0.000 100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

10-12-2004 
PROJECT NAME- RM TRACS NO. - 
HIGHWAY NAME- DESIGNER - RSR 
LOCATION - ~ * I L  W O  l230JQU L 3  CHECKER - f l ~ d  PAGE 

0 
Ver 3.40:  December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.410 
Roadway Cross-Slope-Ft./~t.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- - - 2.010 
Manning's IN = 0.016 

Flow-CFS- -Q = 8 . 0 0 0 - Z o p r  
SPREAD-Ft . - -T = 17.892 - 't-t '-ay 

Average Velocity-V-fps = 2.389 

FLOW in Gutter-CFS--Q = 3.158 
% Flow in Gutter-CFS = 39.476 

Velocity of Flow in Gutter-fps = 3.226 
Depth a t  Curb Line-Inches--d = 5.704 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--Cl5.91 @ 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5 .171  
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 6 .571  
Local Gutter Depression-Inches = 1.000 -- 

Length of opening: TOTAL Intercept--Ft. = 27.717 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D.) Q(GRATE) Q(1NT.) Q(By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - -  - - - - - - - - - -  - - - - - - - 

5.000 0 . 3 0 1  2.408 3.123 5 .531  2.469 6 9 . 1 3 9 -  
10.000 0.553 4.425 2.389 6.814 1.186 85.17 
15.000 0.754 6.032 1.624 7.656 0.344 95.69 
20.000 0.900 7.199 0.790 7.989 0.011 
25.000 0.985 7.878 0.122 8.000 0.000 100.  " *O 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

10-12-2004 
TRACS NO. - 

HIGHWAY NAME- DESIGNER - AS/? 
LOCATI ON - w \ 2 Y Z 4 0 3  L t  CHECKER - Nnv  PAGE 
Ver 3.40 : ~ecember -1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.410 
Roadway Cross-Slope-Ft./~t.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./~t.--Sw = 0.067 

Gutter Depression-Inches-- = 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 5.700 -107 7 
SPREAD-Ft . - -T = 15.575 ' j b  me.% 

Average Velocity-V-fps = 2.216 

FLOW in Gutter-CFS--Q = 2.566 
% Flow in Gutter-CFS = 45.025 

Velocity of Flow in Gutter-fps = 2.973 
Depth at Curb Line-Inches--d = 5.148 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.914 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 5.993 
Local Gutter Depression-Inches = 1.000- 

Length of opening: TOTAL Intercept--Ft. = 22.729 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D.) Q(GRATE) Q(1NT.) Q(By-Pass) % CAPT. 
- - - - - - - - - - - - - - - -  - - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - -  
5.000 0.361 2.055 2.417 4.473 1.227 78.47 
10.000 0.648 3.692 1.646 5.338 0.362 93.66- 

0.857 4.882 0.806 5.688 0.012 99.79 
0.978 5.574 0.126 5.700 0.000 100.00 

25.000 1.000 5.700 0.000 5.700 0.000 100.00 

L 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- RE? . . 
HIGHWAY NAME- 
LOCATION - 1 2 Y t t W  L +  
Ver 3.40: December 1995 

TRACS NO 
DESIGNER 
CHECKER 

1 - 3 . .  -, 
/uDV PAGE 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.410 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- = 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 8.400 - f q ~ r  
SPREAD-Ft . --T = 18.248 - 2 2 ~ l - l ~  

Average Velocity-V-fps = 2.416 

FLOW in Gutter-CFS--Q = 3.253 
% Flow in Gutter-CFS = 38.732 

Velocity of Flow in Gutter-fps = 3.264 
Depth at Curb Line-Inches--d = 5.790 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91( 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 6.660 
Local Gutter Depression-Inches = 1.000 T 

Length of opening: TOTAL Intercept--Ft. = 28.515 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D. ) Q(GRATE) Q (INT.) Q (BY-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - -  - - - - - - - - - -  - - - - - - -  
5.000 0.293 2.463 3.234 5.697 2.703 67.82 
10.000 0.540 4.539 2.504 7.043 1.357 83.84- 
15.000 0.739 6.209 1.747 7.956 0.444 94.71 
20.000 0.886 7.446 0.926 8.372 0.028 
25.000 0.977 8.206 0.194 8.400 0.000 100. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

10-12-2004 
PROJECT NAME- RM TRACS NO. - 
HIGHWAY NAME- DESIGNER - @St? 
LOCATION - f i ~  wI3 IZY7+Qu L+ CHECKER - /Z/DV PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.509 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 2 -500 
Gutter Slope-Ft./~t.--Sw = 0.067 

Gutter Depression-Inches-- = 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 6.100- ' 
SPREAD-Ft.--T = 15.318-l6'--~ 

Average Velocity-V-fps = 2.447 

FLOW in Gutter-CFS--Q = 2.789 
% Flow in Gutter-CFS = 45.726 

Velocity of Flow in Gutter-fps = 3 -280 
Depth at Curb Line-Inches--d = 5.086 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91° 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 5.929 
Local Gutter Depression-Inches = 1.000 , 

Length of opening: TOTAL Intercept--Ft. = 24.783 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D.) Q(GRATE) Q(1NT.) Q(By-Pass) %CAPT. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- RM 
HIGHWAY NAME- 
LOCATION - A L  QD t 2 Y  7+00 L+ 
Ver 3.40: December 1995 

TRACS N0.- 
DESIGNER - 
CHECKER - 

SLOTTED DRAIN W / GRATE - -ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.509 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./~t.--Sw = 0.067 

Gutter Depression-Inches-- - - 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 8.400 - 50rr 
SPREAD-Ft . --T = 17.468 -2d-69 

Average Velocity-V-fps = 2.626 

FLOW in Gutter-CFS--Q = 3.393 
% Flow inGutter-CFS = 40.399 

Velocity of Flow in Gutter-fps = 3.543 
Depth at Curb Line-Inches--d = 5.602 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.9lY 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 6.466 
Local Gutter Depression-Inches = 1.000- 

Length of opening: TOTAL Intercept--Ft. = 29.895 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D.) Q(GRATE) Q(INT.1 Q(By-Pass) %CAPT. 
- - - - - 7 - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - -  - - - - - - - - - -  - - - - - - -  
5.000 0.281 2.358 3.330 5.688 2.712 67.71 
10.000 0.520 4.364 2.623 6.988 1.412 83.19 
15.000 0.715 6.003 I. 891 7.894 0.506 93.98rt---- 
20.000 0.863 7.252 1.097 8.349 0.051 
25.000 0.962 8.077 0.323 8.400 0.000 100. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

11-10-2004 
PROJECT NAME- p n  T W S  NO. - 
HIGHWAY NAME- DESIGNER - PsR 
LOCATION - w a  n5s.ts4 k t  CHECKER - ~/13(f PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 1.296 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 12.000 
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./~t.--Sw = 0.037 

Gutter Depression-Inches-- = 1.998 
Manning's IN = 0.016 

Flow-CFS--Q = 2.100 l i o ~ t  
SPREAD-Ft . - -T = 7.493 - ~d "e.4 

Average velocity-V-fps = 2.863 

FLOW in Gutter-CFS--Q = 1.990 
% Flow in Gutter-CFS = 94.785 

Velocity of Flow in Gutter-fps = 3.091 
Depth at Curb Line-Inches--d = 2.716 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: aDOT STD.--C15.92/ 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 1.455 
Local Gutter Depression-Inches = 0.000 /- 

Length of opening: TOTAL Intercept--Ft. = 29.115 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH ~fficiency Q(s.D.) Q(GRATE) Q(1NT.) Q(By-Pass) % CAPT. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

11-10-2004 
PROJECT NAME- R/V1 TRACS NO. - 
HIGHWAY NAME - 

- -- 

DESIGNER - 35-R _ 

LOCATION - IY\L ur3 12 55166 L +  
Ver 3.40 : December 1995 

CHECKER - No\/ PAGE 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 1.296 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 12.000 
Shoulder Slope-Ft./~t.--SS = 0.020 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./Ft.--Sw = 0.037 

Gutter Depression-Inches-- - - 1.998 
Manning's IN = 0.016 

Flow-CFS--Q = 3.300'f;0/s 
SPREAD-Ft.--T = 9.412 --l6-+-&p 

Average Velocity-V-fps = 3 -119 

FLOW in Gutter-CFS--Q = 2.891 
% Flow inGutter-CFS = 87.597 . 

Velocity of Flow in Gutter-fps = 3.540 
Depth at Curb Line-Inches--d = 3.177 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.92 - 

Grate Length--Ft. = 3 -350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 1.595 
Local Gutter Depression-Inches = 0 . 0 0 0 ~  

Length of opening: TOTAL Intercept--Ft. = 35.936 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q ( S  . D. ) Q (GRATE) Q (INT. ) Q (BY-pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - -  - - - - - - - - - -  - - - - - - -  
5.000 0.236 0.780 1.659 2.439 0.861 73.90 
10,000 0.444 1.465 1.322 2.788 0.512 84.47 
15.000 0.622 2.052 0.987 3.040 0.260 92.11 
20.000 0.769 2.536 0.670 3.207 0.093 
25.000 0.883 2.912 0.379 3.291 0.009 97 99. m- 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

11-10-2004  
TRACS NO. - 

HIGHWAY NAME- DESIGNER - \?.SIT 
LOCATION - f l L  W R  \ 2 Q 7 + Z 5  L b  CHECKER - NB\4 PAGE 
Ver 3.40:  December 1995  

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 1.292 
Roadway Cross-Slope-Ft./~t.--Sx = 0.020 

Shoulder Width-Ft.-- = 12 .000  
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./Ft.--Sw = 0.037 

Gutter Depression-Inches-- - - 1 .998  
Manning's 'N = 0.016 

Flow-CFS--Q = 2 . 5 0 0 ' 1 ~ ~ ~  
SPREAD-Ft.--T = 8 .210  -1d-wd 

Average Velocity-V-fps = 2 .955  

FLOW in Gutter-CFS--Q = 2 .306  
% Flow in Gutter-CFS = 92.245 

Velocity of Flow in Gutter-fps = 3.255 
Depth at Curb Line-Inches--d = 2 .888  

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.92~ 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7 .350  

Depth at INLET Curb Line-Inches--d = 0 .752  
Local Gutter Depression-Inches = 0.000 - 

Length of opening: TOTAL Intercept--Ft. = 31.525 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S. D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - - - - - - - - - - - -  - - - - - - - 

5.000 0.267 0.668 1 . 3 2 1  1 . 9 8 9  0 .511  79.54- 
1 0  . O O O  0 .497 1 .242  0 .993  2 . 2 3 6  0.264 89.42 

0 .687 1 .718  0 .682 2 . 4 0 1  0 .099 96.02 
0 .837 2 . 0 9 1  0.397 2 .489  0 . 0 1 1  99.55 
0 . 9 4 1  2 .353 0 .147 2 .500  0 .000 100 .00  



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- 
HIGHWAY NAME- 
LOCATION -nwn 1257+25 L+ 
Ver 3.40: December 1995 

TRACS NO 
DESIGNER 
CHECKER 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 1.292 
Roadway Cross-Slope-Ft./~t.--SX = 0.020 

Shoulder Width-Ft.-- = 12.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./Ft.--Sw = 0.037 

Gutter Depression-Inches-- - - 1.998 
Manning's IN = 0.016 

Flow-CFS--Q = 3.600 . S.*Yr 
SPREAD-~t.--T = 9.818 - t o - v  

Average Velocity-V-fps = 3.169 

FLOW in Gutter-CFS--Q = 3.095 
% Flow in Gutter-CFS = 85.970 

Velocity of Flow in Gutter-fps = 3.627 
Depth at Curb Line-Inches--d = 3.274 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATETYPE: ADOT STD.--C15.92/ 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 1.011 
Local Gutter Depression-Inches = 0.000 c, 

Length of opening: TOTAL Intercept--Ft. = 37.417 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio -- GRATE = 0.500 

LENGTH Efficiency Q (S .D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- ~ / V I  
HIGHWAY NAME- 
LOCATION -rv)L M I 3  17 58t-S% L.t 
Ver 3.40: December 1995 

TRACS NO. - 
DESIGNER - 
CHECKER - 

W 513 
A'DV PAGE 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 1.157 
Roadway Cross-Slope-Ft./~t.--SX = 0,020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./~t.--Sw = 0.037 

Gutter Depression-Inches-- - - 1.998 
Manning's IN = 0.016 

Flow-CFS--Q = 1.200 -Wylr 
SPREAD-Ft . - -T = 5.623 ' Q m C 7  

Average Velocity-V-fps = 2.457 

FLOW in Gutter-CFS--Q = 1.192 
% Flow in Gutter-CFS = 99.368 

Velocity of Flow in Gutter-fps = 2.506 
Depth at Curb Line-Inches--d = 2 -268 

SLOTTED DRAIN--ADOT STD.--C13.60 . 
GRATETYPE: AD0TSTD.--C15.92( 

Grate Length--Ft. = 3,350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 3.071 
Local Gutter Depression-Inches = 0. 0 0 d  

Length of opening: TOTAL Intercept--Ft. = 21.962 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S.D.) Q(GRATE) Q (INT.) Q (By-Pass) % CAPT. 
- - - - - - - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - - . . . . - - - - - - - - -  - - - - - - -  
5.000 0.372 0.446 0.658 1.104 0.096 92.03- 
10.000 0.665 0.798 0.390 1.188 0.012 99.01 

0.874 1.048 0.152 1.200 0.000 100.00 
0.987 1.184 0.016 1.200 0.000 100.00 
1.000 1.200 0.000 1.200 0.000 100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- Rr? TFACS NO. - 
HIGHWAY NAME- DESIGNER - RSR 

CHECKER - ' f l ~ ' C /  

03-23-2005. 
LOCATION - H i  Wt3 1258.15% L+- PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 1.157 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft . --W = 4.500 
Gutter Slope-Ft./Ft.--Sw = 0.037 

Gutter Depression-Inches-- - - 1.998 
Manning's IN = 0.016 

Flow-CFS--Q = 1.800 -4-',~c 
SPREAD-Ft.--T = 7.111-8-ax 

Average Velocity-V-fps = 2.656 

FLOW in Gutter-CFS--Q = 1.728 
% Flow in Gutter-CFS = 96.007 

velocity of Flow in Gutter-fps = 2.835 
Depth at Curb Line-Inches--d = 2.625 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATETYPE: ADOT STD.--C15.92 / 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 0.445/ 
Local Gutter Depression-Inches = 0.000 

Length of opening: TOTAL Intercept--Ft. = 26.285 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S .D. ) Q (GRATE) Q (INT. ) Q (BY-pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - -  - - - - - - - - - -  - - - - - - -  
5.000 0.316 0.569 0.971 1.540 0.260 8 5 . ~ 3 ~  
10.000 0.578 1.040 0.663 1.702 0.098 94.57 
15.000 0.782 1.407 0.382 1.789 0.011 
20.000 0.924 1.663 0.137 1.800 0.000 

0.000 25.000 0.996 1.792 0.008 1.800 100. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

11-10-2004 
TRACS NO. - 

HIGHWAY NAME- DESIGNER - ~ S R  
LOCATION - f l L  4 4  \2-59+75 L+ CHECKER - ;VD$ PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 1.119 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 12.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020' 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./Ft.--Sw = 0.037 

Gutter Depression-Inches-- = 1.998 
Manning's 'N = 0.016 

Flow-CFS--Q = 3 .400-\oy~ 
SPREAD-Ft . --T = 9.886 - \ ~ ' - a&  

Average Velocity-V-fps = 2.958 

FLOW in Gutter-CFS--Q = 2.914 
% Flow in Gutter-CFS = 85.696 

Velocity of Flow in Gutter-fps = 3.390 
Depth at Curb Line-Inches--d = 3.291 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.92' 

Grate Length- -Ft.. = 3.350 
Grate Width---Ft, = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 1.746 
Local Gutter Depression-Inches = 0.000 /' 

Length of opening: TOTAL Intercept--Ft. = 35.018 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH ~fficiency ~(s.D.1 Q(GRATE) Q(1NT.) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - -  
5.000 0.242 0.823 1.664 2.488 0.912 73.17 
10.000 0.454 1.544 1.320 2.863 0.537 84.22 

0.635 2.157 0.976 3.133 0.267 92-16" --. 

0.782 2.659 0.648 3.307 0.093 97.27- 
25.000 0.895 3.043 0.350 3.393 0.007 99.79 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- R//\ 
HIGHWAY NAME- 
LOCATION -Mi. L 3 6  \259t7S t!.) 
Ver 3.40: December 1995 

TRACS NO 
DESIGNER 
CHECKER 

R s i? 
PAGE 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDWULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 1.119 
Roadway Cross-Slope-Ft./~t.--Sx = 0.020 

Shoulder Width-Ft.-- = 12.000 
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./~t.--Sw = 0.037 

Gutter Depression-Inches-- - - 1.998 
Manning's IN = 0.016 

Flow-CFS- -Q = 4.700-Sqyr 
SPREAD-Ft.--T = 11.474 -1bw-f 

Average Velocity-V-fps = 3 .I57 

FLOW in Gutter-CFS--Q = 3.731 
% Flow in Gutter-CFS = 79.387 

Velocity of Flow in Gutter-fps = 3.723 
Depth at Curb Line-Inches--d = 3.672 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.92/ 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 1.450 
Local Gutter Depression-Inches = 0.000 

Length of opening: TOTAL Intercept--Ft. = 40.885 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S . D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - -  - - - - -  - - - - - - -  - - - - - - - - - -  - - - - - - -  
5.000 0.209 0.984 2.131 3.114 1.586 66.26 
10.000 0.396 1.863 1.778 3.641 1.059 77.47 
15.000 0.561 2.636 1.425 4.060 0.640 86.39 d -  

20.000 0.702 3.297 1.072 4.369 0.331 
25.000 0.818 3.843 0.725 4.568 0.132 97. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- J7/r) 

HIGHWAY NAME- 
LOCATION - r286-l 51 L 4 
Ver 3.40: December 1995 

TRACS NO. - 
DESIGNER - 
CHECKER - 

Ra f 
/ ~ / Q V  PAGE 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 2.543 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.050 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.050 

Gutter Width-Ft.--W = 2.000 
Gutter Slope-Ft./Ft.--Sw = 0.050 

Gutter Depression-Inches-- = 1.200 
Manning's IN = 0.016 

Flow-CFS--Q = 2.100-10\1? 
SPREAD-Ft.--T = 4 . 5 0 7 ~ \ ~ ' - ~ ~  

Average Velocity-V-fps = 4.134 

FLOW in Gutter-CFS--Q = 1.661 
% Flow in Gutter-CFS = 79.075 

Velocity of Flow in Gutter-fps = 4.734 
Depth at Curb Line-Inches--d = 2.704 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.92 J 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 1.490 
Local Gutter Depression-Inches = 0. O O O ~  

Length of opening: TOTAL Intercept--Ft. = 29.321 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D.) Q(GRATE) Q(1NT.) Q(By-Pass) %CAPT. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- (yn TRACS NO. - 
HIGHWAY NAME - DESIGNER - g a ~  
LOCATION - ul) \186+4t L 4 CHECKER - ,,VPV PAGE 
Ver 3.40: Deccmber 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 2.543 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.050 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.050 

Gutter Width-Ft.--W = 2.000 
Gutter Slope-Ft./Ft.--Sw = 0.050 

Gutter Depression-Inches-- = 1.200 
Manning's 'N = 0.016 

Flow-CFS--Q = 2.800 , 
SPREAD-Ft.--T = 5.021 -10 - ~ p  

Average Velocity-V-fps = 4.443 

FLOW in Gutter-CFS--Q = 2.078 
% Flow in Gutter-CFS = 74.206 

Velocity of Flow in Gutter-fps = 5.167 
Depth at Curb Line-Inches--d = 3.013 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.92 ' 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 0.743 
Local Gutter Depression-Inches = O.OOO-- 

Length of opening: TOTAL Intercept--Ft. = 33.087 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S.D. ) Q(GRATE) Q (INT. ) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - -  - - - - - - - - - -  - - - - - - -  
5.000 0.255 0.715 1.715 2.430 0.370 86.79 

10 .OOO 0.477 1.335 1.286 2.621 0.179 93.60 
15.000 0.663 1.856 0.884 2.739 0.061 97.84 
20.000 0.812 2.273 0.520 2.792 0.008 
25.000 0.921 2.578 0.222 2.800 0.000 100. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

03-23-2005 
TRACS NO. - 

HIGHWAY NAME- DESIGNER - RSP 
I LOCATION -llllkb \29Qi6% L'3- CHECK.ER - /f/Dv PAGE 

Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 2.956 
Roadway Cross-Slope-Ft./Ft.--SX = 0.050 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.050 

Gutter Width-Ft.--W = 2.000 
Gutter Slope-Ft./Ft.--Sw = 0.050 

Gutter Depression-Inches-- - - 1.200 
Manning's IN = 0.016 

Flow-CFS--Q = 3.800 - I O y r  
SPREAD-Ft.--T = 5.474-l~'--..p 

Average Velocity-V-fps = 5.073 

FLOW in Gutter-CFS--Q = 2.670 
% Flow in Gutter-CFS = 70.265 

Velocity of Flow in Gutter-fps = 5.969 
Depth at Curb Line-Inches--d = 3 -284 

SLOTTED DRAIN--ADOT STD.--C13.60 . 

GRATE TYPE : ADOT STD . - -C15.92 
Grate Length--Ft. = 3 -350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 0.345 
Local Gutter Depression-Inches = 0.000 J 

Length of opening: TOTAL Intercept--Ft. = 39.351 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D.1 Q(GRATE) Q(1NT.) Q(By-Pass) %CAPT. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

TRACS NO. - 03-23-2005. PROJECT NAME- Qfl 
HIGHWAY NAME - DESIGNER - 95R 
LOCATION - dL W& 1290 
Ver 3.40 : December 15 

-t 6 % L+ CHECKER - N D V  PAGE 
b95 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G 
Roadway Cross-Slope-Ft./Ft.--Sx 

Shoulder Width-Ft.-- 
Shoulder Slope-Ft./Ft.--Ss 

Gutter Width-Ft.--W 
Gutter Slope-Ft./Ft.--Sw 

Gutter Depression-Inches-- 
Manning!~ IN 

Flow-CFS--Q = 5 . 3 0 0 - 4 0 ~ ~  
SPREAD-Ft.--T = 6.201 - lo l - f i  

Average Velocity-V-fps = 5.514 

FLOW in Gutter-CFS--Q = 3.424 
% Flow in Gutter-CFS = 64.602 

Velocity of Flow in Gutter-fps = 6.583 
Depth at Curb Line-Inches--d = 3.721 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.92- 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 1.662 
Local Gutter Depression-Inches = 0.000 ,' 

Length of opening: TOTAL Intercept--Ft. = 45.253 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q ( S  .D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - -  - - - -  - - - - - - -  - - - - - - - - - -  - - - - - - -  
5.000 0.190 1.007 3.043 4.050 1.250 76.42 
10.000 0.362 1.919 2.536 4 -455 0.845 84.06 
15.000 0.516 2.733 2.047 4.779 0.521 
20.000 0.650 3.445 1.577 5.022 0.278 

1.132 5.186 0.114 25.000 0.765 4.053 97. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

i PROJECT NAME- R f i  Tmcs NO. - 
HIGHWAY NAME- DESIGNER - 
LOCATION - W O  1 3 0 7 4 3 1  L+ CHECKER - 
Ver 3.40: December 1995 

WR 
/c/i>\/ PAGE 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 2.090 
Roadway Cross-Slope-Ft./~t.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./~t.--Sw = 0.067 

Gutter Depression-Inches-- = 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 5.600-k', 
SPREAD-Ft.--T = 10.875-lbdkr 

Average Velocity-V-fps = 4.212 

FLOW in Gutter-CFS--Q = 3.444 
% Flow in Gutter-CFS = 61.499 

Velocity of Flow in Gutter-fps = 5.483 
Depth at Curb Line-Inches--d = 4.020 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: AD0TSTD.--C15.91' 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 4.789 
Local Gutter Depression-Inches = 1.000' 

Length of opening: TOTAL Intercept--Ft. = 31.962 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S .D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - -  - - - - - - - - - -  - - - - - - -  
5.000 0.264 1.477 3.196 4.674 0.926 83.46 
10.000 0.491 2.750 2.497 5.247 0.353 93.69 

0.680 3.810 1.736 5.546 0.054 99.04 
0.830 4.645 0.954 5.600 0.000 100.00 

25.000 0.936 5.240 0.360 5.600 0.000 100.008--' 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- 61''' TRACS NO. - 
HIGHWAY NAME- DESIGNER - Psi7 
LOCATION - f i t  L34 1307t31 L +  CHECKER - h / ~ f  

12-09-2004 0 
PAGE 

Vex 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 2.090 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- - - 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 7 . 8 0 0 ~ 5 o Y c  
SPREAD-Ft.--T = 1 2 . 5 9 9 - 2 2 k * #  

Average Velocity-V-fps = 4.498 

FLOW in Gutter-CFS--Q = 4.248 
% Flow in Gutter-CFS = 54.457 

Velocity of Flow in Gutter-fps = 5 .946  
Depth at Curb Line-Inches--d = 4.434 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.914' 

Grate Length--Ft. = 3 -354  
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5 .171  
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 5.238 
Local Gutter Depression-Inches = 1 . 0 0 0 /  

Length of opening: TOTAL Intercept--Ft. = 38.828 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S . D. ) Q (GRATE) Q (INT. ) Q (BY-pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - -  - - - - - - - - - -  - - - - - - -  

5.000 0.220 1.714 4.045 5.759 2 .041  73.84 
10.000 0.415 3.236 3.407 6.644 1.156 85.18 
15.000 0.585 4.561 2.728 7.289 0 .511  93.45 
20.000 0.728 5.680 1.999 7.679 0 .121  
25.000 0.844 6.584 1 . 2 1 1  7.794 0.006 99. 



APPENDIX D 

CATCH BASIN DESIGN 

McDowell Road Ramps C & D Catch Basin Calculations 



ARIZONA DEPARTMENT OF TMSPORTATION 
DRAINAGE DESIGN SECTION' 

0 3 - 0 7 - 2 0 0 5  
TRACS NO. - 

HI GHWAY NAME - DESIGNER - j ? ~  

LOCATION - f l ~ b  / L m 4  < 5 3 0 0  C - t  CHECKER - ,+JDI/ PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 
Roadway Cross-Slope-Ft./Ft.--Sx = 

Shoulder Width-Ft.-- = 
Shoulder Slope-Ft./Ft.--Ss = 

Gutter Width-Ft.--W = 
Gutter Slope-Ft./~t.--Sw = 

Gutter Depression-Inches-- - - 
Manning's IN = 

Flow-CFS--Q = 2.700 - 10'lc 
SPREAD-Ft.--T = 6.257 - 0'-+ 

Average velocity-V-fps = 4.790 

FLOW in Gutter-CFS--Q = 2.653 
% Flow in Gutter-CFS = 98.257 

Velocity of Flow in Gutter-fps = 4.980 
Depth at Curb Line-Inches--d = 2.420 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.92 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 0.000 
Local Gutter Depression-Inches = 0.000 

Length of opening: TOTAL Intercept--Ft. = 45.268 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S .D .  ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - - -  A * - - - - -  

5.000 0.190 0.513 1.664 2.177 0.523 80.64 
10.000 0.362 0.977 1.382 2.359 0.341 87.37- 

0.515 1.392 1.115 2.507 0.193 92.85 
0.650 1.755 0.861 2.615 0.085 96.86 

25.000 0.765 2.064 0.615 2.679 0.021 99.22 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

03-07-2005 
TRACS NO. - 

HIGHWAY NAME- DESIGNER - 
LOCATION - r b  \ b * - h  6 5-t c ; ~  3 CHECKER - /VDv PAGE 
Vex 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 
Roadway Cross-Slope-Ft./~t.--Sx = 

Shoulder Width-Ft.-- = 

Shoulder Slope-Ft./Ft.--Ss = 

Gutter Width-Ft.--W = 
Gutter Slope-Ft./~t.--Sw = 

Gutter Depression-Inches--. = 
Manning's 'N = 

Flow-CFS--Q = 3.800 - 5 0 ~ ~  

SPREAD-Ft.--T = 7.562 -a1v*s~./ 
Average Velocity-V-fps = 5.108 

FLOW in Gutter-CFS--Q = 3.594 
% Flow in Gutter-CFS = 94.566 

Velocity of Flow in Gutter-fps = 5.527 
Depth at Curb Line-Inches--d = 2.733 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.92 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 1.411 
Local Gutter Depression-Inches = 0.000 

Length of opening: TOTAL Intercept--Ft. = 52.798 
Capture Ratio - -  SLOTTED DRAIN = -  0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D.) Q(GRATE) Q(1NT.) Q(By-Pass) % CAPT. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

03-07-2005 
PROJECT NAME- TRACS NO. - 
HIGHWAY NAME- DESIGNER - 1 7 s ~  
LOCATION - llloD R-A / 8-Cci0 LT CHECKER - NDV PAGE 
Ver 3.40 : December 1F95 

SLOTTED DRAIN W/ GIIATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 
Roadway Cross-Slope-Ft./Ft.--Sx = 

- Shoulder Width-Ft.-- - 
Shoulder Slope-Ft./~t.--Ss = 

Gutter Width-Ft.--W = 
Gutter Slope-Ft./Ft.--Sw = 

Gutter Depression-Inches-- - - 
Manning's 'N = 

Flow-CFS--Q = 2.200-"q ' 
SPREAD-Ft.--T = 6.156-%~'.-* 

Average Velocity-V-fps = 3.992 

FLOW in Gutter-CFS--Q = 2.166 
% Flow in Gutter-CFS = 98.470 

Velocity of Flow in Gutter-fps = 4.137 
Depth at Curb Line-Inches--d = 2.395 

SLOTTED DIIAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.92/ 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2 -000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 1.789 
Local Gutter Depression-Inches = 0.000 

Length of opening: TOTAL Intercept--Ft. = 37.331 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D.) Q(GRATE) Q(1NT.) Q(By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - - - - - - - - -  - - - - - - - - - -  - - - - - - -  
5.000 0.228 0.502 1.328 1.830 0.370 83.17 
10.000 0.430 0.945 1.047 0.208 90.56 1.992 

0.603 1.328 0.787 2.115 0.085 96.13 
0.749 1.647 0.535 2.183 0.017 99.21 

25.000 0.864 1.900 0.299 2.200 0.000 99.994- 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

0 3 - 0 7 - 2 0 0 5  @ PROJECT NAME- Rm T M C S  NO. - 
HIGHWAY NAME- DESIGNER - 2 5 ~  
LOCAT I ON - a 0 Re, C ~ 4 9 0  A t  CHECKER - njn!/ PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 2.878 
Roadway Cross-Slope-Ft./~t.--Sx = 0.020 

Shoulder Width-Ft.-- = 8.000 
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft . --W = 4.500 
Gutter Slope-Ft./Ft.--Sw = 0.037 

Gutter Depression-Inches-- - - 1.998 
Manning's IN = 0.016 

Flow-CFS--Q = 3.200 -4Oy-4 

SPREAD-Ft . --T = 7.582 -%--*p 
Average Velocity-V-fps = 4.284 

FLOW in Gutter-CFS--Q = 3.024 
% Flow in Gutter-CFS = 94.486 

Velocity of Flow in Gutter-fps = 4.637 
Depth at Curb Line-Inches--d = 2.738 

SLOTTED DFWIN--ADOT STD.--C13.60 
GRATETYPE: aDOT STD.--C15.92 

Grate Length--Ft. 
Grate Width---Ft. 

Grate Area--Sq. Ft. 
Splash-Over Velocity--FPS 

Depth at INLET Curb Line-Inches--d 
Local Gutter Depression-Inches 

Length of opening: TOTAL Intercept--Ft. 
Capture Ratio - -  SLOTTED DRAIN 

Capture Ratio - -  GRATE 

LENGTH Efficiency Q(S.D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 
- - - - - -  - - - - m e # - - e  - - - - - - - ------- . . -  - - - - - - -  - - - - - - - - - -  - - - - - - - 
5.000 0.194 0.622 1.818 2 -440 0.760 76.24 
10.000 0.370 1.184 1.515 2.699 0.501 84.33 

0.526 1.683 1.215 2.898 0.302 90.57 
0.662 2.119 0.933 3.052 0.148 95.37 
0.777 2.487 0.667 3.154 0.046 98.57 4- 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

HIGHWAY NAME- 
LOCAT ION ~ c - w \ f i  L 1 \ 4 8 0 L . t  
Ver 3.40 : December 199'5 

TRACS NO 
DESIGNER 
CHECKER 

?S/7 
Nb\/ PAGE 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 1.013 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 8.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- = 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 1.600 ' l o  7 '  
SPREAD-Ft.--T = 6.969 ,- b'--p 

Average Velocity-V-fps = 2.529 

FLOW in Gutter-CFS--Q = 1.318 
% Flow in Gutter-CFS = 82.386 

Velocity of Flow in Gutter-fps = 3.045 
Depth at Curb Line-Inches--d = 3.083 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 3.705 
Local Gutter Depression-Inches = 1.000 

Length of opening: TOTAL Intercept--Ft. = 13.427 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S .D. ) Q (GRATE) Q (INT.) Q (By-Pass) 8 CAPT. 
- - - - - -  - d m - - - - - - -  - - - - - - -  - - - - - - - - - - - - - - -  - - - - - - - - - -  - - - - - - -  
5.000 0.568 0.908 0.692 1.600 0.000 99.99 
10.000 0.914 1.463 0.137 1.600 0.000 lOO.OOe-- 

1.000 1.600 0 . 000 1.600 0.000 100.00 
1.000 1.600 0.000 1.600 0.000 100.00 
1.000 1.600, 0.000 1.600 0.000 100 .OO 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- P d  
HIGHWAY NAME - 
LOCATION - &wwp C \l+.BOL+ 

TRACS NO 
DESIGNER 
CHECKER 

P C Z  
h/D\! PAGE 

Ver 3 .40 :  ~ecember 199'5 

SLOTTED DRAIN W/ GMTE--ON GRADE 

GUTTER FLOW HYDWULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 1 .013  
Roadway Cross-Slope-Ft./Ft.--Sx = 0 .020  

Shoulder Width-Ft.-- = 8.000 
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- - - 2 .010  
Manning's 'N = 0 .016  

Flow-CFS--Q = 2 . 3 0 0 - 5 U ~ r  
SPREAD-Ft.--T = 8.452 - Q'--O-r 

Average Velocity-V-fps = 2 .670  spl-9 Q opslte*--= 

en% ,G .; t,w;&2 B rQ.;.rj 
FLOW in Gutter-CFS--Q = . 1 . 696  

% Flow in Gutter-CFS = 73.743 O k d  
Velocity of Flow in Gutter-fps = 3.345 
Depth at Curb Line-Inches--d = 3  - 4 3 9  

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91 

Grate Length--Ft. = 3 .354  
Grate Width---Ft. = 2 .000  

Grate Area--Sq. Ft. = 5 . 1 7 1  
Splash-Over Velocity--FPS = 7 .354  

Depth at INLET Curb Line-Inches--d = 4 .132  
Local Gutter Depression-Inches = 1 .000  

Length of opening:. TOTAL Intercept--Ft. = 16 .326  
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S .D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 
- - - - - -  --...------- - - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - - -  - - . - . - - - -  

5 .000 0 .482  1 .109  1 .170  2 .279  0 . 0 2 1  99.09 
10 .000  0 .819  1 .883  0  - 4 1 7  2 .300  0.000 100 .  o o e  

0 .989 2 .275 0 .025 2 .300  0.000 100.00 
1 . 0 0 0  2 .300  0 .000 2 .300  0 .000  100 .00  

25 .000  1 . 0 0 0  2 .300  0 .000  2 . 3 0 0  0 .000 100 .00  



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

09-24-2004  
TRACS NO. - 

HIGHWAY NAME- DESIGNER - 17 517 
LOCATION - f l ~  (3 i2i~u-b L 12-177 CHECKER - AID\ /  PAGE 
Ver 3.40: December 1995 ' 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.389 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 5.500 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft,/Ft.--Sw = 0.067 

Gutter Depression-Inches-- = 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 0.500 -lo./ 
SPREAD-Ft.--T = 4.458 - .<'.''-.-r 

Average Velocity-V-fps = 1.447 

FLOW in Gutter-CFS--Q = 0.481 
% Flow in Gutter-CFS = 96.152 

Velocity of Flow in Gutter-fps = 1.565 . . 
Depth at Curb Line-Inches--d = 2.480- 6 ,,, 

GRATE TYPE: ADOT STD.--C15.91 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Capture Ratio - -  GRATE = 0.500 

Effective Perimeter- -Ft . = 7.354 
Splash-Over Velocity--FPS = 7.354 

Local Gutter Depression-Inches = 1.000 - 
Flow-CFS--Q = 0.500 

GUTTER FLOW at INLET-CFS--Q = 0.500 
Gutter Velocity at INLET-fps = 1.700 

Depth at INLET Curb Line-Inches--d = 2.915 

Frontal Flow- Intercepted by GRATE--CFS = 0.495 
Lateral Flow Intercepted by GRATE--CFS = 0.004 
TOTAL Flow Intercepted by GRATE--CFS = 0.500 

% FLOW Intercepted = 99.909 
By-pass Flow--CFS = O.OOOC 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

0 9 - 2 4 - 2 0 0 4  
TRACS NO. - 

HIGHWAY NAME- DESIGNER - 
LOCATION . - 4  P-6-, d ,2477 CHECKER - /voV PAGE 
Ver 3.40: December 1995 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 
Roadway Cross-Slope-Ft./~t.--Sx = 

Shoulder Width-Ft.-- = 
Shoulder Slope-Ft./~t.--Ss = 

Gutter Width-Ft.--W = 
Gutter Slope-Ft./~t.--Sw = 

Gutter Depression-Inches-- = 
Manning's 'N = 

Flow-CFS--Q = 
SPREAD-Ft.--T = 

Average Velocity-V-fps = 

FLOW in Gutter-CFS--Q = 
% Flow in Gutter-CFS = 

Velocity of Flow in Gutter-fps = 
Depth at Curb Line-Inches--d = 

GRATE TYPE: ADOT STD.--C15.91 

Grate Length--Ft. = 
Grate Width---Ft. = 

Grate Area--Sq. Ft. = 
Capture Ratio - -  GRATE = 

Effective Perimeter--Ft. = 
Splash-Over Velocity--FPS = 

Local Gutter Depression-Inches = 

Flow-CFS--Q = 
GUTTER FLOW at INLET-CFS--Q = 
Gutter Velocity at INLET-fps = 

Depth at INLET Curb Line-Inches--d = 

Frontal Flow Intercepted by GRATE--CFS = 
Lateral Flow Intercepted by GRATE--CFS = 
TOTAL Flow Intercepted by GRATE--CFS = 

8 FLOW Intercepted = 
By-pass Flow--CFS = 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

04-22-2005 
PROJECT NAME- Rbl TRACS NO. - 
HIGHWAY NAME- DESIGNER - RsR 
LOCATION -h&D &? C- 13+ 3'?,L(q CHECKER - , j , lp~  PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--IN SUMP 

GUTTER FLOW HYDRAULICS 

GUTTER DESCRIPTION 

Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 
Shoulder Width-Ft.-- = 10.000 

Shoulder Slope-Ft./Ft.--Ss = 0.020 
Gutter Width-Ft . --W = 2.500 

Gutter Slope-Ft./Ft.--Sw = 0.067 
Gutter Depression-Inches-- - - 2.010 

GRATE TYPE: ADOT STD.--C15.91 
Grate Length--Ft. = 3 -354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Effective Perimeter--Ft. = 7.354 

Capture Ratio - -  GRATE = 0.500 
Capture Ratio - -  SLOTTED DRAIN = 0.500 

Local Gutter Depression-Inches = 1.000 

LENGTH Q(S1ot. Dn) Q (Grate) d (inches) SPREAD, Ft . 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - - - -  - - - - - - - - - -  
5.000 0.669 0.430 1.861 2.315 +dc*?aX 

10.000 1.000 0.100 1.355 1.685 
15.000 1.031 0.069 0.834 1.038 
20.000 1.047 0.053 0.530 0.660 
25.000 1.058 0.042 0.327 0 -407 i 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

04-22-2005 

PROJECT NAME- RM TRACS NO. - 
HIGHWAY NAME- DESIGNER - esn 
LOCATION - M L D  (&WID 13+3'#,+1 CHECKER - , V Q ~  PAGE 
Ver 3.40: December 19'95 

SLOTTED DRAIN W/ GRATE--IN SUMP 

GUTTER FLOW HYDRAULICS 

GUTTER DESCRIPTION 

Roadway Cross-Slope-Ft./~t.--Sx = 0.020 
Shoulder Width-Ft.-- = 10.000 

Shoulder Slope-Ft./Ft.--Ss = 0.020 
Gutter Width-Ft.--W = 2.500 

Gutter Slope-Ft./Ft.--Sw = 0.067 
Gutter Depression-Inches-- = 2.010 

GRATE TYPE: ADOT STD.--C15.91 
Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Effective Perimeter--Ft. = 7.354 

Capture Ratio - -  GRATE = 0.500 
Capture Ratio - -  SLOTTED DRAIN = 0.500 

Local Gutter Depression-Inches = 1.000 /- 

LENGTH Q(S1ot. Dn) Q (Grate) d (inches) SPREAD,Ft. 
- - - - - -  - - - - - - - - - -  - - - - - - - -  - - - - - - - - -  - - - - - - - - - -  
5.000 0.915 0.723 2.525 4.646 t - 8 ' ~ - 4  

10.000 1.254 0.386 1.739 2.162 
15.000 1.537 0.103 1.394 1.734 
20.000 1.562 0.078 0.997 1.240 
25.000 1.577 0.063 0.732 0.911 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

09-24-2004  
PROJECT NAME- kf l  TRACS NO.- - 

HIGHWAY NAME- DESIGNER - R f j q  
LOCATION - A- O Raws (, 13 +4$ CHECKER - PAGE 
Ver 3.40: December 1995 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 
Roadway Cross-Slope-Ft./Ft.--Sx = 

Shoulder Width-Ft.-- = 
Shoulder Slope-Ft./~t.--Ss = 

Gutter Width-Ft.--W = 
Gutter Slope-Ft. /Ft. --Sw = 

Gutter Depression-Inches-- = 
Manning's IN = 

Flow-CFS--Q = 0.800- t 0 y t  
SPREAD-Ft . - -T = 6.148-8' ,L+ 

Average Velocity-V-fps = 1.524 

FLOW in Gutter-CFS--Q = 0.698 
% Flow in Gutter-CFS = 87.297 

Velocity of Flow in Gutter-fps = 1.783 
Depth at Curb Line-Inches--d = 2 -886 - b"w-.p 

GRATE TYPE: ADOT STD.--C15.91 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Capture Ratio - -  GRATE = 0.500 

Effective Perimeter--Ft. = 7.354 
Splash-Over Velocity--FPS = 7.354 

Local Gutter Depression-Inches = 1.000" 

Flow-CFS--Q = 0.800 
GUTTER FLOW at INLET-CFS--Q = 0.783 
Gutter Velocity at INLET-fps = 1.928 

Depth at INLET Curb Line-Inches--d = 3.455 

Frontal Flow Intercepted by GRATE--CFS = 0.754 
Lateral Flow Intercepted by GRATE--CFS = 0.034 
TOTAL Flow Intercepted by GRATE--CFS = 0.788 

% FLOW Intercepted = 98.554 
By-pass Flow--CFS = 0.012- 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

HIGHWAY NAME- 
LOCATION - R 6 - 4  [ 13+7$ 
Ver 3 . 4 0 :  December 1995 

TRACS NO. - 
DESIGNER - 
CHECKER - 

RGR 
AJ ll \[ PAGE 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.389 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 5.500 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./~t.--Sw = 0.067 

Gutter Depression-Inches-- - - 2.010 
Manning's 'N = 0.016 

Flow-CFS- -Q = 1.200-  5,') Y r  
SPREAD-Ft.--T = 7 . 7 3 1  - ' b . / . m ~  

Average Velocity-V-fps = 1.612 

FLOW in Gutter-CFS--Q = 0.934 
% Flow in Gutter-CFS = 7 7 . 8 5 1  

Velocity of Flow in Gutter-fps = 1 .984  
Depth at Curb Line-Inches--d = 3 .266  

GRATE TYPE: ADOT STD.--C15.91 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2 .000  

Grate Area--Sq. Ft. = 5 . 1 7 1  
Capture Ratio - -  GRATE = 0.500 

Effective Perimeter--Ft. = 7.354 
Splash-Over Velocity--FPS = 7.354 

Local Gutter Depression-Inches = 1 . 0 0 0 ~  

Flow-CFS--Q = 1 . 2 0 0  
GUTTER FLOW at INLET-CFS--Q = 1.085 
Gutter Velocity at INLET-fps = 2.149 

Depth at INLET Curb Line-Inches--d = 3 .929  

Frontal Flow Intercepted by GRATE--CFS = 1 .020  
Lateral Flow Intercepted by GRATE--CFS = 0 . 1 0 1  
TOTAL Flow Intercepted by GRATE--CFS = 1 .120  

% FLOW Intercepted = 93 - 3 5 9  
By-pass Flow--CFS = 0.0804- 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

09-24-2004 @ PROJECT NAME - R f l  TRACS NO. - 
HIGHWAY NAME- DESIGNER - \?SR 
LOCATION - flL\> \&-D C \ Y  t 5 0  CHECKER - /\/W PAGE 
Ver 3.40: December 1995 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.402 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 5.500 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft . --W = 2.500 
Gutter Slope-Ft./~t.--Sw = 0.067 

Gutter Depression-Inches-- = 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 1.000- \ o y ~  
SPREAD-Ft . - -T = 6.938 - 8"'--by 

Average Velocity-V-fps = 1.592 

FLOW in Gutter-CFS--Q = 0.826 
% Flow in Gutter-CFS = 82.573 

Velocity of Flow in Gutter-fps = 1.915 I )  

Depth at Curb Line-Inches--d = 3.075 -6 

GRATE TYPE: ADOT STD.--C15.91 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Capture Ratio - -  GRATE = 0.500 

Effective Perimeter--Ft. = 7.354 
Splash-Over Velocity--FPS = 7.354 

Local Gutter Depression-Inches = 1.000 

Flow-CFS--Q = - 1.000 
GUTTER FLOW at INLET-CFS--Q = 0.946 
Gutter Velocity at INLET-fps = 2.073 

Depth at INLET Curb Line-Inches--d = 3.696 

Frontal Flow Intercepted by GRATE--CFS = 0.899 
Lateral Flow Intercepted by GRATE--CFS = 0.065 
TOTAL Flow Intercepted by GRATE--CFS = 0.964 

% FLOW Intercepted = 96.390 
By-pass Flow--CFS = 0.036 ? 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

09-24-2004 
TRACS NO. - 

HIGHWAY NAME- DESIGNER - R ~ I ?  
LOCATION - IY)LO iC-(t-p / IL)+S3 CHECKER - /VDV PAGE 
Ver 3.40: December 19g5 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.402 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 5.500 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- - - 2.010 
Manning's 'N = 0.016 

Flow-CFS--Q = 1.5OOb- ? 'ye  
SPREAD-Ft.--T = 8.601 

Average Velocity-V-fps = 1.692 

FLOW in Gutter-CFS--Q = 1.094 
% Flow in Gutter-CFS = 72.915 

Velocity of Flow in Gutter-fps = 2.126 
Depth at Curb Line-Inches--d = 3.474 

GRATE TYPE: ADOT STD.--C15.91 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Capture Ratio - -  GRATE = 0.500 

Effective Perimeter--Ft. = 7.354 
Splash-Over Velocity--FPS = 7.354 

Local Gutter Depression-Inches = 1.000 

Flow-CFS--Q = 1.500 
GUTTER FLOW at INLET-CFS--Q = 1.279 
Gutter Velocity at INLET-fps = 2.301 

Depth at INLET Curb Line-Inches--d = 4.174 

Frontal Flow Intercepted by GRATE--CFS = 1.190 
Lateral Flow Intercepted by GRATE--CFS = 0.144 
TOTAL Flow Intercepted by GRATE--CFS = 1.334 

% FLOW Intercepted = 88.949 
By-pass Flow--CFS = 0.166 - 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

09-24-20U4 
, PROJECT NAME- RM TRACS NO. - 
HIGHWAY NAME- DESIGNER - RSR 

- - AJDV PAGE 
- 

-- 

LOCATION - IS R~cmhL f Y + l A  CHECKER 
Ver 3.40 : December 1995 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0 .402  
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 5 .500  
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- = 2 .010  
Manning's @N = 0 . 0 1 6  

Flow-CFS--Q = 1 . 1 0 0  loy. 

SPREAD-Ft.--T = 7.314 ."8' - *x  

Average Velocity-V-fps = 1 .613  

FLOW in Gutter-CFS--Q = 0.884 
% Flow in Gutter-CFS = 80  - 3 2 0  

Velocity of Flow in Gutter-fps = 1.963 ,! 
Depth at Curb Line-Inches--d = 3  - 1 6 5  - 6  --as 

GRATE TYPE: ADOT STD.--C15.91 

Grate Length--Ft. = 3 .354  
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5 . 1 7 1  
Capture Ratio - -  GRATE = 0 .500  

Effective Perimeter--Ft. = 7 .354  
Splash-Over Velocity--FPS = 7 .354  

Local Gutter Depression-Inches = 1 .000  1 

Flow-CFS--Q = 1 .100  
GUTTER FLOW at INLET-CFS--Q = 1.019 
Gutter Velocity at INLET-fps = 2.126 

Depth at INLET Curb Line-Inches--d = 3.807 

Frontal Flow Intercepted by GRATE--CFS = 0.964 
Lateral Flow Intercepted by GRATE--CFS = 0 . 0 8 1  
TOTAL Flow Intercepted by GRATE--CFS = 1 . 0 4 5  

% FLOW Intercepted = 94 .989  
By-pass Flow--CFS = 0 .055  4--- 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.402 
Roadway Cross-Slope-Ft./Ft.--Sx = 0 - 0 2 0  

Shoulder Width-Ft.-- = 5.500 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- = 2 .010  
Manning's 'N = 0.016 

Flow-CFS--Q = 1 . 6 0 0 - 4 u ~ r  
SPREAD-Ft.--T = 8 .881  d'--fi 

Average Velocity-V-fps = 

FLOW in Gutter-CFS--Q = I.142 bcb;% 
% Flow in Gutter-CFS = 71.377 

Velocity of Flow in Gutter-fps = 2 . 1 6 1  
Depth at Curb Line-Inches--d = 3 . 5 4 1  

GRATE TYPE: ADOT STD.--C15.91 

Grate Length--Ft. = 3 .354  
Grate Width---Ft. = 2 .000  

Grate Area--Sq. Ft. = 5 . 1 7 1  
Capture Ratio - -  GRATE = 0.500 

Effective Perimeter--Ft. = 7.354 
Splash-Over Velocity--FPS = 7.354 

Local Gutter Depression-Inches = 1.000 

Flow-CFS--Q = 1.600 
GUTTER FLOW at INLET-CFS--Q = 1 .338  
Gutter Velocity at INLET-fps = 2 .338  

Depth at INLET Curb Line-Inches--d = 4 . 2 5 1  

Frontal Flow Intercepted by GRATE--CFS = 1 . 2 4 0  
Lateral Flow Intercepted by GRATE--CFS = 0 .159  
TOTAL Flow Intercepted by GRATE--CFS = 1 . 3 9 9  

% FLOW Intercepted = 87.456 
By-pass Flow--CFS = 0 . 2 0 1  * 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

HIGHWAY NAME- DESIGNER - RsR 
LOCAT I ON - M & D  I3 Yf-30 Lt  CHECKER - , v ~ v  PAGE 
Ver 3.40: December 1955 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 2.242 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.018 

Shoulder Width-Ft.-- = 5.500 
Shoulder Slope-Ft./~t.--Ss = 0.018 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./Ft.--Sw = 0.037 

Gutter Depression-Inches-- - - 1.998 
Manning's IN = 0.016 

Flow-CFS--Q = 1.700 - 'orT 
SPREAD-Ft.--T = 5.812 - r w ' ~ - r  

Average Velocity-V-fps = 3.425 

FLOW in Gutter-CFS--Q = 1.687 
% Flow in Gutter-CFS = 99.211 

Velocity of Flow in Gutter-fps = 3.507 
Depth at Curb Line-Inches--d = 2 -281 

SLOTTED DRAIN--ADOT STD.--Cl3.60 
GRATE TYPE: ADOT STD.--Cl5.92 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590' 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 0.576 
Local Gutter Depression-Inches = 0.000 

Length of opening: TOTAL Intercept--Ft. = 31.027 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S.D.) Q(GRATE) Q(1NT.) Q(By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - - - - - - - - - - - -  - - - - - - - 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

04-22-2005 
PROJECT NAME- RM TRACS NO. - 
HIGHWAY NAME- DESIGNER - 
LOCAT I ON -ICILD &,m0 D 4t20 L& CHECKER - A / ~ V  PAGE 
Ver 3.40: December 19g5 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 2 -242 
Roadway Cross-Slope-Ft./~t.--Sx = 0.018 

Shoulder Width-Ft.-- = 5.500 
Shoulder Slope-Ft./~t.--Ss = 0.018 

Gutter Width-Ft . --W = 4.500 
Gutter Slope-Ft./Ft.--Sw = 0.037 

Gutter Depression-Inches-- = 1.998 
Manning1 s IN = 0.016 

Flow-CFS--Q = 2 -400 -50 Y F  
SPREAD-Ft.--T = 7.199 -IO'&.+~~-.K 

Average Velocity-V-fps = 3 -643 

FLOW in Gutter-CFS--Q = 2.308 
% Flow in Gutter-CFS = 96.170 

Velocity of Flow in Gutter-fps = 3.891 
Depth at Curb Line-Inches--d = 2.581 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.92 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 1.137 
Local Gutter Depression-Inches = 0.000 

Length of opening: TOTAL Intercept--Ft. = 36.204 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S . D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - -  - - - - - - - - - -  - - - - - - -  
5.000 0.235 0.563 1.381 1.945 0.455 81.02 
10.000 0.441 1.059 1.083 2.141 0.259 89.23 

0.618 1.484 0.804 2.288 0.112 95.32 
0.765 1.835 0.540 2.375 0.025 98.976 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

09-24-2004 

PROJECT NAME- R/r) TRACS NO. - 
HIGHWAY NAME- DESIGNER - R S R  
LOCATION - f l c i )  RL-RD \o+ 8 5  C r CHECKER - d?V PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 1.175 " 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 -- 

Shoulder Width-Ft.-- = 5.500 
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./Ft.--Sw = 0.037 

Gutter Depression-Inches-- = 1.998 
Manning's IN = 0.016 

Flow-CFS--Q = 2.100 - j o y r  
SPREAD-Ft.--T = 7.632 -\o'--x 

Average Velocity-V-fps = 2.755 

FLOW in Gutter-CFS--Q = 1.978 
% Flow in Gutter-CFS = 94.211 

Velocity of Flow in Gutter-fps = 2.988 J, 
Depth at Curb Line-Inches--d = 2.765 - 6  fl*F 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.92 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 1.909 
Local Gutter Depression-Inches = O.OOO/ 

Length of opening: TOTAL Intercept--Ft. = 28.305 
Capture Ratio - -  SLOTTED DRAIN = .O. 670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D.) Q(GRATE) Q(1NT.) Q(By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - - - - - - - - - -  - - - - - - - - - - - - - - - - -  - - - - - - -  
5.000 0.295 0.620 1.120 1.739 0.361 82.83 
10.000 0.544 1.142 0.796 1.938 0.162 92.27 

0.743 1.560 0.504 2.064 0.036 98.30 
0.890 1.869 0.231 2.100 0.000 99.98 - 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

09-24-2004 
PROJECT NAME-JW TRACS NO. - 
HIGHWAY NAME- DESIGNER - RSR 
LOCATION - MkD Ro-mn O L O t % 5  L r  CHECKER - /Vbu PAGE 
Ver 3.40 : December 199% 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 1.175 
Roadway Cross-Slope-Ft./~t.--Sx = 0.020 

Shoulder Width-Ft.-- = 5.500 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./Ft.--Sw = 0.037 

Gutter Depressiou-Inches-- = 1.998 
Manning's IN = 0.016 

Flow-CFS--Q = 3.000 - G 3 r C  
SPREAD-Ft.--T = 9.122 - \$'maf 

Average Velocity-V-fps = 2.951 

FLOW in Gutter-CFS--Q = 2 . 6 5 8  
% Flow in Gutter-CFS = 88.586 

Velocity of Flow in Gutter-fps = 3.327 
Depth at Curb Line-Inches--d = 3.129 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.92 

Grate Length--Ft. = 3 -350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 1.220 
Local Gutter Depression-Inches = O.OOO'/ 

Length of opening: TOTAL Intercept--Ft. = 33.401 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

I Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S .D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - - - - - - - - - - - -  - - - - - - -  
5.000 0.253 0.759 1.516 2.276 0.724 75.86 
10.000 0.473 1.419 1.177 2.595 0.405 86.52 

0.658 1.974 0.841 2.815 0.185 93.84 
0.807 2 -420 0.535 2.955 0.045 9 8 . 5 0 d  



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

@PROJECT NAME- R*\ 
HIGHWAY NAME- 

- 

LOCATION - A b  3 bm 'n D 12-1 8- 
Ver 3.40: December 199b 

TRACS NO 
DESIGNER 
CHECKER 

1-45 R 
~ J D  11 PAGE 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0 -451 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 5.500 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./Ft.--Sw = 0.037 

Gutter Depression-Inches-- - - 1.998 
Manning's 'N = 0.016 

Flow-CFS--Q = 0.600-\OrC 
SPREAD-Ft.--T = 4.877 - \ot-,+ 

Average Velocity-V-fps = 1.464 

FLOW in Gutter-CFS--Q = 0.600 
% Flow in Gutter-CFS = 99.963 

Velocity of Flow in Gutter-fps = 1.468 
#/ 

Depth at Curb Line-Inches--d = 2.088 -6 ,,, 
GRATE TYPE: ADOT STD.--C15.92 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Capture.Ratio - -  GRATE = 0.500 

Effective Perimeter--Ft. = . 7.350 
Splash-Over Velocity--FPS = 7.350 

Local Gutter Depression-Inches = 0.000 ./ 

Flow-CFS--Q = 0.600 
GUTTER FLOW at INLET-CFS--Q = 0.600 
Gutter Velocity at INLET-fps = 1.468 

Depth at INLET Curb Line-Inches--d = 2.088 

Frontal Flow Intercepted by GRATE--CFS = 0.463 
Lateral Flow Intercepted by GRATE--CFS = 0.061 
TOTAL Flow Intercepted by GRATE--CFS = 0.524 

% FLOW Intercepted = 87.264 
By-pass Flow--CFS = 0.076 t- 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

- 

HIGHWAY NAME- DESIGNER - 
LOCAT I ON -b'l~b R&-A ' 

09-24-2004 
TRACS NO. - 

-- R 5 R  
0 )I+ &2 CHECKER - /C/DI/ PAGE 

Ver 3 . 4 0 :  December 19'95 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDMULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G 
Roadway Cross-Slope-Ft./Ft.--Sx 

Shoulder Width-Ft.-- 
Shoulder Slope-Ft./Ft.--Ss 

Gutter Width-Ft.--W 
Gutter Slope-Ft./Ft.--Sw 

Gutter Depression-Inches-- 
Manning's IN 

Flow-CFS--Q 
SPREAD-Ft.--T 

Average Velocity-V-fps 

FLOW in Gutter-CFS--Q 
% Flow in Gutter-CFS 

Velocity of Flow in Gutter-fps 
Depth at Curb Line-Inches--d 

GRATE TYPE: ADOT STD.--C15.92 

Grate Length--Ft. 
Grate Width---Ft. 

Grate Area--Sq. Ft . 
Capture Ratio - -  GRATE 

Effective Perimeter--Ft. 
Splash-Over Velocity--FPS 

Local Gutter Depression-Inches 

Flow-CFS--Q 
GUTTER FLOW at INLET-CFS--Q 
Gutter Velocity at INLET-fps 

Depth at INLET Curb Line-Inches--d 

Frontal Flow Intercepted by GRATE--CFS 
,Lateral Flow Intercepted by GRATE--CFS 

TOTAL Flow Intercepted by GRATE--CFS 

% FLOW Intercepted 
By-pass Flow--CFS 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- XM 
HIGHWAY NAME- 
LOCATION - N c D  & ~ M D  D 13 4 57 .@I 
Ver 3.40: December 1995 

TRACS NO. 
DESIGNER 
CHECKER PAGE 

SLOTTED DRAIN W/ GRATE--IN SUMP 

GUTTER FLOW HYDRAULICS 

GUTTER DESCRIPTION 

Roadway Cross-Slope-Ft./Ft.--SX = 0.020 
Shoulder Width-Ft.-- = 10.000 

Shoulder Slope-Ft./Ft.--Ss = 0.020 
Gutter Width-Ft.--W = 4.500 

Gutter Slope-Ft./Ft.--Sw = 0.037 
Gutter Depression-Inches-- = 1.998 

GRATE TYPE: ADOT STD.--Cl5.92 
Grate Length--Ft. = 3 -350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Effective Perimeter--Ft. = 7.350 

Capture Ratio - -  GRATE = 0.500 
Capture Ratio - -  SLOTTED DRAIN = 0.500 

Local Gutter Depression-Inches = 0.000 

LENGTH Q(S1ot. Dn) Q (Grate) d (inches) SPREAD, Ft . 
- - - - - -  - - - - - - - - - -  - -  - - - - - -  - - - - - - - - - - - - - d m - - - -  

5.000 0.302 0.297 1.681 3 .7 8 7 "-fo'-y 
10.000 0.427 0.173 1.337 3.010 
15.000 0.489 0.111 1.116 2.513 
20.000 0.524 0.078 0.964 2.172 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- W 
HIGHWAY NAME- 
LOCATION - C- I&,,.,~D n ~ t s r , o ~  
Ver 3.40: December 1995 

TRACS NO 
DESIGNER 
CHECKER 

RsR 
MD\/ PAGE 

SLOTTED DRAIN W/ GRATE--IN SUMP 

GUTTER FLOW HYDF3iULICS 

GUTTER DESCRIPTION 

Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 
Shoulder Width-Ft.-- = 10.000 

Shoulder Slope-Ft./Ft.--Ss = 0.020 
Gutter Width-Ft.--W = 4.500 

Gutter Slope-Ft./Ft.--Sw = 0.037 
Gutter Depression-Inches-- - - 1.998 

GRATE TYPE: ADOT STD.--C15.92 
Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Effective Perimeter--Ft. = 7.350 

Capture Ratio - -  GRATE = 0.500 
Capture Ratio - -  SLOTTED DRAIN = 0.500 

Local Gutter Depression-Inches = 0.000 

LENGTH Q(S1ot. Dn)  Q(Grate) d (inches) SPREAD, Ft . 
- - - - - -  - - - - - - - - - -  - - - - - - - - - - - - - - - - -  - - - - - - - - - -  
5.000 0.498 0.603 2.349 5 -96 1 ~--lL'.-y?-z: 
10.000 0.717 0.383 1.887 4.251 
15.000 0.836 0.264 1.595 3.593 
20.000 0.909 0.191 1.392 3.136 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

-. 
HIGHWAY NAME- 
LOCATION -h,b R-MP b 19t3-2 PT 
Ver 3.40: December 1995 

TRACS NO 
DESIGNER 
CHECKER 

R St? 

NDv PAGE 

GWTE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 
Roadway Cross-Slope-Ft./~t.--Sx = 

Shoulder Width-Ft.-- = 
Shoulder Slope-Ft./Ft.--Ss = 

Gutter Width-Ft.--W = 
Gutter Slope-Ft./Ft.--Sw = 

Gutter Depression-Inches-- = 
Manning1 s IN = 

Flow-CFS--Q = 0.700-\0 y 
SPREAD-Ft.--T = 5.559- \3(-.-x 

Average Velocity-V-fps = 1.455 

FLOW in Gutter-CFS--Q = 0.696 
% Flow in Gutter-CFS = 99.491 

Velocity of Flow in Gutter-fps = 1.482 
Depth at Curb Line-Inches--d = 2.252 

GRATE TYPE: ADOT STD.--C15.92 

Grate Length--Ft. = 3 . 3 5 0  
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Capture Ratio - -  GRATE = 0.500 

Effective Perimeter--Ft. = 7.350 
Splash-Over Velocity--FPS = 7.350 

Local Gutter Depression-Inches = 0.000 

Flow-CFS--Q = 0.700 
GUTTER FLOW at INLET-CFS--Q = 0.696 
Gutter Velocity at INLET-fps = 1.482 

Depth at INLET Curb Line-Inches--d = 2.252 

Frontal Flow Intercepted by GRATE--CFS = 0.515 
Lateral Flow Intercepted by GRATE--CFS = 0.080 
TOTAL Flow Intercepted by GRATE--CFS = 0.595 

% FLOW Intercepted = 84.995 
By-pass Flow--CFS = 0.105- 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

09-24-2004 
P R O J E C T  NAME- Rn TRAcs No. - 

HIGHWAY NAME- DESIGNER - 1~512 
LOCAT ION - a% h l'lt33. 12r CHECKER - PAGE . 

Ver 3.40: December 1995 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.409 
Roadway Cross-Slope-Ft./~t.--Sx = 0.020 

Shoulder Width-Ft.-- = 5.500 
Shoulder Slope-Ft./~t.--Ss = 0.020 

a Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./~t.--Sw = 0.037 

Gutter Depression-Inches-- = 1.998 
Manning's IN = 0.016 

Flow-CFS--Q = 1.200 - 5 ' o y r  
SPREAD-Ft . - -T = 7.562 - ~ ' b ' - & k + ,  

Average Velocity-V-fps = 1.613 

FLOW in Gutter-CFS--Q = 1.135 
% Flow in Gutter-CFS = 94.554 

Velocity of Flow in Gutter-fps = 1.745 
Depth at Curb Line-Inches--d = 2.733 

GRATE TYPE: ADOT STD.--C15.92 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Capture Ratio - -  GRATE = 0.500 

Effective Perimeter--Ft. = 7.350 
Splash-Over Velocity--FPS = 7.350 

Local Gutter Depression-Inches = 0.000 P-- 

Flow-CFS--Q = 1.200 
GUTTER FLOW at INLET-CFS--Q = 1.135 
Gutter Velocity at INLET-fps = 1.745 

Depth at INLET Curb Line-Inches--d = 2.733 

Frontal Flow Intercepted by GRATE--CFS = 0.760 
Lateral Flow Intercepted by GRATE--CFS = 0.153 
TOTAL Flow Intercepted by GRATE--CFS = 0.912 

% FLOW Intercepted = 76.014 
By-pass Flow--CFS = 0.288h---- 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

09-24-2004 
TRACS NO. - 

Ver 3.40: ~ecember199! 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.409 
Roadway Cross-Slope-Ft./~t.--Sx = 0.020 

Shoulder Width-Ft.-- = 11.300 
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./~t.--Sw = 0.037 

Gutter Depression-Inches-- - - 1.998 
Manning's IN = 0.016 

Flow-CFS--Q = 1.800- lo . / f  
SPREAD-Ft.--T = 9.279. ~ o ' - - s  

Average Velocity-V-fps = 1.742 

FLOW in Gutter-CFS--Q = 1.586 
% Flow in Gutter-CFS = 88.103 

Velocity of Flow in Gutter-fps = 1.971 ,, 
Depth at Curb Line-Inches--d = 3.145 - 6 --9 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.92 

Grate Length--Ft. = 3.350 
Grate Width---Ft . = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 0.702 
Local Gutter Depression-Inches = 0.000 ' 

Length of opening: TOTAL Intercept--Ft. = 19.679 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio -- GRATE = 0.500 

LENGTH Efficiency Q(S.D.) 
- - - - - - - - - - - - - - - -  - - - - - - - 
5.000 0.410 0.738 
10.000 0.721 1.298 

0.925 1.664 1111 1.000 1.800 
1.000 1.800 

30.000 1.000 1.800 

% CAPT. 
- - - - - - -  
87.15- 
97.08 
99.99 
100.00 
100.00 
100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

09-24-2004 
@PROJECT NAME- TRAcs No. - 

HIGHWAY NAME- DESIGNER - R , R  
- ,./n\/ PAGE LOCATION - th \ \ & M R ~  \ 5 + 6 6 R T  CHECKER 

Ver 3.40: December 195 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.409 
Roadway Cross-Slope-Ft./~t.--Sx = 0.020 

Shoulder Width-Ft.-- = 11.300 
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./~t.--Sw = 0.037 

Gutter Depression-Inches-- - - 1.998 
Manning's IN = 0.016 

Flow-CFS--Q = 2.700 -St?r 
SPREAD-Ft. --T = 11.215 - \ h  w * p  

Average Velocity-V-fps = 1.888 

FLOW in Gutter-CFS--Q = 2.171 
% Flow in Gutter-CFS = 80.400 

Velocity of Flow in Gutter-fps = 2.217 
Depth at Curb Line-Inches--d = 3.610 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.92 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = . 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 1.218 
Local Gutter Depression-Inches = 0.000 

Length of opening: TOTAL Intercept--Ft. = 23.873 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S .D. ) Q (GRATE) 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - - 
5.000 0.345 0.931 1.213 
10.000 0.624 1.684 0:803 

0.832 2.245 0.415 3: l;!! 0.962 
2.598 0.102 

1.000 2.700 0.000 
30.000 1.000 2.700 0.000 

Q (By-Pass) 
- - - - - - - - - -  
0.556 
0.213 
0.040 
0.000 
0.000 
0.000 

% CAPT. 
- - - - - - -  
79.41- 
92.09 
98.54 
100.00 
100.00 
100.00 



APPENDIX D 

CATCH BASIN DESIGN 

McKellips Road Ramps A-D Catch Basins Calculations 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

TRACS NO 
DESIGNER 
CHECKER 

PROJECT NAME- RM 
HIGHWAY NAME- 
LOCATION - 8 b K  R k w h  7 + 2 5  & +  
Ver 3.40:  December 1995 

R5 f? 
dw , PAGE 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G 
Roadway Cross-Slope-Ft./~t.--Sx 

Shoulder Width-Ft.-- 
Shoulder Slope-Ft./~t.--Ss 

Gutter Width-Ft.--W 
Gutter Slope-Ft./~t.--Sw 

Gutter Depression-Inches-- 
s Manning's IN 

Flow-CFS--Q 
SPREAD-Ft.--T 

Average Velocity-V-fps 

FLOW in Gutter-CFS--Q 
$ Flow in Gutter-CFS 

Velocity of Flow in Gutter-fps 
Depth at Curb Line-Inches--d 

GRATE TYPE: ADOT STD.--C15.91f 

Grate Length- -Ft . 
Grate Width---Ft. 

Grate Area--Sq. Ft. 
Capture Ratio - -  GRATE 

Effective Perimeter--Ft. 
Splash-Over Velocity--FPS 

Local Gutter Depression-Inches 

Flow-CFS--Q 
GUTTER FLOW at INLET-CFS--Q 
Gutter Velocity at INLET-fps 

Depth at INLET Curb Line-Inches--d 

Frontal Flow Intercepted by GRATE--CFS 
Lateral Flow Intercepted by GRATE--CFS 
TOTAL Flow Intercepted by GRATE--CFS 

8 FLOW Intercepted 
By-pass Flow--CFS 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- 
HIGHWAY NAME- 
LOCATION k & - L A  7 + 2 S  k *  
Ver 3.40: December 1995 

TRACS NO 
DESIGNER 
CHECKER 

RSR 
A m  d PAGE 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 
Roadway Cross-Slope-Ft./Ft.--Sx = 

Shoulder Width-Ft.-- = 
Shoulder Slope-Ft./~t.--Ss = 

Gutter Width-Ft.--W = 
Gutter Slope-Ft./Ft.--Sw = 

Gutter Depression-Inches-- = 
Manning's IN = 

Flow-CFS--Q = 1 . 2 0 0 - s q ~ ~  
SPREAD-Ft . --T = 7.810 -8 -ar  

Average Velocity-V-fps = 1.385 

FLOW in Gutter-CFS--Q = 0.900 
% Flow in Gutter-CFS = 74.981 

Velocity of Flow in Gutter-fps = 1.704 
Depth at Curb Line-Inches--d = 3.539 

GRATE TYPE: ADOT STD.--C15.91 / 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Capture Ratio - -  GRATE = 0.500 

Effective Perimeter--Ft. = 7.354 
Splash-Over Velocity--FPS = 7.354 

Local Gutter Depression-Inches = 1.000' 

Flow-CFS--Q = 1.200 
GUTTER FLOW at INLET-CFS--Q = 1.038 
Gutter Velocity at INLET-fps = 1.834 

Depth at INLET Curb Line-Inches--d = 4.223 

Frontal Flow Intercepted by GRATE--CFS = 0.964 
Lateral Flow Intercepted by GRATE--CFS = 0.137 
TOTAL Flow Intercepted by GRATE--CFS = 1.101 

% FLOW Intercepted = 91.761 
By-pass Flow--CFS = 0.099- 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

10-13-2004 
TRACS NO. - 

HIGHWAY NAME- DESIGNER - RSR 
LOCATION c . 4  Pcr-c*\b A 7 $ 8 5  & f  CHECKER - N ~ V  PAGE 
Ver 3 . 4 0 :  December 1995  

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.250 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.024 

Shoulder Width-Ft.-- = 2.000 
Shoulder Slope-Ft./Ft.--Ss = 0.024 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- = 2 .010  
Manning's 'N = 0.016 

Flow-CFS--Q = 0.800- 10 v t  
SPREAD-Ft.--T = 6 .349-  1'---)( 

Average Velocity-V-fps = 1.294 

FLOW in Gutter-CFS--Q = 0.673 
% Flow in Gutter-CFS = 84.142 

Velocity of Flow in Gutter-fps = 1 .529  
Depth at Curb Line-Inches--d = 3 .119  

GRATE TYPE: ADOT STD.--C15.91 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5 .171  
Capture Ratio - -  GRATE = 0.500 

Effective Perimeter--Ft. = 7.354 
Splash-Over Velocity--FPS = 7.354 

Local Gutter Depression-Inches = 1 . 0 0 0 /  

Flow-CFS- -Q = 0.800 
GUTTER FLOW at INLET-CFS--Q = 0 .761  
Gutter Velocity at INLET-fps = 1.646 

Depth at INLET Curb Line-Inches--d = 3 .724  

Frontal Flow Intercepted by GRATE--CFS = 0.722 
Lateral Flow Intercepted by GRATE--CFS = 0 .057  
TOTAL Flow Intercepted by GRATE--CFS = 0.779 

% FLOW Intercepted = 97.434 
By-pass Flow--CFS = 0 . 0 2 1  



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

10-13-2004 
PROJECT NAME- Rm TRACS NO. - 
HIGHWAY NAME - DESIGNER - \?S 2 
LOCATION -fllrck Re*, & 7 k 8 3  L f CHECKER - )JDV PAGE 
Ver 3.40: December 1995 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G 
Roadway Cross-Slope-Ft./~t.--Sx 

Shoulder Width-Ft.-- 
Shoulder Slope-Ft./~t.--Ss 

Gutter Width-Ft.--W 
Gutter Slope-Ft./Ft.--Sw 

Gutter Depression-Inches-- 
Manning's IN 

Flow-CFS--Q = 1.200-5qyt 
SPREAD-Ft.--T = 7.810- %"%$ 

Average velocity-V-fps = 1.385 

FLOW in Gutter-CFS--Q = 0.900 
% Flow in Gutter-CFS = 74.981 

Velocity of Flow in Gutter-fps = 1.704 
Depth at Curb Line-Inches--d = 3.539 

GRATE TYPE: ADOT STD.--C15.91 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Capture Ratio - -  GRATE = 0.500 

Effective Perimeter--Ft. = 7.354 
Splash-Over Velocity--FPS = 7.354 

Local Gutter Depression-Inches = 1.000 0 

Flow-CFS--Q = 1.200 
GUTTER FLOW at INLET-CFS--Q = 1.038 
Gutter Velocity at INLET-fps = 1.834 

Depth at INLET Curb Line-Inches--d = 4.223 

Frontal Flow Intercepted by GRATE--CFS = 0.964 
Lateral Flow Intercepted by GRATE--CFS = 0.137 
TOTAL Flow Intercepted by GRATE--CFS = 1.101 

% FLOW Intercepted = 91.761 
By-pass Flow--CFS = 0.099 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- RA 
HIGHWAY NAME- 
LOCATION - A 8493 & +  
Ver 3.40: December 1995 

TRACS NO 
DESIGNER 
CHECKER 

R sf?. 
AJDU PAGE 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G 
Roadway cross-Slope-Ft./Ft.--Sx 

Shoulder Width-Ft.-- 
Shoulder Slope-Ft./Ft.--Ss 

Gutter Width-Ft.--W 
Gutter Slope-Ft./Ft.--Sw 

Gutter Depression-Inches-- 
Manning's 'N 

Flow-CFS--Q 
SPREAD-Ft.--T 

Average Velocity-V-fps 

FLOW in Gutter-CFS--Q 
% Flow in Gutter-CFS 

Velocity of Flow in Gutter-fps 
Depth at Curb Line-Inches--d 

GRATE TYPE: ADOT STD.--C15.91' 

Grate Length--Ft. 
Grate Width---Ft. 

Grate Area--Sq. Ft. 
Capture Ratio -- GRATE 

Effective Perimeter--Ft. 
Splash-Over Velocity--FPS 

Local Gutter Depression-Inches 

Flow-CFS--Q 
GUTTER FLOW at INLET-CFS--Q 
Gutter Velocity at INLET-fps 

Depth at INLET Curb Line-Inches--d 

Frontal Flow Intercepted by GRATE--CFS 
Lateral Flow Tntercepted by GRATE--CFS 
TOTAL Flow Intercepted by GRATE--CFS 

% FLOW Intercepted 
By-pass Flow--CFS 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

10-13-2004 
TRACS NO. - 

HIGHWAY NAME- DESIGNER - 
LOCATION - -a % + Y o  L=-+ CHECKER - ;% PAGE 
Ver 3.40: December 1995 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G 
Roadway Cross-Slope-Ft./Ft.--Sx 

Shoulder Width-Ft.-- 
Shoulder Slope-Ft./Ft.--Ss 

Gutter Width-Ft.--W 
Gutter Slope-Ft./Ft.--Sw 

Gutter Depression-Inches-- 
Manning's IN 

Flow-CFS--Q = 1.000-~u\r~ 
SPREAD-Ft.--T = 7.133 '&"b-l 

Average Velocity-V-fps = 1.342 

FLOW in Gutter-CFS--Q = 0.791 
% Flow in Gutter-CFS = 79.129 

Velocity of Flow in Gutter-fps = 1.624 
Depth at Curb Line-Inches--d = 3.344 

GRATE TYPE: ADOT STD.--C15.91 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Capture Ratio - -  GRATE = 0.500 

Effective Perimeter--Ft. = 7.354 
Splash-Over Velocity--FPS = 7.354 

Local Gutter Depression-Inches 

Flow-CFS--Q 
GUTTER FLOW at INLET-CFS--Q 
Gutter Velocity at INLET-fps 

Depth at INLET Curb Line-Inches--d 

Frontal Flow Intercepted by GRATE--CFS 
Lateral Flow Intercepted by GRATE--CFS 
TOTAL Flow Intercepted by GRATE--CFS 

% FLOW Intercepted 
By-pass Flow--CFS 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- R/r7 
HIGHWAY NAME- 
LOCATION - / rkh PQm, /$ B + ? S  L.f 
Ver 3.40: December 1995 

TRACS NO. - 
DESIGNER - 
CHECKER - 

AsR 
PAGE 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 
Roadway Cross-Slope-Ft./Ft.--Sx = 

- Shoulder Width-Ft.-- - 
Shoulder Slope-Ft./Ft.--Ss = 

Gutter Width-Ft.--W = 
Gutter Slope-Ft./Ft.--Sw = 

Gutter Depression-Inches-- - - 
Manning's IN = 

Flow-CFS--Q = 1.200 - yYr 
SPREAD-Ft.--T = 7.810 8 - & A  

Average Velocity-V-fps = 1.385 

FLOW in Gutter-CFS--Q = 0.900 
% Flow in Gutter-CFS' = 74.981 

Velocity of Flow in Gutter-fps = 1.704 
Depth at Curb Line-Inches--d = 3.539 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE : ADOT STD. - -C15.91/ 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 4.223 
Local Gutter Depression-Inches = 1.000 / 

Length of opening: TOTAL Intercept--Ft. = 8.122 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S .D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - a - - - - - - - - - - - - - - - -  - - - - - - - - - -  - - - - - - -  
5.000 0.821 0.985 0.215 1.200 0.000 100 .00lC 

10.000 1.000 1.200 0.000 1.200 0.000 100.00 
15.000 1.000 1.200 0.000 1.200 0.000 100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
(WJ 

DRAINAGE DESIGN SECTION 

Ver 3.40: ~ecember 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G 
Roadway Cross-Slope-Ft./Ft.--Sx 

Shoulder Width-Ft.-- 
Shoulder Slope-Ft./Ft.--Ss 

Gutter Width-Ft.--W 
Gutter Slope-Ft./Ft.--Sw 

Gutter Depression-Inches-- 
Manning's 'N 

Flow-CFS--Q = 1.700 * 
SPREAD-Ft . --T = 9.204 - \9'--'+ 

Average Velocity-V-fps = 1.477 

FLOW in Gutter-CFS--Q = 1.141 
% Flow in Gutter-CFS = 67.130 

Velocity of Flow in Gutter-fps = 1.866 
Depth at Curb Line-Inches--d = 3.941 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATETYPE: ADOT STD.--C15.91/ 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 4.675 
Local Gutter Depression-Inches = 1.000 / 

Length of opening: TOTAL Intercept--Ft. = 9.844 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S .D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 
- - - - - - - - - -  - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - -  - - - - - - - - - -  - - - - - - - 

5.000 0.721 1.226 0.474 1.699 0.001 99.95- 
10.000 1.000 1.700 0.000 1.700 0.000 100.00 
15.000 1.000 1.700 0.000 1.700 0.000 100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

10-13-2004 
@PROJECT NAME - R n  TRAcs No. - 

HIGHWAY NAME- DESIGNER - f ib/ i  
LOCATION -/V)&k R * m p  A \ \ S O U  L-t CHECKER - & p V  PAGE 
Ver 3.40:  December 1995  

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 
Roadway Cross-Slope-Ft./~t.--Sx = 

Shoulder Width-Ft.-- = 
Shoulder Slope-Ft./~t.--Ss = 

Gutter Width-Ft . - -W = 
Gutter Slope-Ft./~t.--Sw = 

Gutter Depression-Inches-- = 
Manning's 'N = 

Flow-CFS--Q = 1.200-joy' 
SPREAD-Ft.--T = 7 .810 -  %'-a> 

Average Velocity-V-fps = 1 .385  

FLOW in Gutter-CFS--Q = 0.900 
% Flow in Gutter-CFS = 7 4 . 9 8 1  

Velocity of Flow in Gutter-fps = 1 .704  
Depth at Curb Line-Inches--d = 3.539 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91 ' 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2 .000  

Grate Area--Sq. Ft. = 5 . 1 7 1  
Splash-Over Velocity--FPS = 7 .354  

Depth at INLET Curb Line-Inches--d = 4 - 2 2 3  
Local Gutter Depression-Inches = 1 . O O O R  

Length of opening: TOTAL Intercept--Ft. = 8.122 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S .D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - - - -  - - - - - -  - - - - - - - - - - - - - - - - -  - - - - - - -  

5.000 0 .821  0 .985  0 .215  1 .200  0.000 100.00* 
10 .000  1 .000 1 .200  0 .000 1 .200  0.000 100.00 

1 .000  1 .200  0 .000  1 . 2 0 0  0 .000 100.00 , 

1 .000  1 .200  0 .000 1 .200  0.000 100  - 0 0  
25 .000  1 .000  1 .200  0 .000 1 .200  0.000 100 .00  



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

10-13-2004 
PROJECT NAME- bfl TRACS NO. - 
HIGHWAY NAME- DESIGNER - asr2 .. 
LOCATION - f l A  L p n o A  \ i + Q O L f  CHECKER - /VD\/ PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.250 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.024 

Shoulder Width-Ft.-- = 2.000 
Shoulder Slope-Ft./Ft.--Ss = 0.024 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- - - 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 1.900 - % r t  

SPREAD-Ft.--T = I 9.679-\4 -0-v 
Average Velocity-V-fps = 1.510 

FLOW in Gutter-CFS--Q = 1.229 
% Flow inGutter-CFS = 64.689 

Velocity of Flow in Gutter-fps = 1.920 
Depth at Curb Line-Inches--d = 4.078 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91H 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 4.826 
Local Gutter Depression-Inches = 1.000/ 

Length of opening: TOTAL Intercept--Ft. = 10.480 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S .D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - -  - -  - - - - - - -  - - - - - - - - - -  - - - - - - -  
5.000 0.689 1.309 0.587 1.896 0.004 99.78- 
10.000 0.996 1.893 0.007 . 1.900 0.000 100.00 

1.000 1.900 0.000 1.900 0.000 100.00 
1.000 1.900 0.000 1.900 0.000 100.00 
1.000 I. 900 0.000 1.900 0.000 100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN.SECTION 

10-13-2004 @ PROJECT NAME- R f l  TRACS NO.- 
HIGHWAY NAME- DESIGNER - ITS,? 
LOCATION -Melt ~XO--A A \3+ 3 3  1 + CHECKER - A ) ~ v '  PAGE 
Ver 3 .40 :  December 19'95 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 1 .246  
Roadway Cross-Slope-Ft./~t.--Sx = 0.024 

- Shoulder width-~t.-- - 2.000 
Shoulder Slope-Ft./~t.--Ss = 0.024 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./~t.--Sw = 0.067 

Gutter Depression-Inches-- - - 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 2.800"U7'  
SPREAD-Ft.--T = 7 .980  -af-r 

Average Velocity-V-fps = 3 .116  

FLOW in Gutter-CFS--Q = 2 . 0 7 1  
% Flow in Gutter-CFS = 73.969 

Velocity of Flow in Gutter-fps = 3.848 
Depth at Curb Line-Inches--d = 3.588 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2 .000  

Grate Area--Sq. Ft. = 5 . 1 7 1  
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 4 - 2 7 9  
Local Gutter Depression-Inches = 1.000 

Length of opening: TOTAL Intercept--Ft. = 1 8 . 8 7 1  
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S . D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - - - - - - - - -  - - - - - - - - - - - - - - - - - -  - - - - - - - 

5 .000  0 .425  1 . 1 9 1  1 .542  2.733 0 .067 97.60 - 
10.000  0 .743 2 .080  0.720 2 .800 0.000 100  .oo  

0 .942  2 .638 0 .162 2 .800  0 .000 100 .00  
1 . 0 0 0  2 .800 0.000 2 .800 0 .000 100 .00  
1 .000  2 .800 0.000 2.800 0.000 100 .00  



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

10-13-2004 
TRACS NO. - 

HIGHWAY NAME- DESIGNER - ~XL,? 

LOCAT I ON - &k fio-j-, A 1 3 + Q Q L t  CHECKER - /C/DI/ PAGE 
Ver 3.40: December 195% 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 
Roadway Cross-Slope-Ft./Ft.--Sx = 

Shoulder Width-Ft.-- = 
Shoulder Slope-Ft./Ft.'--SS = 

Gutter Width-Ft.--W = 
Gutter Slope-Ft./~t.--Sw = 

Gutter Depression-Inches-- = 
Manning's IN = 

Flow-CFS--Q = 4.000-S0yr 
SPREAD-Ft.--T = 9.427 - \4'---r 

Average Velocity-V-fps = 3.331 

FLOW in Gutter-CFS--Q = 2.639 
% Flow in Gutter-CFS = 65.966 

Velocity of Flow in Gutter-fps = 4.222 
Depth at Curb Line-Inches--d = 4.005 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 4.746 
Local Gutter Depression-Inches = 1.000 

Length of opening: TOTAL Intercept--Ft. = 22.999 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S .D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - a - - - - - - - - - - - - -  - - - - - - - - - - - - - - - - -  - - - - - - - 
5.000 0.357 1.427 2.217 3.644 0.356 91.1lc-- 
10.000 0.642 2.568 1.394 3.962 0.038 99.04 

0.851 3 -402 0.598 4.000 0.000 100.00 
0.974 3.898 0.102 4.000 0.000 100.00 . 
1.000 4.000 0.000 4.000 0.000 100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

10-05-2004 
TRACS NO. - 

HIGHWAY NAME- DESIGNER - \?st? 
LOCATION - Mck kumn & I O t o o  LT CHECKER - ~ / > v  PAGE 
Ver 3.4-0 : December 1935 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 2.243 
Roadway Cross-Slope-Ft./~t.--Sx = 0.020 

Shoulder Width-Ft.-- = 4.000 
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./~t.--Sw = 0.037 

Gutter Depression-Inches-- = 1.998 
Manning's IN = 0.016 

Flow-CFS--Q = 1.900-loyr 
SPREAD-Ft.--T = 6.077 -\dt,-&/? 

Average Velocity-V-fps = 3.509 

FLOW in Gutter-CFS--Q = 1.874 
% Flow in Gutter-CFS = 98.627 

Velocity of Flow in Gutter-fps = 3.628 
Depth at Curb Line-Inches--d = 2.377 -6/k.,, 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.92/ 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 0.000 
Local Gutter Depression-Inches = 0.000 ( 

Length of opening: TOTAL Intercept--Ft. = 32.556 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S.D. ) Q (GRATE) Q (INT. ) Q(By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - -  
5.000 0.259 0.493 1.125 1.617 0.283 85-12., - -  

10.000 0.483 0.918 0.848 1.767 0.133 93.00 
0.671 1.275 0.589 1.864 0.036 98.11- 
0.820 1.558 0.340 1.898 0.002 99.90 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

10-05-2004 
P R O J E C T  NAME- R r  TRAcs No. - 

HIGHWAY NAME- DESIGNER - &sR 
LOCATION & \  &.*D A 2 0 + ~  L i -  CHECKER - &E>V PAGE 
Ver 3 .40  : Dece'mber 1'995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 
Roadway Cross-Slope-Ft./Ft.--Sx = 

Shoulder Width-Ft . - -  = 
Shoulder Slope-Ft./~t.--SS = 

Gutter Width-Ft.--W = 
Gutter Slope-Ft./Ft.--Sw = 

Gutter Depression-Inches-- - - 
Manning's IN = 

Flow-CFS--Q = 2 .700  "5*  r P  
SPREAD-Ft.--T = 7 .402  -16'cho.~ 

Average Velocity-V-fps = 3.750 

FLOW in Gutter-CFS--Q = 2 .567  
% Flow in Gutter-CFS = 95.085 

Velocity of Flow in Gutter-fps = 4.038 
Depth at Curb Line-Inches--d = 2.695 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.92 r 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2 .000  

Grate Area--Sq. Ft. = 5 .590  
Splash-Over Velocity--FPS = 7 .350  

Depth at INLET Curb Line-Inches--d = 1 .252  
Local Gutter Depression-Inches = 0.OOOJ 

Length of opening: TOTAL Intercept--Ft. = 38 .110  
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D. ) Q(GRATE) Q(1NT. ) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - A - - - - - - - - - - - - -  - - - - - - - - - -  - - - - - - - 

5 .000  0 .224 0.604 1 .525  2.129 0 . 5 7 1  78.86 
10.000 0 .422 1 .139 1 .220  2 .359  0 .341  87 .37  



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

LOCATION - hllr\b n 7 i z r  L+ CHECKER - ./t& V' PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G 
Roadway Cross-Slope-Ft./Ft.--Sx 

Shoulder Width-Ft.-- 
Shoulder Slope-Ft./Ft.--Ss 

Gutter Width-Ft . --W 
Gutter Slope-Ft./Ft.--Sw 

Gutter Depression-Inches-- 
Manning's IN 

Flow-CFS--Q = 0. 900 - ' O , ' t c  

SPREAD-Ft.--T = 7.358-8h*v 
Average Velocity-V-fps = 1.406 

FLOW in Gutter-CFS--Q = 0.594 
% Flow in Gutter-CFS = 65.951 

Velocity of Flow in Gutter-fps = 1.662 
Depth at Curb Line-Inches--d = 2.029 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91, 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 2.735 
Local Gutter Depression-Inches = 1.000- 

Length of opening: TOTAL Intercept--Ft. = 12.133 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - - GRATE = 0.500 

LENGTH Efficiency Q(S.D.) Q(GRATE) Q(1NT.) Q(By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - a -  - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - - 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

- 
HIGHWAY NAME- 
LOCATION - r L.. , ,ba 7f 21 L *  
Ver 3.40: ~ecember 1995 

TRACS NO 
DESIGNER 
CHECKER 

~ 5 1 7  
JVDV PAGE 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 
Roadway Cross-Slope-Ft./~t.--Sx = 

Shoulder Width-Ft.-- = 
Shoulder Slope-~t./~t.--Ss = 

Gutter Width-Ft.--W = 
Gutter Slope-Ft./~t.--Sw = 

Gutter Depression-Inches-- - - 
Manning's 'N = 

Average Velocity-V-fps = 1 512 5p,CC&5 @ v ~ B ~ F ~ ~ ~  - 
e i ~  ~ l d b c k  8sia-~ 

FLOW in Gutter-CFS--Q = 0.735 
% Flow in Gutter-CFS = 61.268 ~ k f l  

Velocity of Flow in Gutter-fps = 1.809 
Depth at Curb Line-Inches--d = 2.266 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91 

Grate Length- -Ft . = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 3.003 
Local Gutter Depression-Inches = 1.000 

Length of opening: TOTAL Intercept--Ft. = 14.013 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D. ) Q(GRATE) Q(1NT.) Q(By-Pass) % CAPT. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

@PROJECT NAME- RM 
HIGHWAY NAME- 
LOCATION - /rick AL-P 13 IO t J 5  
Ver 3.40:  December 1995  

TRACS NO 
DESIGNER 
CHECKER 

t5 R 
flDV PAGE 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G 
Roadway Cross-Slope-~t./Ft.--Sx 

Shoulder Width-Ft.-- 
Shoulder Slope-Ft./~t.--Ss 

Gutter Widt.h-Ft . - -W 
Gutter Slope-Ft./~t.--Sw 

Gutter Depression-Inches-- 
Manning's IN 

Flow-CFS--Q = 2 .400- \oy r  
SPREAD-Ft.--T = 6 .988  - Q1--&+ 

Average Velocity-V-fps = 2.960 

FLOW in Gutter-CFS--Q = 1 .580  
% Flow in Gutter-CFS = 65.853 

Velocity of Flow in Gutter-fps = 3 .448  
Depth at Curb Line-Inches--d = 2.515 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91 

Grate Length--Ft. = 3 .354  
Grate Width---Ft. = 2 .000  

Grate Area--Sq. Ft. = 5 . 1 7 1  
Splash-Over Velocity--FPS = 7 .354  

Depth at INLET Curb Line-Inches--d = 3 .227  
Local Gutter Depression-Inches = 1 .000  

Length of opening: TOTAL Intercept--Ft. = 25.330 
Capture Ratio - -  SLOTTED DRAIN = 0 .670  

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D.) Q(GRATE) Q(1NT.) Q(By-Pass) %CAPT. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAm- RM 
HIGHWAY NAME- 
LOCATION - 
Ver 3 .4 0 : Decembe 

TRACS NO 
DESIGNER 
CHECKER 

10-14-2004 

%P v 
417 

PAGE 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 
Roadway Cross-Slope-Ft./Ft.--Sx = 

Shoulder Width-Ft.-- = 
Shoulder Slope-Ft./Ft.--Ss = 

Gutter Width-Ft.--W = 
Gutter Slope-Ft./Ft.--Sw = 

Gutter Depression-Inches-- - - 
Manning's IN = 

Flow-CFS--Q = 3.400-Sq~v 
SPREAD-~t.--T = 7.896 -%mar  

Average Velocity-V-fps = 3.246 

FLOW in Gutter-CFS--Q = 2.061 
% Flow in Gutter-CFS = 60.609 

Velocity of Flow in Gutter-fps = 3.832 
Depth at Curb Line-Inches--d = 2.896 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 3.641 
Local Gutter Depression-Inches = 1.000 

Length of opening: TOTAL Intercept--Ft. = 29.785 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D.1 Q(GRATE) Q(1NT.) Q(By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - -  
5.000 0.282 0.958 1.804 2.762 0.638 81.23 
10.000 0.521 1.772 1.332 3.104 0.296 91.28 

0.717 2 -436 0.876 3.313 0.087 97.43 
0.865 2.942 0.452 3.394 0.006 99.82 q-- 

25.000 0.963 3.274 0.126 3.400 0.000 100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

10-20-2004 
PROJECT NAME- Rf i  TRACS NO. - 
HIGHWAY NAME- DESIGNER - 
LOCATION - f l G k  @r 1-94 2~ \?+ CHECKER - N D ~  PAGE 
Ver 3.40: December 1955 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 2.433 
Roadway Cross-Slope-Ft./~t.--Sx = 0.011 

Shoulder Width-Ft.-- = 8.000 
Shoulder Slope-Ft./Ft.--Ss = 0.011 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./~t.--Sw = 0.021 

Gutter Depression-Inches-- - - 0.630 
Manning's IN = 0.016 

Flow-CFS--Q = 1.400-boy; 
SPREAD-Ft.--T = 9.535-10 - , 

Average Velocity-V-fps = 2.614 

FLOW in Gutter-CFS--Q = 0.852 
% Flow inGutter-CFS = 60.830 

Velocity of Flow in Gutter-fps = 3 -265 
Depth at Curb Line-Inches--d = 1.567 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91 

Grate Length--Ft. = 3.354 
Grate Width- --Ft . = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 2.297 
Local Gutter Depression-Inches = 1.000 

Length of opening: TOTAL Intercept--Ft. = 25.170 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - - GRATE = 0.500 

LENGTH Efficiency Q(S.D.1 Q(GRATE) Q(1NT.) Q(By-Pass) %CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - - - - - - - - - -  - - - - - - -  - - - - - - - - - -  - - - - - - -  
5.000 0.329 0.460 0.861 1.321 0.079 94.35 
10.000 0.598 0.837 0.556 1.393 0.007 99.53 

0.804 1.126 0.274 1.400 0.000 100. OOL-, 
0.942 1.319 0.081 1.400 0.000 100 -00 

25.000 1.000 1.400 0.000 1.400 0.000 100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

10-20-2004 
PROJECT NAME- R*( TRACS NO. - 
HIGHWAY NAME- DESIGNER - i?$+lp 

LOCATION - / Q & K  RamD O \7+23 1 % ~  CHECKER - PDV PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 
Roadway Cross-Slope-Ft./Ft.--Sx = 

Shoulder Width-Ft.-- = 
Shoulder Slope-Ft./~t.--Ss = 

Gutter Width-Ft.--W = 
Gutter Slope-Ft./Ft.--Sw = 

Gutter Depression-Inches-- = 
Manning's 'N = 

Flow-CFS--Q = 1.900 - s 0 7 c  
SPREAD-Ft . --T = 10.799 - ! k t - - & . /  

Average Velocity-V-fps = 2.801 

FLOW in Gutter-CFS--Q = 1.048 
8 Flow in Gutter-CFS = 55.168 

Velocity of Flow in Gutter-fps = 3.542 
Depth at Curb Line-Inches--d = 1.735 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 2.504 
Local Gutter Depression-Inches = 1.000 

Length of opening: TOTAL Intercept--Ft. = 29.954 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S .D. ) Q (GRATE) Q (INT. ) Q (By-Pass) 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - -  - - - - - - - - - -  
5.000 0.280 0.532 1.122 1.655 0.245 
10.000 0.519 0.985 0.843 1.829 0.071 

0.714 1.356 0.539 1.895 0.005 
0.862 1.638 0.262 1.900 0.000 

25.000 0.961 1.826 0.074 1.900 0.000 

% CAPT. 
- - - - - - -  
87.09 
96.24 
99.74+ 
100.00 
100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- R f l  
HIGHWAY NAME- 
LOCATION - k A C S+QG C +  
Ver 3.40 : December 1995 

TRACS NO 
DESIGNER 
CHECKER 

Rsl3 
ND\/ PAGE 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 
Roadway Cross-Slope-Ft./~t.--Sx = 

Shoulder Width-Ft.-- = 

Shoulder Slope-Ft./~t.--Ss = 
Gutter Width-Ft.--W = 

Gutter Slope-Ft./~t.--Sw = 
Gutter Depression-Inches-- - - 

Manning's 'N = 

Flow-CFS--Q = 2.50O-lov; 
SPREAD-Ft . --T = 8.500 g m F  - A&& 5 P ~ e a Q  

Average Velocity-V-fps = 3 -446 @ up4teo- @WJ 

oC s~.pi r 9  DPWL 
FLOW in Gutter-CFS--Q = 1.521 

% Flow in Gutter-CFS = 60.847 
ok /" 

Velocity of Flow in Gutter-fps = 4.161 
Depth at Curb Line-Inches--d = 2.070 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91/ 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 2.808 
Local Gutter Depression-Inches = 1.000 " 

Length of.opening: TOTAL Intercept--Ft. = 32.986 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S .D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- R / 4  
HIGHWAY NAME- 
LOCATION - A ~ & A c z m ~  L 5fQ0 &+  
Ver 3.40: December 1995 

TRACS NO 
DESIGNER 
CHECKER 

R5 I? , 
$94 PAGE 

- - - 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 
Roadway Cross-Slope-Ft./Ft.--Sx = 

Shoulder Width-Ft.-- = 
Shoulder Slope-Ft./Ft.--Ss = 

Gutter Width-Ft.--W = 
Gutter Slope-Ft./Ft.--Sw = 

Gutter Depression-Inches-- = 
Manning's IN = 

Flow-CFS--Q = 3.500-5:rr 
SPREAD-Ft.--T = 9.650 14 pquw 

Average Velocity-V-fps = 3.746 

FLOW in Gutter-CFS--Q = 1.938 
% Flow in Gutter-CFS = . 55.360 

Velocity of Flow in Gutter-fps = 4.579 
Depth at Curb Line-Inches--d = 2.346 

SLOTTED DRAIN--ADOT STD.--C13.60 - 
GRATE TYPE: ADOT STD.--C15.91 

Grate Length--Ft. = 3 -354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 3.117 
Local Gutter Depression-Inches = 1,000 6' 

Length of opening: TOTAL Intercept--Ft. = 39.330 
Capture Ratio -- SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S.D. ) Q(GRATE) Q (INT. ) Q (By-Pass) % CAPT. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

10-20-2004 
@PROJECT NAME- nfl Tmcs No. - 

HIGHWAY NAME- DESIGNER - fi$@ 
LOCATION -N'h R g m b G  L O t Q Q L e  CHECKER - und PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 1.710 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 8.000 
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./~t.--Sw = 0.021 

Gutter Depression-Inches-- = 0.630 
Manning's IN = 0.016 

Flow-CFS--Q = 2.2004PYP 
SPREAD-F~ . --T = 8.733. Q - - - 4  - ~Leke-Q 5 1 c @ ~ ~ 9  

Average Velocity-V-fps = 2.873 C q d r e o -  en 9. 
.c 5 i.Fics k-b, 

FLOW in Gutter-CFS--Q = 1.312 
%  low in  utter-CFS = 59.656 oh/ 

Velocity of Flow in Gutter-fps = .  3 -479 
Depth at Curb Line-Inches--d = 2.126 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91 ' 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 2.871 
Local Gutter Depression-Inches = 1.000 / 

Length of opening: TOTAL Intercept--Ft. = 27.935 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S. D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 
- - - - - -  - - - - e m - - - -  - - - - - - - - - - - - - - - - - - - - - -  - - - - - - - - - -  - - - - - - -  
5.000 0.299 0.657 1.239 1.896 0.304 86.18 

10.000 0.550 1.209 0.891 2.100 0.100 95.47 
0.750 1.650 0.540 2.190 0.010 99.5347" 
0.896 1.972 0.228 2.200 0.000 100.00 
0.983 2.162 0.038 2 -200 0.000 100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

10-20-2004 
P R O J E C T  NAME- Rn TRAcs No. - 

HIGHWAY NAME- DESIGNER - RSfl 
LOCATION - (( p,,m5 c lo+oo L +  CHECKER - NDV PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 1.710 
Roadway Cross-Slope-Ft./~t.--Sx = 0.020 

Shoulder Width-Ft.-- = 8.000 
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./~t.--Sw = 0.021 

Gutter Depression-Inches-- - - 0.630 
Manning's 'N = 0.016 

Flow-CFS--Q = 3. 100-5:rt 
SPREAD-Ft.--T = 9.938 - ~Y"&'c 

Average Velocity-V-ips = 3.129 

FLOW in Gutter-CFS--Q = 1.678. 
% Flow in Gutter-CFS = 54.123 

Velocity of Flow in Gutter-ips = 3'. 835 
Depth at Curb Line-Inches--d = 2.415 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.9l.d 

Grate Length--Ft. , =  3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 3.194 
Local Gutter Depression-Inches = 1.0004' 

Length of opening: TOTAL Intercept--Ft. = 33.430 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D.) Q(GRATE) Q(1NT.) Q(By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - - - - - - - - -  - - - - - - - - - -  - - - - - - -  
5.000 0.253 0.784 1.638 2.422 0.678 78.14 
10 .OOO 0.473 1.465 1.291 2.756 0.344 88.89 

0.658 2.039 0.940 2.979 0.121 96.094"-cl 
0.806 2.500 0.585 3.084 0.016 99.49 
0.916 2.840 0.260 3.100 0.000 100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

10-20-2004 
PROJECT NAME- R f l  TRACS NO. - 
HIGHWAY NAME- DESIGNER - 9 % ~  
LOCATION - CHECKER - A/PV PAGE 
Ver 3.40 : December 19'95 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 
Roadway Cross-Slope-Ft./Ft.--Sx = 

Shoulder Width-Ft.-- = 
Shoulder Slope-Ft./Ft.--Ss = 

Gutter Width-Ft.--W = 
Gutter Slope-Ft./Ft.--Sw = 

Gutter Depression-Inches-- = 
Manning's IN = 

Flow-CFS--Q = 0.900 - ' O Y ~  

SPREAD-Ft.--T = 5.809 - 8 ' - + ~  
Average Velocity-V-fps = 1.858 

FLOW in Gutter-CFS--Q = 0.803 
% Flow in Gutter-CFS = 89.274 

Velocity of Flow in Gutter-fps = 2.144 
Depth at Curb Line-Inches--d = 2.804 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft . = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 3.349 
Local Gutter Depression-Inches = 1.000d 

Length of opening: TOTAL Intercept--Ft. = 8.778 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D.) Q(GRATE) Q(1NT.) Q(By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - -  
'5.000 0.781 0.703 0.197 0.900 0.000 100.00 CI 
10.000 1.000 0.900 0.000 0.900 0.000 100.00 

1.000 0.900 0.000 0.900 0.000 100.00 
1.000 0.900 0.000 0.900 0.000 100.00 
1.000 0.900 0.000 0.900 0.000 100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

10-20-2004 
PROJECT NAME - R/.l TRACS NO. - 

DESIGNER - (35 r? 
LOCATION - Ram0 C 11+00 C +  CHECKER -- 

PAGE 
Ver 3.40: December 1993 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.591 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 8.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- = 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 1.400 -50yr 

SPREAD-Ft. --T = 7.507 - &n-y 

Average Velocity-V-fps = 1.970 

FLOW in Gutter-CFS--Q = 1.108 
% Flow in Gutter-CFS = 79.172 

Velocity of Flow in Gutter-fps = 2.411 
Depth at Curb Line-Inches--d = 3.212 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 3.864 
Local Gutter Depression-Inches = 1.000 

Length of opening: TOTAL Intercept--Ft. = 10.957 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

_.Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S.D. ) Q(GRATE) Q(1NT. ) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - -  
5 :OOO 0.666 0.933 0.467 1.400 0.000 lOO.OOe-- 
10.000 0.988 1.383 0.017 1.400 0.000 100.00 
15.000 1.000 1.400 0.000 1.400 0.000 100.00 
20.000 1.000 1.400 0.000 1.400 0.000 100.00 
25.000 1.000 1.400 0.000 1.400 0.000 100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- Rfl  
@HIGHWAY N w -  

LOCATION - r \ c h  Pb-p f, l 3 i q Q  4 - 1  
Ver 3.40: December 19g5 

TRACS NO. - 
DESIGNER - 

CHECKER - 
R S W  
./vD Y PAGE 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0 -312 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 8.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- = 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 0 -7OO-loyr 
SPREAD-Ft . --T = 6.063 -9'-br 

Average Velocity-V-fps = 1.361 

FL0.W in Gutter-CFS--Q = 0.615 
% Flow in Gutter-CFS = 87.797 

Velocity of Flow in Gutter-fps = 1.586 
Depth at Curb Line-Inches--d = 2.865 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91/ 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 3.429 
Local Gutter Depression-Inches = 1.000 " 

Length of opening: TOTAL Intercept--Ft. = 6.541 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D.) Q(GRATE) Q(1NT.) Q(By-Pass) % CAPT. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

10-20-2004 
- TRACS NO. - 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.312 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 8.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- - - 2.010 
Manning's IN = 0.016 

Flow-CFS- -Q = 0.900 - 5 o Y ~  
SPREAD-Ft.--T = 7.023 - Oo-6~ 

Average Velocity-V-fps = 1.406 

FLOW in Gutter-CFS--Q = 0.739 
% Flow in Gutter-CFS = 82.063 

Velocity of Flow in Gutter-fps = 1.696 
Depth at Curb Line-Inches--d = 3.096 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRaTE TYPE: ADOT STD.--C15.91 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 3.721 
Local Gutter Depression-Inches = 1.000 / 

Length of opening: TOTAL Intercept--Ft. = 7.415 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D. ) Q(GRATE) Q (INT. ) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - - - - -  - - - - - - -  
5.000 0.867 0.781 0.119 0.900 0.000 100.00"---- 
10.000 1.000 0.900 0.000 0.900 0.000 100.00 

1.000 0.900 0.000 0.900 0.000 100.00 
1.000 0.900 0.000 0.900 0.000 100.00 
1.000 0.900 0.000 0.900 0.000 100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

10-20-2004 
TRACS NO. - 

HIGHWAY NAME- DESIGNER - 15~3 
LOCATION - f l ~ k  KW..\O C I 11 CHECKER - # b v  PAGE 
Ver 3.40: December 199'5 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.312 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 8.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- = 2.010 
Manning's 'N = 0.016 

Flow-CFS--Q = 0.800 -cO$(  
SPREAD-Ft.--T = 6 -567 3'wL3 

Average Velocity-V-fps = 1.384 

FLOW in Gutter-CFS--Q = 0.678 
% Flow in Gutter-CFS = 84.803' 

Velocity of Flow in Gutter-ips = 1.644 
Depth at Curb Line-Inches--d = 2.986 

# 

GRATE TYPE: ADOT STD.--~15.'91 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Capture Ratio - -  GRATE = 0.500 

Effective Perimeter--Ft. = 7.354 
Splash-Over Velocity--FPS = 7.354 

Local Gutter Depression-Inches = 1.000 

Flow-CFS--Q = 0.800 
GUTTER FLOW at INLET-CFS--Q = 0.771 
Gutter Velocity at INLET-ips = 1.779 

Depth at INLET Curb Line-Inches--d = 3.585 

Frontal Flow Intercepted by GRATE--CFS = 0.737 
Lateral Flow Intercepted by GRATE--CFS = 0.047 
TOTAL Fiow Intercepted by GRATE--CFS = 0.784 

% FLOW Intercepted = 97.939 
By-pass Flow--CFS = 0.016 - 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- 
HIGHWAY NAME - 
LOCATION - /YIcK R w p  k \-5t?Z &+ 
Ver 3.40: December 1995 

TRACS NO 
DESIGNER 
CHECKER 

~ S R  
f lbV PAGE 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 
Roadway Cross-Slope-Ft./~t.--Sx = 

Shoulder Width-Ft.-- = 
Shoulder Slope-Ft./Ft.--Ss = 

Gutter Width-Ft.--W = 
Gutter Slope-Ft./Ft.--Sw = 

Gutter Depression-Inches-- = 
Manning1 s IN = 

Flow-CFS--Q = 1.100-S:Yt 
SPREAD-Ft.--T = 7.829 -%--W 

Average Velocity-V-fps = 1.448 

FLOW in Gutter-CFS--Q = 0.850 
% Flow in Gutter-CFS = 77.282 

Velocity of Flow in Gutter-fps = 1.787 
Depth at Curb Line-Inches--d = 3.289 

GRATE TYPE: ADOT STD.--C15.91 

Grate Length--Ft. = 3 -354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Capture Ratio - -  GRATE = 0.500 

Effective Perimeter--Ft. = 7.354 
Splash-Over Velocity--FPS = 7.354 

Local Gutter Depression-Inches = 1.000 

Flow-CFS--Q = 1.100 
GUTTER FLOW at INLET-CFS--Q = 0.988 
Gutter Velocity at INLET-fps = 1.935 

Depth at INLET Curb Line-Inches--d = 3.957 

Frontal Flow Intercepted by GRATE--CFS = 0.928 
Lateral Flow Intercepted by GRATE--CFS = 0.103 
TOTAL Flow Intercepted by GRATE--CFS = 1.031 

% FLOW Intercepted = 93.684 
By-pass Flow--CFS = 0.069 rt"-" 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

- -  - -  a PROJECT NAME- RM TRACS NO. - 
HIGHWAY NAME - DESIGNER - /25/z 
LOCATION - h k  L - a  L I ~ t q %  L i  CHECKER - Nf)/  PAGE 
Ver 3.40: December 1995 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.312 
Roadway Cross-Slope-Ft./~t.--Sx = 0.020 

Shoulder Width-Ft.-- = 8.000 
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./~t.--Sw = 0.067 

Gutter Depression-Inches--' = 2.010 
Manning's IN = 0.016 

Flow-CFS--Q -= 0.800-10;tp 
SPREAD-Ft.--T = 6.567-%P-% 

Average Velocity-V-fps = 1.384 

FLOW in Gutter-CFS--Q = 0.678 
% Flow in Gutter-CFS = 84.803 

Velocity of Flow in Gutter-fps = 1.644 
Depth at Curb Line-Inches--d = 2.986 

GRATE TYPE: ADOT STD.--C15.91' 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2 -000 

Grate Area--Sq. Ft. = 5.171 
Capture Ratio - -  GRATE = 0.500 

Effective Perimeter--Ft. = 7.354 
Splash-Over Velocity--FPS = 7.354 

Local Gutter Depression-Inches = 1.000 .- 

Flow-CFS--Q = 0.800 
GUTTER FLOW at INLET-CFS--Q = 0.771 
Gutter Velocity at INLET-fps = 1.779 

Depth at INLET Curb Line-Inches--d = 3.585 

Frontal Flow Intercepted by GRATE--CFS = 0.737 
Lateral Flow Intercepted by GRATE--CFS = 0.047 
TOTAL Flow Intercepted by GRATE--CFS = 0.784 

% FLOW Intercepted = 97.939 
By-pass Flow--CFS = 0.016- 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

10-21-2004 
PROJECT NAME- RM TRACS NO. - 
HIGHWAY NAME- DESIGNER - R S R  
LOCATION -fY1,k Au-,R C' l 4 - + r ( 0  L t CHECKER - /2/BV PAGE 
Ver 3.40:  December 1995 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 
Roadway Cross-Slope-Ft./~t.--Sx = 

- Shoulder Width-Ft.-- - 
Shoulder Slope-Ft./Ft.--Ss = 

Gutter Width-Ft.--W = 
Gutter slope-~t./~t.--SW = 

Gutter Depression-Inches-- - - 
Manning's 'N = 

Flow-CFS--Q 
SPREAD-Ft.--T 

Average Velocity-V-fps 

FLOW in Gutter-CFS--Q 
% Flow in Gutter-CFS 

Velocity of Flow in Gutter-fps 
Depth at Curb Line-Inches--d 

GIiATE TYPE: ADOT STD.--C15.911 

Grate Length--Ft. 
Grate Width---Ft. 

Grate Area--Sq. Ft. 
Capture Ratio - -  GRATE 

Effective Perimeter--Ft. 
Splash-Over Velocity--FPS 

Local Gutter Depression-Inches 

Flow-CFS--Q 
GUTTER FLOW at INLET-CFS--Q 
Gutter Velocity at INLET-fps 

Depth at INLET Curb Line-Inches--d 

Frontal Flow Intercepted by GRATE--CFS 
Lateral Flow Intercepted by GRATE--CFS 
TOTAL Flow Intercepted by GRATE--CFS 

% FLOW Intercepted 
By-pass Flow--CFS 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

10-21-2004 
PROJECT NAME- RI\ TRACS NO. - 

DESIGNER - f l ~ ~  
LOCATION - Rc~atj & L C + O ~  t+ CHECKER - f lD\4 PAGE 
Ver 3.40: December 199% 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G 
Roadway Cross-Slope-Ft./Ft.--Sx 

Shoulder Width-Ft.-- 
Shoulder Slope-Ft./~t.--Ss 

Gutter Width-Ft.--W 
Gutter Slope-Ft./Ft.--Sw 

Gutter Depression-Inches-- 
Manning's IN 

Flow-CFS--Q = 0.800 - \ q J t  
SPREAD-Ft.--T = 6.567 3 B&*F 

Average Velocity-V-fps = 1.384 

FLOW in Gutter-CFS--Q = 0.678 
% Flow in Gutter-CFS = 84 -803 

Velocity of Flow in Gutter-fps = 1.644 
Depth at Curb Line-Inches--d = 2.986 

GRATE TYPE: ADOT STD.--C15.91 

Grate Length--Ft. = 3 -354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Capture Ratio - -  GRATE = 0.500 

Effective Perimeter--Ft. = 7.354 
Splash-Over Velocity--FPS = 7.354 

Local Gutter Depression-.Inches = 1.000 

Flow-CFS--Q = 0.800 
GUTTER FLOW at INLET-CFS--Q = 0.771 
Gutter Velocity at INLET-fps = 1.779 

Depth at INLET Curb Line-Inches--d = 3.585 

Frontal Flow Intercepted by GRATE--CFS = 0.737 
Lateral Flow Intercepted by GRATE--CFS = 0.047 
TOTAL Flow Intercepted by GRATE--CFS = 0.784 

% FLOW Intercepted = 97.939 
By-pass Flow--CFS = 0.016 c" 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

10-21-2004  
.PROJECT NAME- RA TRAcs No. - 

HIGHWAY NAME- DESIGNER - n s ~  
LOCATION -&I( P\,,a C IstQL L ,  CHECKER - f l P V  PAGE 
Ver 3 .40 :  December 1995  

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.312 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 8 .000 '  
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./~t.--Sw = 0.067 

Gutter Depression-Inches-- - - 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 1 .100  .Syrr  
SPREAD-Ft . - -T = 7.829.%-ax 

Average Velocity-V-fps = 1 .448  

FLOW in Gutter-CFS--Q = 0.850 
% Flow in Gutter-CFS = 77.282 

Velocity of Flow in Gutter-fps = 1.787 
Depth at Curb Line-Inches--d = 3 .289  

GRATE TYPE: ADOT STD.--C15.91 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5 . 1 7 1  
Capture Ratio - -  GRATE = 0.500 

Effective Perimeter--Ft. = 7.354 
Splash-Over Velocity--FPS = 7 .354  

Local Gutter Depression-Inches = 1.000 

Flow-CFS--Q = 1.100 
GUTTER FLOW at INLET-CFS--Q = . O m  988 
Gutter Velocity at INLET-fps = 1 .935  

Depth at INLET Curb Line-Inches--d = 3 .957  

Frontal Flow Intercepted by GRATE--CFS = 0.928 
Lateral Flow Intercepted by GRATE--CFS = 0.103 
TOTAL Flow Intercepted by GRATE--CFS = 1 . 0 3 1  

% FLOW Intercepted = 93.684 
By-pass Flow--CFS = 0.069 C- 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

10-26-2004 
PROJECT NAME- ~n TRACS NO. - 

DESIGNER - \251? 

LOCATION -/nbk R ~ t - n  T) DOaoo P+ CHECKER - ND\/ PAGE 
Ver 3.40: December 1955 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 1.972 
Roadway Cross-Slope-Ft./~t.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./Ft.--Sw = 0.037 

Gutter Depression-Inches-- = 1.998 
Manning's IN = 0.016 

Flow-CFS--Q = 2.600 - lo?r 
SPREAD-Ft.--T = 7.507- \ o - - ~ p  

Average Velocity-V-fps = 3.534 

FLOW in Gutter-CFS--Q = 2.463 
% Flow in Gutter-CFS = 94.738 

Velocity of Flow in Gutter-fps = 3.817 
2.720 Depth at Curb Line-Inches--d = 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.92 (- 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 1.762 
Local Gutter Depression-Inches = 0.000 4-- 

Length of opening: TOTAL Intercept--Ft. = 36.129 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S .D. ) Q (GRATE) Q (INT. ) Q (BY-pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - -  
5.000 0.235 0.611 1.451 2.062 0.538 79.32- 
10.000 0.442 1.149 1.142 2.291 0.309 88.11 

0.619 1.610 0.845 2 -456 0.144 94.44 
0.766 1.991 0.572 2.564 0.036 98.60 
0.880 2.288 0.311 2.599 0.001 99.95 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

10-26-2004 
PROJECT NAME- &fl TRACS NO. - 
HIGHWAY NAME- DESIGNER - I& 512 
LOCATION - P l c l <  & - & ~  \ O t o U  p+ CHECKER - PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 1.972 
Roadway Cross-Slope-Ft./~t.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./~t.--Sw = 0.037 

Gutter Depression-Inches-- - - 1.998 
Manning's IN = 0.016 

Flow-CFS--Q = 3.600"- SQp"y 
SPREAD-Ft . --T = 8.865 - l b ' & ~ r  

Average Velocity-V-fps = 3.758 

FLOW in Gutter-CFS--Q = 3.231 
% Flow in Gutter-CFS = 89.762 

Velocity of Flow in Gutter-fps = 4.211 
Depth at Curb Line-Inches--d = 3.046 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.92 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 1.240 
Local Gutter Depression-Inches = 0.000 - 

Length of opening: TOTAL Intercept--Ft. = 42.014 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S .D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

.PROJECT NmE- Rm 
HIGHWAY NAME- 
LOCATION -&k Ror,, D 1 + + 6 l  &+ 
Ver 3.40:  December 1995  

TRACS NO 
DESIGNER 
CHECKER 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.856 
Roadway Cross-Slope-Ft./~t.--Sx = 0.020 

Shoulder Width-Ft.-- = 10 .000  
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./~t.--Sw = 0.037 

Gutter Depression-Inches-- = 1 .998  
Manning's IN = 0.016 

Flow-CFS--Q = 1 . 9 0 0 - l r y r  
SPREAD-Ft . --T = 7 .  926-1d-wn 

Average Velocity-V-fps = 2.374 

FLOW in Gutter-CFS--Q = 1.772 
% Flow in Gutter-CFS = 93.284 

Velocity of Flow in Gutter-fps = 2.595 
Depth at Curb Line-Inches--d = 2.820 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD . - -C15.92 / 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5 .590  
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 0 .937  
Local Gutter Depression-Inches = 0 . 0 0 0 ~  

Length of opening: TOTAL Intercept--Ft. = 24.757 
Capture Ratio - -  SLOTTED DRAIN = 0 .670  

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D.1 Q(GRATE) Q(1NT.) Q(By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - -  

5.000 0.334 0.634 0.976 1 .610  0 .290 84.76- 
10 .000  0 .606 1 . 1 5 1  0.642 1 .793  0 .107 94.36 

0.813 1 .544 0 .346  1 . 8 9 1  0 .009 99.50 
0 .949  1 .802  0 .098  1 .900  0 .000  100 .00  
1 .000  1 .900  0 .000  1 . 9 0 0  0 .000  100 .00  



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

10-26-2004 
TRACS NO. - 

HIGHWAY NAME- DESIGNER - E44 
LOCATION -A,,\\ Q \ Y + & l  R t  CHECKER - f l D v  PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.856 
Roadway Cross-Slope-Ft./~t.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./~t.--Sw = 0.037 

Gutter Depression-Inches-- - - 1.998 
Manning's 'N = 0.016 

Flow-CFS- -Q = 2.900 - roy t  
SPREAD-Ft.--T = 9.769 - 

Average Velocity-V-fps = 2.574 

FLOW in.Gutter-CFS--Q = 2.499 
% Flow in Gutter-CFS = 86.165 

Velocity of Flow in Gutter-fps = 2.944 
Depth at Curb Line-Inches--d = 3.263 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.92' 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 0.937 
Local Gutter Depression-Inches = 0.000 ,f"' 

Length of opening: TOTAL Intercept--Ft. = 30.184 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S .D. ) Q (GRATE) Q(1NT. ) Q(By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - -  



ARIZONA DEPARTMENT OF TWSPORTATION 
DRAINAGE DESIGN SECTION 

10-26-2004 
PROJECT NAME- R f l  TRACS NO. - 
HIGHWAY NAME- DESIGNER - RSt? 
LOCATION -/%k nlz-rnb \> 1 7 + Y O  k t  CHECKER - NW PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.262 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./~t.--Sw = 0.037 

Gutter Depression-Inches-- = 1.998 
Manning's IN = 0.016 

Flow-CFS--Q = l.lOOel*~ t 
SPREAD-Ft.--T = 8.116- 

Average Velocity-V-fps = 1.324 

FLOW in Gutter-CFS--Q = 1.019 
% Flow in Gutter-CFS = 92.593 

Velocity of Flow in Gutter-fps = 1.455 
Depth at Curb Line-Inches--d = 2.866 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.92 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 1.018 
Local Gutter Depression-Inches = 0.000 

Length of opening: TOTAL Intercept--Ft. = 13.818 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D.) Q (GRATE) Q (INT. ) Q(By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - -  - - - - - - - - - -  - - - - - - -  
5.000 0.554 0.610 0.437 1.047 0.053 95.21- 
10.000 0.901 0.991 0.109 1.100 0.000 99.99 

1.000 1.100 0.000 1.100 0.000 100.00 
1.000 1.100 0.000 1.100 0.000 100.00 
1.000 1.100 0.000 1.100 0.000 100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

10-26-2004 
PROJECT NAME- R*l TRACS NO. - 
HIGHWAY NAME- DESIGNER - Q S Q  
LOCATION - CHECKER - A/DV PAGE 
Ver 3.40: December 19g5 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.262 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./~t.--Sw = 0.037 

Gutter Depression-Inches-- - - 1.998 
Manning's IN = 0.016 

Flow-CFS--Q = 1.900 -s0r /~  
SPREAD-Ft . --T = 10.576 ~ l 6 - k ~  

Average Velocity-V-fps = 1.472 

FLOW in Gutter-CFS--Q = 1.576 
% Flow in Gutter-CFS = 82.928 

Velocity of Flow in Gutter-fps = 1.710 
Depth at Curb Line-Inches--d = 3.456 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.92 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 1.219 
Local Gutter Depression-Inches = 0.000 

Length of opening: TOTAL Intercept--Ft. = 17.881 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q ( S . D . )  Q(GRATE) Q(1NT. ) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - - - - - - - - - - - -  - - - - - - - 
5.000 0.446 0.847 0.820 1.668 0.232 87.7- 
10.000 0.771 1.465 0.394 1.859 0.041 97.85 

0.963 1.829 0.071 1.900 0.000 100.00 
1.000 1.900 0.000 1.900 0.000 100.00 
1.000 1.900 0.000 1.900 0.000 100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

10-26-2004 
PROJECT NAME- R4'l TRACS NO. - 
HIGHWAY NAME- DESIGNER - @%@ 
LOCATION -M& Pomp b I 8 4 1 5  R t  CHECKER - :#D V PAGE 
Ver 3.40: December '1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G 
Roadway Cross-Slope-Ft./Ft.--SX 

Shoulder Width-Ft.-- 
Shoulder Slope-Ft./Ft.--Ss 

Gutter Width-Ft.--W 
Gutter Slope-Ft./Ft.--Sw 

Gutter Depression-Inches-- 
Manning's IN 

Flow-CFS- -Q = 0.900"Q~~ 
SPREAD-Ft . --T = 7.634 - ~ d r n a ~  

Average Velocity-V-fps = 1.192 

FLOW in Gutter-CFS--Q = 0.849 
% Flow in Gutter-CFS = 94 -308 

Velocity of Flow in Gutter-fps = 1.292 
Depth at Curb Line-Inches--d = 2.750 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.92 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 2.750 
Local Gutter Depression-Inches = 0.000 

Length of opening: TOTAL Intercept--Ft. = 12.027 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D.) Q(GRATE) Q(1NT.) Q(By-Pass) %CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - - 
5.000 0.620 0.558 0.320 0.878 0.022 97.52- 
10.000 0.959 0.863 0.037 0.900 0.000 100.00 

1.000 0.900 0.000 0.900 0.000 100.00 
1.000 0.900 0.000 0.900 0.000 100.00 

25.000 1.000 0.900 0.000 0.900 0.000 100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- &fl 
JHrGHwAy NAME- 

LOCATION - /vl;kRoaD t8.tIS 1 % ~  
Ver 3.40 : December 1995 

TRACS NO. - 
DESIGNER - 
CHECKER - 

.- . 
fiPv PAGE 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.222 
Roadway Cross-Slope-Ft./~t.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 4.500 
Gutter.Slope-Ft./Ft.--Sw = 0.037 

Gutter Depression-Inches-- = 1.998 
Manning's IN = 0.016 

Flow-CFS--Q = 1.400 - 4 0 y r  
SPREAD-Ft.--T = 9.525 - ~U\-\P 

Average Velocity-V-fps = 1.297 

FLOW in Gutter-CFS--Q = 1.220' 
% Flow in Gutter-CFS = 87.119 

Velocity of Flow in Gutter-fps = 1.475 
Depth at Curb Line-Inches--d = 3.204 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.92 

Grate Length- -Ft . = - 3 -350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 0.835 
Local Gutter Depression-Inches = 0.000 

Length of opening: TOTAL Intercept--Ft. = 14.782 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S.D.) Q(GRATE) Q (INT. ) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  ------A - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - - 
5.000 0.524 0.734 0.567 1.302 0.098 92.97- 
10.000 0.869 1.216 0.182 1.398 0.002 99.86 

1.000 1.400 0.000 1.400 0.000 100.00 
1.000 1.400 0.000 1.400 0.000 100.00 

25.000 1.000 1.400 0.000 1.400 0.000 100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- R/vr 
HIGHWAY NAME- 
LOCATION - m n  l e t 7 3  R +  
Ver 3 .40 :  December 19b5- 

TRACS NO 
DESIGNER 
CHECKER 

P 5 R  ,~/n\/ PAGE 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0 .222  
Roadway Cross-Slope-Ft./~t.--Sx = 0.020 

Shoulder Width-Ft.-- = 10 .000  
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./Ft.--Sw = 0.037 

Gutter Depression-Inches-- = 1 .998  
Manning's IN = 0 .016  

Flow-CFS--Q = 0.700 hLO,yr 
SPREAD-Ft.--T = 6.658 -10-e,y 

Average Velocity-V-fps = 1 .137  

FLOW in Gutter-CFS--Q = 0 . 6 8 1  
% Flow in Gutter-CFS = 97.293 

Velocity of Flow in Gutter-fps = 1 .197  
Depth at Curb Line-Inches--d = 2.516 

GRATE TYPE: ADOT STD.--C15.92 ( 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2 .000  

Grate Area--Sq. Ft. = 5.590 
Capture Ratio - -  GRATE = 0 .500  

Effective Perimeter--Ft. = 7 .350  
Splash-Over Velocity--FPS = 7.350 

Local Gutter Depression-Inches = O.OOO.@- 

Flow-CFS--Q = 0.700 
GUTTER FLOW at INLET-CFS--Q = 0 . 6 8 1  
Gutter Velocity at INLET-fps = 1 .197  

Depth at INLET Curb Line-Inches--d = 2.516 

Frontal Flow Intercepted by GRATE--CFS = 0.475 
Lateral Flow Intercepted by GRATE--CFS = 0.117 
TOTAL Flow Intercepted by GRATE--CFS = 0.592 

% FLOW Intercepted = 84.507 
By-pass Flow--CFS = 0.108&--= 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

10-26-2004 
PROJECT NAME- R f l  TRACS NO. - 
HIGHWAY NAME- DESIGNER - RSQ 
LOCATION -hLk \h-e  a 1 b * l 5  I?+ CHECKER - n/av PAGE 
Ver 3.40: December 1g95 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.222 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--SS = 0.020 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./Ft.--Sw = 0.037 

Gutter Depression-Inches-- = 1.998 
Manning's IN = 0.016 

F~OW-CFS--Q = 1.000 - r q j ~  
SPREAD-Ft.--T = 8.064 - to"U-F 

Average Velocity-V-fps = 1.216 

FLOW in Gutter-CFS--Q = 0.928 
% Flow in Gutter-CFS = 92 -784 

Velocity of Flow in Gutter-fps = 1.334 
Depth at Curb Line-Inches--d = 2.853 

GRATE TYPE: ADOT STD.--C15.92 - 
Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Capture Ratio - -  GRATE = 0.500 

Effective perimeter--Ft. = 7.350 
Splash-Over Velocity--FPS = 7.350 

0.000 - Local Gutter Depression-Inches = 

Flow-CFS--Q = 1.000 
GUTTER FLOW at INLET-CFS--Q = 0.928 
Gutter Velocity at INLET-fps = 1.334 

Depth at INLET Curb Line-Inches--d = 2.853 

Frontal Flow Intercepted by GRATE--CFS = 0.609 
Lateral Flow Intercepted by GRATE--CFS = 0,179 
TOTAL Flow Intercepted by GRATE--CFS = 0.788 

% FLOW Intercepted = 78.798 
By-pass Flow--CFS = 0.212 &--- 



APPENDIX D 

CATCH BASIN DESIGN 

Brown Road Ramps A-D Catch Basin Calculations 



- -- 

ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- TRACS NO. - 
HIGHWAY NAME- DESIGNER - 
LOCATION - I th \&QW f i  6 4 2 %  L.f CHECKER - 
Ver 3.40: December 1g95 

2SR 
J V ~ V  PAGE 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G 
Roadway Cross-Slope-Ft./Ft.--Sx 

Shoulder Width-Ft . - - 
Shoulder Slope-Ft./Ft.--Ss 

Gutter Width-Ft.--W 
Gutter Slope-Ft./~t.--Sw 

Gutter Depression-Inches-- 
Manning's IN 

Flow-CFS--Q = 0. 800 -iQ  y,r 
SPREAD-Ft.--T = 6.777 - 'b-4, 

Average Velocity-V-fps = 1.320 

FLOW in Gutter-CFS--Q = 0.668 
% Flow in Gutter-CFS = 83.544 

Velocity of Flow in Gutter-fps = 1.579 
Depth at Curb Line-Inches--d = 3.036 

GRATE TYPE: ADOT STD.--C15.91 0 

Grate Length--Ft. = 3 -354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Capture Ratio - -  GRATE = 0.500 

Effective Perimeter--Ft. = 7.354 
Splash-Over Velocity--FPS = 7.354 

Local Gutter Depression-Inches = 1.000 - 
Flow-CFS--Q = 0.800 

GUTTER FLOW at INLET-CFS--Q = 0.763 
Gutter Velocity at INLET-fps = 1.710 

Depth at INLET Curb Line-Inches--d = 3.647 

Frontal Flow Intercepted by GRATE--CFS = 0.727 
Lateral Flow Intercepted by GRATE--CFS = 0.053 
TOTAL Flow Intercepted by GRATE--CFS = 0.780 

% FLOW Intercepted = 97.546 
By-pass Flow--CFS = 0.020 a-- 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

.PROJECT NAME- K@ 
HIGHWAY NAME- 
LOCAT I ON - R d a  A 6 + 2 f l  L +  
Ver 3.40: December 1995 

TRACS NO. - 
DESIGNER - 
CHECKER - 

R st? 
A / ~ V  PAGE 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 
Roadway Cross-Slope-Ft./Ft.--Sx = 

Shoulder Width-Ft.-- = 
Shoulder Slope-Ft./Ft.--Ss = 

Gutter Width-Ft.--W = 
Gutter Slope-Ft./Ft.--Sw = 

Gutter Depression-Inches-- = 
Manning's IN = 

Flow-CFS--Q = 1.100-d"yf 
SPRmD-Ft.--T = 8.054 ' ' 3 ~ " f  " " 6  

Average Velocity-V-fps = 1.383 

FLOW in Gutter-CFS--Q = 0.836 
& Flow in Gutter-CFS = 75.974 

Velocity of Flow in Gutter-fps = 1.716 
Depth at Curb Line-Inches--d = 3.343 

GRATE TYPE: ADOT STD.--C15.91- 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Capture Ratio --  GRATE = 0.500 

Effective Perimeter--Ft. = 7.354 
Splash-Over Velocity--FPS = 7.354 

Local Gutter Depression-Inches = 1.000- 

Flow-CFS--Q = 1.100 
GUTTER FLOW at INLET-CFS--Q = 0.974 
Gutter Velocity at INLET-fps = 1.858 

Depth at INLET Curb Line-Inches--d = 4.021 

Frontal Flow Intercepted by GRATE--CFS = 0.912 
Lateral Flow Intercepted by GRATE--CFS = 0.113 
TOTAL Flow Intercepted by GRATE--CFS = 1.024 

% FLOW Intercepted = 93.117 
By-pass Flow--CFS = 0.076 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

11-04-2004 
TRACS NO. - 

HIGHWAY NAME- DESIGNER - i?sR ,.-. . 
LOCATION -&an Rc+-6, A 6 t 0 S  L t  CHECKER - p.~fiv PAGE 
Ver 3.40: December ?995 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 
Roadway Cross-Slope-Ft./Ft.--Sx = 

Shoulder Width-Ft.-- = 
Shoulder Slope-Ft./Ft.--Ss = 

Gutter Width-Ft.--W = 
Gutter Slope-Ft./~t.--Sw = 

Gutter Depression-Inches-- = 
Manning's IN = 

Flow-CFS--Q = 0.800-~orr 
SPREAD-Ft.--T = 6.777 - %'max 

Average Velocity-V-fps = 1.320 

FLOW in Gutter-CFS--Q = 0.668 
% Flow in Gutter-CFS = 83.544 

Velocity of Flow in Gutter-fps = 1.579 
Depth at Curb Line-Inches--d = 3.036 

GRATE TYPE: ADOT STD.--C15.91 / 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Capture Ratio - -  GRATE = 0.500 

Effective Perimeter--Ft. = 7.354 
Splash-Over Velocity--FPS = 7.354 

Local Gutter Depression-Inches = 1.000- 

Flow-CFS--Q = 0.800 
GUTTER FLOW at INLET-CFS--Q = 0.763 
Gutter Velocity at INLET-fps = 1.710 

Depth at INLET Curb Line-Inches--d = 3.647 

Frontal Flow Intercepted by GRATE--CFS = 0.727 
Lateral Flow Intercepted by GRATE--CFS = 0.053 
TOTAL Flow Intercepted by GRATE--CFS = 0.780 

% FLOW Intercepted = 97.546 
By-pass Flow--CFS = 0.020 



ARIZONA DEPARTMENT OF TFLANSPORTATION 
DRAINAGE DESIGN SECTION 

11-04-2004 
PROJECT NAME- i(fi TRACS NO. - 
HIGHWAY NAME- DESIGNER - RSR 
LOCAT I ON - s t *  ~ C P - + D A  h t B S  L+ CHECKER - AID// PAGE 
Ver 3.40: December 19'95 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 
Roadway Cross-Slope-Ft./Ft.--Sx = 

Shoulder Width-Ft.-- = 
Shoulder Slope-Ft./Ft.--Ss = 

Gutter Width-Ft.--W = 
Gutter Slope-Ft./Ft.--Sw = 

Gutter Depression-Inches-- = 
Manning's IN = 

Flow-CFS--Q = 1.100- g y ~ ~  
SPREAD-Ft.--T = 8.054 - 8 -A)( o h  

Average Velocity-V-fps = 1.383 

FLOW in Gutter-CFS--Q = 0.836 
% Flow in Gutter-CFS = 75.974 

Velocity of Flow in Gutter-fps = 1.716 
Depth at Curb Line-Inches--d = 3.343 

GRATE TYPE: ADOT STD.--C15.91 - 
Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Capture Ratio - -  GRATE = 0.500 

Effective Perimeter--Ft. = 7.354 
Splash-Over Velocity--FPS = 7.354 

Local Gutter Depression-Inches = 1.000'-- 

Flow-CFS--Q = 1.100 
GUTTER FLOW at INLET-CFS--Q = 0.974 
Gutter Velocity at INLET-fps = 1.858 

Depth at INLET Curb Line-Inches--d = 4.021 

Frontal Flow Intercepted by GRATE--CFS = 0.912 
Lateral Flow Intercepted by GRATE--CFS = 0.113 
TOTAL Flow Intercepted by GRATE--CFS = 1.024 

% FLOW Intercepted = 93.117 
By-pass Flow--CFS = 0.076 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

03 -24-2005 
PROJECT NAME- ((m TRACS NO. - 
HIGHWAY NAME- DESIGNER - I ~ P  
LOCATION - R u 4 d  A 7 ~ 9 1  CHECKER - A)DV PAGE 
Ver 3.40: Dec%er 1995 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.280 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./F't.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- = 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 0.800 
SPREAD-Ft.--T = 6.777 

Average Velocity-V-fps = 1.320 

FLOW in Gutter-CFS--Q = 0.668 
% Flow in Gutter-CFS = 83.544 

Velocity of Flow in Gutter-fps = 1.579 
Depth at Curb Line-Inches--d = 3.036 

GRATE TYPE: ADOT STD.--C15.91 

Grate Length--Ft . = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Capture Ratio - -  GRATE = 0.500 

Effective Perimeter--Ft. = 7.354 
Splash-Over Velocity--FPS = 7.354 

Local Gutter Depression-Inches = 1.000 

Flow-CFS- -Q = 0.800 
GUTTER FLOW at INLET-CFS--Q = 0.763 
Gutter Velocity at INLET-fps = 1.710 

Depth at INLET Curb Line-Inches--d = 3.647 

Frontal Flow Intercepted by GRATE--CFS = 0.727 
Lateral Flow Intercepted by GRATE--CFS = 0.053 
TOTAL Flow Intercepted by GRATE--CFS = 0.780 

% FLOW Intercepted = 97.546 
By-pass Flow--CFS = 0.020 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

03-24-2005  
PROJECT NAME- R f i  TRACS N0.- 
HI GHWAY NAME - DESIGNER - 195R 
LOCAT ION - btn Rom~ d 7+4 1 CHECKER - PAGE 
Ver 3.40: December 1995 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.280 
Roadway Cross-Slope-Ft./~t.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./~t.--Sw = 0.067 

Gutter Depression-Inches-- = 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 1.100 
SPREAD-Ft.--T = 8.054 

Average Velocity-V-fps = 1.383 

FLOW in Gutter-CFS--Q = 0.836 
% Flow in Gutter-CFS = 75.974 

Velocity of Flow in Gutter-fps = 1.716 
Depth at Curb Line-Inches--d = 3.343 

GRATE TYPE: ADOT STD.--C15.91 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Capture Ratio - -  GRATE = 0.500 

Effective Perimeter--Ft. = 7.354 
Splash-Over Velocity--FPS = 7.354 

Local Gutter Depression-Inches = 2.000 

Flow-CFS--Q = 1.100 
GUTTER FLOW at INLET-CFS--Q = 0.974 
Gutter Velocity at INLET-fps = 1.858 

Depth at INLET Curb Line-Inches--d = 4.021 

Frontal Flow Intercepted by GRATE--CFS = 0.912 
Lateral Flow Intercepted by GRATE--CFS = 0.113 
TOTAL Flow Intercepted by GRATE--CFS = 1.024 

% FLOW Intercepted = 93.117 
By-pass Flow--CFS = 0.076 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

11-03-2004 
PROJECT NAME- R f l  TRACS NO. - 
HIGHWAY NAME- DESIGNER - RsR 
LOCAT I ON L m n  B+Ob L t CHECKER - PAGE 
Ver 3.40: ~ece-her 1995 

.- 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 
Roadway Cross-Slope-Ft./~t.--Sx = 

Shoulder Width-Ft.-- = 
Shoulder Slope-Ft./~t.--Ss = 

Gutter Width-Ft.--W = 
Gutter Slope-Ft./~t.--Sw = 

Gutter Depression-Inches-- = 
Manning's IN = 

FLOW-CFS--Q = 1.060~~~,Y' 
SPREAD-Ft. --T = 7.901- 8--*y 

Average Velocity-V-fps = 1.375 

FLOW in Gutter-CFS--Q = 0.815 
% Flow in Gutter-CFS = 76.863 

Velocity of Flow in Gutter-fps = 1.700 
Depth at Curb Line-Inches--d = 3.306 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91 

Grate Length--Ft . = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 3.977 
Local Gutter Depression-Inches = 1.000 

Length of opening: TOTAL Intercept--Ft. = 7.877 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q ( S . D . )  Q(GRATE) Q(1NT.) Q(By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - - - - - - - -  - -  - - - - - - -  - - - - - - - - - -  - - - - - - -  
5.000 0.837 0.887 0.173 1.060 0.000 lOO.OOa--- 
10.000 1.000 1.060 0.000 1.060 0.000 100.00 

1.000 1.060 0.000 1.060 0.000 100.00 
1.000 1.060 0.000 1.060 0.000 100.00 
1.000 1.060 0.000 1.060 0.000 100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

11-03-2004 
@PROJECT NAME- RA TRAcs No. - 

HIGHWAY NAME- DESIGNER - f i ~ l ?  
LOCATION - Q P ~  Rm-n A e+Ob L +  CHECKER - /2/DV PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 
Roadway Cross-Slope-Ft./Ft.--Sx = 

Shoulder Width-Ft.-- = 
Shoulder Slope-Ft./Ft.--Ss = 

Gutter Width-Ft.--W = 
Gutter Slope-Ft./Ft.--Sw = 

Gutter Depression-Inches-- = 
Manning's IN = 

Flow-CFS--Q = 1.500 -Soy r 
SPREAD-Ft . - -T . = 9.402 - lu-k)(  

Average Velocity-V-fps = 1.455 

FLOW in Gutter-CFS--Q = 1.029 
% Flow in Gutter-CFS = 68.614 

Velocity of Flow in Gutter-fps = 1.856 
Depth at Curb Line-Inches--d = 3.666 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 4.394 
Local Gutter Depression-Inches = 1.000 

Length of opening: TOTAL Intercept--Ft. = 9.568 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D.) Q(GRATE) Q(INT.) Q(By-Pass) %CAPT. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

11-03-2004 
TRACS NO. - 

HIGHWAY NAME- DESIGNER - RsR 
LOCAT I ON - a t h  RWmb R I Q + O Q  d +  CHECKER - A/DV PAGE 
Ver 3.40: December 19195 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 
Roadway Cross-Slope-Ft./~t.--Sx = 

Shoulder Width-Ft.-- = 
Shoulder Slope-Ft./~t.--Ss = 

Gutter Width-Ft.--W = 
Gutter Slope-Ft./Ft.--Sw = 

Gutter Depression-Inches-- = 
Manning's IN = 

Flow-CFS--Q = 1.500-1q1~ 
SPREAD-Ft . --T = 7.781 -%-e--$ 

Average Velocity-V-fps = 1.994 

FLOW in Gutter-CFS--Q = 1.164 
% Flow in Gutter-CFS = 77.591 

Velocity of Flow in Gutter-fps = 2.458 
Depth at Curb Line-Inches--d = 3.278 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91 A 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 3.942 
Local Gutter Depression-Inches = 1.000 /- 

Length of opening: TOTAL Intercept--Ft. = 11.382 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D.1 Q(GRATE) Q(1NT.) Q(By-Pass) %CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - -  



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

11-03-2004 
PROJECT NAME- Rn TRACS NO. - 
HIGHWAY NAME- DESIGNER - ~ ~ 1 3  
LOCAT I ON - %ru\ \ L a b  A I O - t O P  L + CHECKER - A / ~ ~  PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 
Roadway Cross-Slope-Ft./~t.--Sx = 

Shoulder Width-Ft.-- = 
Shoulder Slope-Ft./~t.--Ss = 

Gutter Width-Ft.--W = 
Gutter Slope-Ft./~t.--Sw = 

Gutter Depression-Inches-- = 
Manning's IN = 

Flow-CFS--Q = 2 .200-SOY c' 
SPREAD-Ft.--T = 9.430 - \ \ ' - - ~ x  

Average Velocity-V-fps = 2.123 

FLOW in Gutter-CFS--Q = 1.506 
% Flow in Gutter-CFS = 68.464 

Velocity of Flow in Gutter-fps = 2.710 
Depth at Curb Line-Inches--d = 3.673 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91- 

Grate Length--Ft. = 3 -354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 4.402 
Local Gutter Depression-Inches = 1 . 0 0 0 ~  

Length of opening: TOTAL Intercept--Ft. = 14.099 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D.) Q(GRATE) Q(1NT.) Q(By-Pass) % CAPT. 
- - - - - - - - - - - - - - - -  - - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - -  



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

1 1 - 0 3 - 2 0 0 4  
PROJECT NAME- RM TRACS NO. - 

DESIGNER - R ~ I ?  HIGHWAY NAME- 
LOCATION - a t -  R ~ - r s  A 
Ver 3 . 4 0 :  December 1 9 9 5  

- 

I \G+-o< L+ CHECKER - /VDV PAGE 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 
Roadway Cross-Slope-Ft./~t.--Sx = 

Shoulder Width-Ft.-- = 
Shoulder Slope-Ft./~t.--Ss = 

Gutter Width-Ft.--W = 
Gutter Slope-Ft./Ft.--Sw = 

Gutter Depression-Inches-- = 
Manning's 'N = 

Flow-CFS--Q = 2.200-1o7r  
SPREAD-Ft.--T = 7 . 8 5 5  - $ - k f i  

Average Velocity-V-fps = 2 . 8 8 0  

FLOW in Gutter-CFS--Q = 1 . 6 9 8  
% Flow in Gutter-CFS = 7 7 . 1 6 4  

Velocity of Flow in Gutter-fps = 3 . 5 5 8  
Depth at Curb Line-Inches--d = 3 . 2 9 5  

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91' 

Grate Length--Ft. = 3 . 3 5 4  
Grate Width---Ft. = 2 . 0 0 0  

Grate Area--Sq. Ft. = 5 . 1 7 1  
Splash-Over Velocity--FPS = 7 . 3 5 4  

Depth at INLET Curb Line-Inches--d = 3 . 9 6 3  
Local Gutter Depression-Inches = 1 .000-  

Length of opening: TOTAL Intercept--Ft. = 1 6 . 6 8 0  
Capture Ratio - -  SLOTTED DRAIN = 0 . 6 7 0  

Capture Ratio - -  GRATE = 0 . 5 0 0  

LENGTH Efficiency Q(S.D.) Q(GRATE) Q(1NT.) Q(By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - - 7 - - - - - -  - - - - - - - - - -  - - - - - - - 

5 . 0 0 0  0 . 4 7 3  1 . 0 4 2  1 . 1 4 6  2 . 1 8 8  0 . 0 1 2  99.44- 
1 0 . 0 0 0  0 . 8 0 7  1 . 7 7 6  0 .424  2 . 2 0 0  0 . 0 0 0  1 0 0 . 0 0  

0 . 9 8 4  2 . 1 6 5  0 .035  2 . 2 0 0  0 .000  1 0 0 . 0 0  
1 . 0 0 0  2 . 2 0 0  0 . 0 0 0  2 . 2 0 0  0 .000  1 0 0 . 0 0  
1 . 0 0 0  2 . 2 0 0  0 . 0 0 0  2 . 2 0 0  0 .000 1 0 0 . 0 0  



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

11-03-2004 
PROJECT NAME- Rr)  TRACS NO. - 
HIGHWAY NAME- DESIGNER - -4 
LOCATION - OPM L v n h  f l  135.05 L f  CHECKER - Nj3v PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 1.233 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 8.000 
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./~t.--Sw = 0.067 

Gutter Depression-Inches-- = 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 3.200 - S6,yr 
SPREAD-Ft.--T = 9.474 - '4-%% 

Average Velocity-V-fps = 3.064 

FLOW in Gutter-CFS--Q = 2.184 
% Flow in Gutter-CFS = 68.241 

Velocity of Flow in Gutter-fps = 3.913 
Depth at Curb Line-Inches--d = 3.684 

SLOTTED DRAIN--ADOT STD.--C13.60 
GFLATE TYPE: ADOT STD.--C15.91A 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 4.414 
Local Gutter Depression-Inches = 1.000- 

Length of opening: TOTAL Intercept--Ft. = 20.575 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S .D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

11-03-2004 

PROJECT NAME - p~ TRACS NO. - 
HIGHWAY NAME- DESIGNER - $.;P 
LOCATION -%\a k - , n  A \&- tOo L ) .  CHECKER - NDV PAGE 
Ver 3.40: December 19'95 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 1.327 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./Ft.--Sw = 0.037 

Gutter Depression-Inches-- = 1.998 
Manning's IN = 0.016 

Flow-CFS--Q = 3.500-lorr 
SPREAD-Ft.--T = 9.626 - lo-"-f 

Average Velocity-V-fps = 3.185 

FLOW in Gutter-CFS--Q = 3.036 
% Flow in Gutter-CFS = 86.739 

Velocity of Flow in Gutter-fps = 3.631 
Depth at Curb Line-Inches--d = 3.228 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.92 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 1.646 
Local Gutter Depression-Inches = 0.000 

Length of opening: TOTAL Intercept--Ft. = 37.190 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S.D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - - - - - - - - - -  - - - - - - A  - - - - - - - - - -  - - - - - - -  
5.000 0.229 0.801 1.743. 2.544 0.956 72.70 
10.000 0.431 1.508 1.406 2.915 0.585 83.27 

0.605 2.118 1.070 3.189 0.311 91.10 
0.751 2.627 0.744 3.371 0.129 96.32 
0.866 3.030 0.450 3 -480 0.020 99.44- 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

11-03-2004 
TRACS NO. - 

HIGHWAY NAME- DESIGNER - ~ ~ 1 7  
LOCATION - D F ~ I  R--a /# 1t-t 06 AT CHECKER - /2/DV PAGE 
Ver 3.40:  ~ecember 1995  

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 1 .327  
Roadway Cross-Slope-Ft./~t.--Sx = 0 .020  

Shoulder Width-Ft.-- = 10 .000  
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./Ft.--Sw = 0.037 

Gutter Depression-Inches-- = 1 .998  
Manning's 'N = 0.016 

Flow-CFS--Q = 4.900-5qY'  
SPREAD-Ft.--T = 1 1 . 2 5 2 - ' 6 - ~  

Average Velocity-V-fps = 3.407 

FLOW in Gutter-CFS--Q = 3.932 
% Flow in Gutter-CFS = 80.255 

Velocity of Flow in Gutter-fps = 4.003 
Depth at Curb Line-Inches--d = 3 .618  

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.92 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 1 .557  
Local Gutter Depression-Inches = 0.000 

Length of opening: TOTAL Intercept--Ft. = 43 .672  
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D.) Q (GRATE) Q (INT.) Q(By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - - - - - - - - - -  - - - - - - - - - - - - - - - - -  

5 .000  0 .197  0.963 2 - 2 4 9  3 .212 1 . 6 8 8  65.55 
10 .000  0.374 1 .832  1 . 9 0 3  3 .735  1 . 1 6 5  - 76.22 

0 . 5 3 1  2 .603 1 .558  4 .160 0 .740 84.90 . 
0.668 3 .273 1 .212  4 .485  0 .415  91.52 - ,: 
0.783 3.838 0 .870  4 .708  0 .192 96.09-  



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

11-03-2004 @ PROJECT NAME- RM TRACS NO. - 
HIGHWAY NAME- DESIGNER - 3 5 ~  
LOCATION - ~~oL,L% a 0 + 2 \  fit CHECKER - /t/DV PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.251 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

shoulder width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./~t.--Sw = 0.037 

Gutter Depression-Inches-- - 1.998 
Manning's IN = 0.016 

Flow-CFS--Q = 1.100 = ) O y  
SPREAD-~t.--T = 8.199 - \ o ' - w  

Average Velocity-V-fps = 1.303 

FLOW in Gutter-CFS--Q = 1.015 
% Flow in Gutter-CFS = 92.284 

Velocity of Flow in Gutter-fps = 1.435 
Depth at Curb Line-Inches--d = 2.886 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.92 A 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 0.610 
Local Gutter Depression-Inches = 0.000 

Length of opening: TOTAL Intercept--Ft. = 13.664 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S. D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - - - - - - - - -  - - - - - - - - - - - - - - - - - -  --...---- 

5.000 0.560 0.616 0.433 1.048 0.052 95.32- 
10.000 0.906 0.997 0.103 1.100 0.000 100.00 

1.000 1.100 0.000 1.100 0.000 100.00 
1.000 1.100 0.000 1.100 0.000 100.00 

25.000 1.000 1.100 0.000 1.100 0.000 100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

11-03-2004 1 @PROJECT NAME- tw Tmcs No. - 
I 

HIGHWAY NAME- DESIGNER - @s/? 
I LOCATION - K Rwmh R %-kc&\ \ ' S t  CHECKER - AjDV PAGE 

Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.251 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft . --W = 4.500 
Gutter Slope-Ft./Ft.--Sw = 0.037 

Gutter Depression-Inches-- = 1.998 
Manning's IN = 0.016 

Flow-CFS--Q = 1 .600u 50yf 
SPREAD-~t.--T = 9.851 - 1  0 -&r 

Average Velocity-V-fps = 1.400 

FLOW in Gutter-CFS--Q = 1.373 
% Flow in Gutter-CFS = 85.808 

Velocity of Flow in Gutter-fps = 1.603 
Depth at Curb Line-Inches--d = 3 -282 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.92 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 0.000 
Local Gutter Depression-Inches = 0.000 - 

Length of opening: TOTAL Intercept--Ft. = 16.296 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH ~fficiency Q(s.D.) Q(GRATE) Q(1NT.l Q(By-Pass) %CAPT. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

11-02-2004 
PROJECT NAME- Rr\ TRACS NO. - 

DESIGNER - RSR 
LOCATION - 9 + \ 5  R t  CHECKER - IVDV PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GFLATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.251 
Roadway Cross-Slope-Ft./~t.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-~t./~t.--Ss = 0.020 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./Ft.--Sw = 0.037 

Gutter Depression-Inches-- = 1.998 
Manning's IN = 0.016 

Flow-CFS--Q = 1.100 1\02'  
SPREAD-Ft.--T = 8.199 - 6 d a f  

Average Velocity-V-fps = 1.303 

FLOW in Gutter-CFS--Q = 1.015 
% Flow in Gutter-CFS = 92.284 

Velocity of Flow in Gutter-fps = 1.435 
Depth at Curb Line-Inches--d = 2.886 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.92 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 3.351 
Local Gutter Depression-Inches = 0.000 

Length of opening: TOTAL Intercept--Ft. = 13.664 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S  .D. ) Q (GFLATE) Q (INT. ) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - A -  - - - - - - -  - - - - - - - -  - - - - - - -  - - - - - - - - - -  - - - - - - -  
5.000 0.. 560 0.616 0.433 1.048 0.052 95.32 
10.000 0.906 0.997 0.103 1.100 0.000 100.00 

1.000 1.100 0.000 1.100 0.000 100.00 
1.000 1.100 0.000 1.100 0.000 100.00 
1.000 1.100 0.000 1.100 0.000 100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- Rfi 
HIGHWAY NAME- 
LOCATION - htv\ A e a n  % 9t.\< Re 
Ver 3.40: December 1995 

TRACS NO 
DESIGNER 
CHECKER 

2si7 
fl/'Dv PAGE 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.251 
Roadway Cross-Slope-Ft./~t.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./~t.--Sw = 0.037 

Gutter Depression-Inches-- = 1.998 
Manning's 'N = 0.016 

Flow-CFS--Q = 1.500 - s y j c  
SPREAD-Ft.--T = 9.554 - )Q-th> 

Average Velocity-V-fps = 1.383 

FLOW in Gutter-CFS--Q = 1.305 
% Flow in Gutter-CFS = 87.003 

Velocity of Flow in Gutter-fps = 1.573 
Depth at Curb Line-Inches--d = 3.211 

SLOTTED DRAIN--ADOT STD.-dC13.60 
GRATE TYPE: ADOT STD.--C15.92 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 1.203 
Local Gutter Depression-Inches = 0.000 

Length of opening: TOTAL Intercept--Ft. = 15.805 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D.) Q(GRATE) Q(1NT.) Q(By-Pass) %CAPT. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

11-02-2004 
TRACS NO. - 

HIGHWAY NAME- DESIGNER - \1SQ 
LOCATION - R T ~ ,  R e * &  Ib I"o%QQ Pt- CHECKER - A / D ~  PAGE 
Ver 3.40: December 1995 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.251 
Roadway Cross-Slope-Ft./~t.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./~t.--Sw = 0.037 

Gutter Depression-Inches-- - - 1.998 
Manning's IN = 0.016 

Flow-CFS--Q = 0.400 - Lo )t 
SPREAD-Ft.--T = 4.516 - dpo-p 

Average Velocity-V-fps = 1.064 

FLOW in Gutter-CFS--Q = 0.400 
% Flow in Gutter-CFS = 100.000 

Velocity of Flow in Gutter-fps = 1.064 
Depth at Curb Line-Inches--d = 2.002 

GRATE TYPE: ADOT STD.--C15.92'- 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Capture Ratio - -  GRATE = 0.500 

Effective Perimeter--Ft. = 7.350 
Splash-Over Velocity--FPS = 7.350 

Local Gutter Depression-Inches = 0.000 ' 
Flow-CFS--Q = 0.400 

GUTTER FLOW at INLET-CFS--Q = 0.400 
Gutter Velocity at INLET-fps = 1.064 

Depth at INLET Curb Line-Inches--d = 2.002 

Frontal Flow Intercepted by GRATE--CFS = 0.316 
Lateral Flow Intercepted by GRATE--CFS = 0.050 
TOTAL Flow Intercepted by GRATE--CFS = 0.366 

% FLOW Intercepted = 91.489 
By-pass Flow--CFS = 0.034- 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

11-02-2004 
@PROJECT NAME- ((JI TRAcs No. - 

HIGHWAY NAME- DESIGNER - R5l% 
LOCAT I ON - 10+OQ P.t CHECKER - /l/'~v PAGE 
Ver 3.40: Dec 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.251 
Roadway Cross-Slope-Ft./~t.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./~t.--Sw = 0.037 

Gutter Depression-Inches-- = 1.998 
Manning's IN = 0.016 

Flow-CFS--Q = 0. 500 +lO,yr 
SPREAD-Ft.--T = 5.241 "\O-UY, 

Average Velocity-V-fps = 1.119 

FLOW in Gutter-CFS--Q = 0.499 
% Flow in Gutter-CFS = 99.789 

Velocity of Flow in Gutter-fps = 1.131 
Depth at Curb Line-Inches--d = 2.176 

GRATE TYPE: ADOT STD.--C15.92 ' 
Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Capture Ratio - -  GRATE = 0.500 

Effective Perimeter--Ft. = 7.350 
Splash-Over Velocity--FPS = 7.350 

Local Gutter Depression-Inches = O.OOO1 

Flow-CFS--Q = 0.500 
GUTTER FLOW at INLET-CFS--Q = 0.499 
Gutter Velocity at INLET-fps = 1.131 

Depth at INLET Curb Line-Inches--d = 2.176 

Frontal Flow Intercepted by GRATE--CFS = 0.376 
Lateral Flow Intercepted by GRATE--CFS = 0.069 
TOTAL Flow Intercepted by GRATE--CFS = 0.445 

% FLOW Intercepted = 88.998 
By-pass Flow--CFS = 0.055- 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- Rm 
HIGHWAY NAME- 
LOCATION - '\Rra Remn \\t-U7 L t 
Ver 3.40: December 1995 

TRACS NO 
DESIGNER 
CHECKER 

85 R 
NDV PAGE 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 1.242 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.010 

Shoulder Width-Ft.-- = 8.000 
Shoulder Slope-Ft./Ft.--Ss = 0.010 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.021 

Gutter Depression-Inches-- - - 0.630 
Manning's IN = 0.016 

Flow-CFS--Q = 0.600 -1QYv 
SPREAD-Ft.--T = 7.974 - \o'-c+ 

Average Velocity-V-fps = 1.649 

FLOW in Gutter-CFS--Q = 0.420 
% Flow in Gutter-CFS = 69.967 

Velocity of Flow in Gutter-fps = 2.019 
Depth at Curb Line-Inches--d = 1.313 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91 ' 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 1.968 
Local Gutter Depression-Inches = 1.000 ' 

Length of opening: TOTAL Intercept--Ft. = 13.591 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S .D. ) Q (GRATE) Q (INT. ) Q (By-Pass) 8 CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - - - - - - - - - - - -  - - - - - - - 
5.000 0.562 0.337 0.263 0.600 0.000 1OO.OOW 
10.000 0.909 0.545 0.055 0.600 0.000 100.00 

1.000 0.600 0.000 0.600 0.000 100.00 
1.000 0.600 0.000 0.600 0.000 100.00 
1.000 0.600 0.000 0.600 0.000 100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

11 -02 -2004  
TRACS NO. - 

HIGHWAY NAME- DESIGNER - acr? -- -- , ,#.. 
LOCATION -bee R o - a  3 ll.tQ3 L f  CHECKER - PAGE 
Ver 3.40: December 1995  

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 1 .242  
Roadway Cross-Slope-Ft./Ft.--Sx = 0.010 

Shoulder Width-Ft.-- = 8.000 
Shoulder Slope-Ft./Ft.--Ss = 0.010 

Gutter Width-Ft.--W = 2 .500  
Gutter Slope-Ft./Ft.--Sw = 0 . 0 2 1  

Gutter Depression-Inches-- = 0 .630  
Manning's IN = 0 .016  

Flow-CFS--Q = 0 .900-5@~E 
SPREAD-Ft . - -T = 9.476 -\OM, 

Average Velocity-V-fps = 1 .800  

FLOW in Gutter-CFS--Q = 0 .556  
% Flow in Gutter-CFS = 61.807 

Velocity of Flow in Gutter-fps = 2.252 
Depth at Curb Line-Inches--d = 1 . 5 0 1  

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91 

Grate Length--Ft. = 3 -354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5 . 1 7 1  
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 2 . 2 2 3  
Local Gutter Depression-Inches = 1 .000  

Length of opening: TOTAL Intercept--Ft. = 16 .907  
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D.1 Q(GRATE) Q(1NT.) Q(By-Pass) %CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - - - - - - - - - - - - - - - - -  - - - - - - - - - -  - - - - - - -  

5.000 0 .468  0 . 4 2 1  0 .469 0.890 0 .010 98.93- 
10.000 0 . 8 0 0  0 .720 0 .180 0 .900  0 .000 100 .00  

0 .980  0 .882 0 .018 0 .900 0 .000 100 .00  
1 .000  0.900 0 .000  0.900 0 .000  100 .00  
1 . 0 0 0  0 .900 0 .000 0.900 0 .000  100 .00  



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

.PROJECT NAME- Rm 
HIGHWAY NAME- - .  - - 

LOCATION -%ta R~mrs 1'3 1'3153 L t  
Ver 3.40 : December 1995 

TRACS NO 
DESIGNER 
CHECKER 

PSR 
/Z/PV PAGE 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 2.609 
Roadway Cross-Slope-Ft./~t.--Sx = 0.028 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.028 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./Ft.--Sw = 0.037 

Gutter Depression-Inches-- = 1.998 
Manning's 'N = 0.016 

Flow-CFS--Q = 1.800 "'orf 
SPREAD-~t.--T = 5.304 - ' ~ ' - - ~ r  

Average Velocity-V-fps = 3 -712 

FLOW in Gutter-CFS--Q = 1.792 
% Flow in Gutter-CFS = 99.550 

Velocity of Flow in Gutter-fps = 3.765 
Depth at Curb Line-Inches--d = 2.268 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.92 / 

Grate Length--Ft. = 3 -350 
Grate Width- - -Ft . = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 1.107 
Local Gutter Depression-Inches = 0.000' 

Length of opening: TOTAL Intercept--Ft. = 33.201 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q ( S  .D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 
- - - - - - - - - - - - -  - - - - - - - - - - - - - - -  - - - - - - - - - -  - - - - - - -  
5.000 0.255 0.458 1.094 1.553 0.247 86.25 - - -  

10.000 0.475 0.856 0.833 1.688 0.112 93.80 
0.661 1.190 0.581 1.771 0.029 98.41 
0.810 1.458 0.341 1.799 0.001 99.93 - 
0.919 1.655 0.145 1.800 0.000 100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- 8 M  
HIGHWAY NAME- 

-- - 

LOCATION - Fa A~~~ n ~ ~ t s o  ~t 
Ver 3.40: December 1995 

TRACS NO 
DESIGNER 
CHECKER 

$517 
N? I/ PAGE 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G 
Roadway Cross-Slope-Ft./Ft.--Sx 

Shoulder Width-Ft.-- 
Shoulder slope-~t./Ft.--SS 

Gutter Width-Ft.--W 
Gutter Slope-Ft./Ft.--Sw 

Gutter Depression-Inches-- 
Manning's 'N 

Flow-CFS--Q = 2 .500'*"Yr 
SPREAD-Ft . --T = 6.176 - \o'--~v 

Average Velocity-V-fps = 3.999 

FLOW in Gutter-CFS--Q = 2.442 
% Flow in Gutter-CFS = 97.696 

Velocity of Flow in Gutter-fps = 4.169 
Depth at Curb Line-Inches--d = 2.561 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.92- 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 0.883 
Local Gutter Depression-Inches = 0.000- 

Length of opening: TOTAL Intercept--Ft. = 38.216 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S .D.  ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

- 
HIGHWAY NAME- 
LOCAT ION -% ,- 
Ver 3.40 : December 

TRACS NO. - 
DESIGNER - 
CHECKER - 

3 5  9 
/ t / ~ r /  PAGE 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 
Roadway Cross-slope-Ft./~t.--SX = 

Shoulder Width-Ft.-- = 
Shoulder Slope-Ft./~t.--Ss = 

Gutter Width-Ft.--W = 
Gutter Slope-Ft./~t.--Sw = 

Gutter Depression-Inches-- - - 
Manning's IN = 

Flow-CFS--Q = 1.800-)Or r 
SPREAD-Ft.--T = 7.714-f--&F 

Average Velocity-V-fps = 3.290 

FLOW in Gutter-CFS--Q = 1.188 
% Flow in Gutter-CFS = 66.014 

Velocity of Flow in Gutter-fps = 3.944 
Depth at Curb Line-Inches--d = 1.761 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91 ( 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 2.. 462 
Local Gutter Depression-Inches = 1.000- 

Length of opening: TOTAL Intercept--Ft. = 29.110 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D.) Q(GRATE) Q(INT.) Q(By-Pass) %CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - -  - - - - -  - - - - - - -  - - - - - - - - - -  - - - - - - -  
5.000 0.288 0.518 1.136 1.653 0.147 9 1 . 8 6 ..:. ..-. 
10 .000 0.531 0.956 0.809 1.765 0.035 98.07 

0.728 1.311 0.487 1.799 0.001 99.92 
0.876 1.578 0.222 1.800 0.000 100.00&-- 

25.000 0.971 1.747 0.053 1.800 0.000 100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

11-02-2004 
TRACS NO. - 

HIGHWAY NAME- DESIGNER - 2 5 ~  
LOCATION - r, 3 r ~ v - 0 ~  b \? t-34 &+ CHECKER - / v p ~  PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 2.946 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.018 

Shoulder Width-Ft.-- = 8.000 
Shoulder Slope-Ft./Ft.--Ss = 0.018 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.021 

Gutter Depression-Inches-- - - 0.630 
Manning's IN = 0.016 

Flow-CFS--Q = 2.500- S * Y ~  
SPREAD-Ft.--T = 8.750 - Iqt.rbr 

Average Velocity-V-fps = 3.565 

FLOW in Gutter-CFS--Q = 1.508 
% Flow in Gutter-CFS = 60.331 

Velocity of Flow in Gutter-fps = 4.333 
Depth at Curb Line-Inches--d = 1.986 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91- 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 2.726 
Local Gutter Depression-Inches = 1.000-- 

Length of opening: TOTAL Intercept--Ft. = 34.584 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D.) Q(GRATE) Q(INT.1 Q(By-Pass) % CAPT. 



ARIZONA DEPARTMENT OF TFLWSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- R n ,  
HIGHWAY NAME- 
LOCATION - R l n  Ro.hb % )q+%ri P+ 
Ver 3 . 40  : December 1'995 

TRACS NO 
DESIGNER 
CHECKER 

PGK 
fdDv PAGE 

CURB OPENING INLET - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 2 . 1 0 1  
Roadway Cross-Slope-Ft./~t.--Sx = 0.020 

Shoulder Width-Ft.-- = 10 .000  
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 2.000 
Gutter Slope-Ft./Ft.--Sw = 0.020 

Gutter Depression-Inches-- = 0 - 4 8 0  
Manning's IN = 0 .016  

F~OW-CFS--Q = 0 .700  - revr 
SPREAD-Ft.--T = 5 . 4 8 6 - 0 ~ ~ +  

Average Velocity-V-fps = 2.326 

FLOW in Gutter-CFS--Q = 0 . 4 9 1  
% Flow in Gutter-CFS = 70.162 

Velocity of Flow in Gutter-fps = 2 .737  
Depth at Curb Line-Inches--d = 1 . 3 1 7  

CURB OPENING--ADOT STD. C-15.20 / 
Flow-CFS--Q = 0.700 

Gutter Velocity at INLET-fps = 3.166 
GUTTER FLOW a t  INLET-CFS--Q = 0.650 

Depth at INLET Curb Line-Inches--d = 1 . 9 7 1  
Local Gutter Depression-Inches = 1.000' 

Length of opening: TOTAL Intercept--Ft. = 13.280 
Capture Ratio - -  CURB OPENING = 0.800 

LENGTH Efficiency Q (Captured) Q (By- Pass) 
- - - - - -  - - - - - - - - - -  - - - - - - - - - - -  - - - - - - - - - -  

3.083 0 .378 0 .265  0 .435  
6.583 0.708 0 .496  0 .204 
9.583 0.900 0 .630  0.070 

13.583 1 .000  0 .700  0.000- 
20 .583  1 .000  0.700 0 .000 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

03-24-2005 
TRACS NO. - 

HIGHWAY NAME- DESIGNER - R 5 R  
LOCATION - BCV, L ~ n p  IS 19, SC\ Rv CHECKER - / v D ~ /  PAGE 
Ver 3 . 4 0 :  December 1995  

CURB OPENING INLET - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 2 . 1 0 1  
Roadway Cross-Slope-Ft./~t.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft.--W = 2 .000  
Gutter Slope-Ft./~t.--Sw = 0.020 

Gutter Depression-Inches-- = 0.480 
Manning's 'N = 0.016 

Flow-CFS- -Q = 1.000 - , s o y C  

SPREAD-Ft.--T = 6.272" 
Average Velocity-V-fps = 2.542 

FLOW in Gutter-CFS--Q = 0 . 6 4 1  
% Flow in Gutter-CFS = 64.097 

Velocity of Flow in Gutter-fps = 3.040 
Depth at Curb Line-Inches--d = 1 . 5 0 5  

CURB OPENING--ADOT STD. C-15 .20  

Flow-CFS--Q = 1 .000  
Gutter Velocity at INLET-fps = 3.493 
GUTTER FLOW at INLET-CFS--Q = 0.855 

Depth at INLET Curb Line-Inches--d = 2 .209  
Local Gutter Depression-Inches = 1 . 0 0 0  

Length of opening: TOTAL Intercept--Ft. = 15 .926  
Capture Ratio - -  CURB OPENING = 0.800 

LENGTH Efficiency Q (Captured) Q (By-Pass) 
- - - - - -  - - - - - - - - - -  - - - - - - - - - - -  - - - - - - - - - -  

3 .083  0 . 3 2 1  0 . 3 2 1  0 .679  
6 .583  0 .617  0 . 6 1 7  0 .383 
9 .583 0 .809  0 .809 0 . 1 9 1  

13 .583  0 .968  0 .968  0.03- 
20 .583  1 . 0 0 0  1 .000  0 .000 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- R f i  
HIGHWAY NAME- 
LOCAT I ON - * L m n  / 1*9Z LS- 
Ver 3.40: December 1595 

TRACS NO. - 
DESIGNER - 
CHECKER - 

P S R  
/u#v PAGE 

CURB OPENING INLET - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.773 
Roadway Cross-Slope-Ft./~t.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft.--W = 2.000 
Gutter Slope-Ft./Ft.--Sw = 0.020 

Gutter Depression-Inches-- = 0.480 
Manning's IN = 0.016 

Flow-CFS--Q = 1.300 - ) Y Y C  

SPREAD-Ft.--T = 8.348 - d m ~ - ~  
Average Velocity-V-fps = 1.866 spr=-Q@ up5vces--, . 

e . 3  cs 6- w:-4 i a k 4  
FLOW in Gutter-CFS--Q = 0.674 a 

% Flow in Gutter-CFS = 51.833 
Velocity of Flow in Gutter-fps = 2.293 
Depth at Curb Line-Inches--d = 2.003 

CURB OPENING--ADOT STD. C-15.20 ," 
Flow-CFS--Q = 1.300 

Gutter Velocity at INLET-fps = 2.586 
GUTTER FLOW at INLET-CFS--Q = 0.883 

Depth at INLET Curb Line-Inches--d = 
Local Gutter Depression-Inches = 1.000 .788/," 

Length of opening: TOTAL Intercept--Ft. = 14.339 
Capture Ratio - -  CURB OPENING = 0.800 

LENGTH Efficiency Q (Captured) Q (By-Pass) 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- R/r l  TRACS NO. - , -  . 
HIGHWAY NAME- DESIGNER - PsA 
LOCATION -llw R---B C I-tsa L +  CHECKER - ~ l f i v  PAGE 
Ver 3 . 4 0 :  December 1995 

CURB OPENING INLET - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.773 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft. --W = 2 .000  
Gutter Slope-Ft./~t.--Sw = 0.020 

Gutter Depression-Inches-- = 0.480 
Manning's IN = 0.016 

Average Velocity-V-fps = 2.024 5 + r c ~ ~ ~  updtc-- 

FLOW in Gutter-CFS--Q = 0 .847  e > ~  o F w;oj 0 f~ 

% Flow in Gutter-CFS = 47 .041  
Velocity of Flow in Gutter-fps = 2 . 5 1 1  
Depth at Curb Line--Inches--d = 2.263 

CURB OPENING--ADOT STD. C-15.20 

FLOW-CFS- -Q = 1.800 
Gutter Velocity at INLET-fps = 2 .806  
GUTTER FLOW at INLET-CFS--Q = 1 .092  

Depth at INLET Curb Line-Inches--d = 3 .075  
Local Gutter Depression-Inches = 1.000 

Length of opening: TOTAL Intercept--Ft. = 17 .087  
Capture Ratio - -  CURB OPENING = 0.800 

LENGTH Efficiency Q (Captured) Q (By-Pass) 
- - - - - - - - - -  - - - - - - - - - - -  - - - - - - - - - -  

3.083 0 . 3 0 1  0.542 1 .258  
6 .583 0.583 1 .050 0 .750 
9.583 0 .773 1 . 3 9 1  0 .409  

13.583 0.942 1.696 0 .104 
20.583 1 .000  1 .800 0 . 0 0 0 ~  



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

I 
11-11-2004 

@PROJECT NAME- R/O TRAcs No. - 
HIGHWAY NAME- DESIGNER - RSI? 
LOCATION - Y\ Rawno L q+QQ L.) CHECKER - J/DV PAGE 
Ver 3.40 : December 1999 

I SLOTTED DRAIN W/ GRATE--ON GRADE 
I 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 1.182 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 8.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./~t.--Sw = 0.021 

Gutter Depression-Inches-- - - 0.630 
Manning's IN = 0.016 

Flow-CFS--Q = 1.600- : ' y r  
SPREAD-Ft.--T = 8.303-8b-j - , o '+  

Average Velocity-V-fps = 2.311 

FLOW in Gutter-CFS--Q = 0.990 
% Flow in Gutter-CFS = 61.885 

Velocity of Flow in Gutter-fps = 2.783 
Depth at Curb Line-Inches--d = 2.023 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91 

Grate Length- -Ft . = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 2.754 
Local Gutter Depression-Inches = 1.000 

Length of opening: TOTAL Intercept--Ft. = 21.584 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S .D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - - - - - - - - -  - - - - - - - - - -  - - - - - - - 
5.000 0.378 0.604 0.868 1.472 0.128 92.02 
10.000 0.674 1.078 0.508 1.586 0.014 99.15 

0.882 1.411 0.189 1.600 0.000 100.00- 
0.991 1.585 0.015 1.600 0.000 100.00 
1-000 1.600 0.000 1.600 0.000 100.00 



ARIZONA DEPARTMENT OF TRAJSKPORTATION 
DRAINAGE DESIGN SECTION 

11-11-2004 
@PROJECT NAME- R,q Tmcs No. - 

HIGHWAY NAME- DESIGNER - n5l'i 
LOCAT I ON - I c)+og L+ CHECKER - N D V  PAGE 
Ver 3.40: Dec:~er\%5 

SLOTTED DRAIN W/ GRATE--ON GRaDE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 1.182 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 8.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.021 

Gutter Depression-Inches-- - - 0.630 
Manning's IN = 0.016 

Flow-CFS--Q = 2.200 - 5 U y ~  
SPREAD-Ft . --T = 9.363 - ~ q ' , t . y  

Average Velocity-V-fps = 2.501 

FLOW in Gutter-CFS--Q = 1.246 
% Flow in Gutter-CFS = 56.642 

Velocity of Flow in Gutter-fps = 3.049 
Depth at Curb Line-Inches--d = 2.277 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91 

Grate Length--Ft. = 3 -354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 3.041 
Local Gutter Depression-Inches = 1.000 

Length of opening: TOTAL Intercept--Ft. = 25.485 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S .D .  ) Q (GRATE) Q (INT.) Q (By-Pass) % CAPT. 



ARIZONA DEPARTMENT OF TWSPORTATION 
DRAINAGE DESIGN SECTION 

11-11-2004  
TRACS NO. - 

HIGHWAY NAME- DESIGNER - P s ~  
LOCATION - Qrn Ramn C, f l  +ou ~t CHECKER - PAGE 
Ver 3 . 4 0 :  December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 1.280 
Roadway Cross-Slope-Ft./~t.--Sx = 0.020 

Shoulder Width-Ft.-- = 8.000 
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./~t.--Sw = 0 .021  

Gutter Depression-Inches-- = 0 .630  
Manning1 s 'N = 0.016 

Flow-CFS--Q = 1 .400  - l o y k  
SPREAD-Ft.--T = 7 . 7 7 6 & 8 ' - ~ f  

Average Velocity-V-fps = 2.303 

FLOW in Gutter-CFS--Q = 0.908 
% Flow in Gutter-CFS = 64.822 

Velocity of Flow in Gutter-ips = 2.755 
Depth at Curb Line-Inches--d = 1 .896  

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.9lY 

Grate Length--Ft. = 3 - 3 5 4  
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5 .171  
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 2.608 
Local Gutter Depression-Inches = 1 . 0 0 0 /  

Length of opening: TOTAL Intercept--Ft. = 20.554 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D.) Q(GRATE) Q(1NT.) Q(By-Pass) % CAPT. 
- - - - - - - - - - - - - - - -  - - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - -  

5.000 0 .395 0 .552 0 .771  1 .323 0 .077  94.50- 
10 .000  0 .699 0 .978  0.418 1 .396  0 .004  99.72 

0.905 1 .267  0.133 1 .400  0 .000  100.00 
0.999 1 .398 0.002 1 .400  0.000 100 .00  

25.000 1 .000 1 .400 0.000 1 .400  0 .000 100 .00  



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

11-11-2004  
PROJECT NAME- R f l  TRACS NO. - 
HIGHWAY NAME- DESIGNER - $tQR 
LOCATION - p-, R ~ m p  6 7 3 0 0  L t  CHECKER - MDV PAGE 
Ver 3.40:  December 19'95 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 1.280 
Roadway Cross-Slope-Ft./~t.--Sx = 0.020 

Shoulder Width-Ft.-- = 8.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft . --W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0 . 0 2 1  

Gutter Depression-Inches-- = 0.630 
Manning's IN  = 0.016 

F~OW-CFS--Q = ~ . o o o - $ * ~  
SPREAD-Ft.--T = 8.897 ' l'\'-kr 

Average Velocity-V-fps = 2 .517  

FLOW in Gutter-CFS--Q = 1 .177  
% Flow in Gutter-CFS = 58.843 

Velocity of Flow in Gutter-fps = 3.053 
Depth at Curb Line-Inches--d = 2.165 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--Cl5.91- 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2 .000  

Grate Area--Sq. Ft. = 5 . 1 7 1  
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 2.916 
Local Gutter Depression-Inches = 1 .000  - 

Length of opening: TOTAL Intercept--Ft. = 2 4 . 7 3 1  
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S. D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - - - - - - - - -  - - - - - - - - - -  - - - - - - -  

5.000 0.334 0 .668 1 .083  1 . 7 5 1  0 .249  87.57 
10.000 0 .606 1 .213 0 .726 1 .939  0 . 0 6 1  96.95 

0.813 1 .627  0 .371  1 .998 0 .002  99.90 
0 .949  1 .898 0 .102 2.000 0 .000  100.00 
1 .000  2 .000 0.000 2.000 0 .000  100.00 



ARIZONA DEPARTMENT OF TWSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- 
HIGHWAY NAME- 
LOCATION - %-0 6 I Q I O Q  L+ 
Ver 3.40: December 1935 

TRACS NO 
DESIGNER 
CHECKER 

FiSA 
M b f  PAGE 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDIZAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 
Roadway Cross-Slope-Ft./~t.--Sx = 

Shoulder Width-Ft.-- = 
Shoulder Slope-Ft./Ft.--Ss = 

Gutter Width-Ft.--W = 
Gutter Slope-Ft./Ft.--Sw = 

Gutter Depression-Inches-- = 
Manning's IN = 

Flow-CFS- -Q = 1 .400-lQye 
SPREAD-~t.--T = 7.776 -e'-~, 

Average Velocity-V-fps = 2.303 

FLOW in Gutter-CFS--Q = 0.908 
% Flow in Gutter-CFS = 64 -822 

Velocity of Flow in Gutter-fps = 2.755 
Depth at Curb Line-Inches--d = 1.896 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--Cl5.91 , 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 2.608 
Local Gutter Depression-Inches = 1.000 F- 

Length of opening: TOTAL Intercept--Ft. = , 20.554 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S .D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

@ PROJECT NAME- Kpq  
HIGHWAY NAME- 
LOCATION - t w  Rw-n L /OCoo L i  
Ver 3.40: December 1995 

TRACS NO 
DESIGNER 
CHECKER 

F(sR 
/vD\/ PAGE 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 1.280 
Roadway Cross-Slope-Ft./~t.--Sx = 0.020 

Shoulder Width-Ft.-- = 8.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./~t.--Sw = 0.021 

Gutter Depression-Inches-- = 0.630 
Manning's IN = 0.016 

Flow-CFS--Q = 2.100 - s p y r  
SPREAD-Ft.--T = 9.062 - 19 -1.9 

Average Velocity-V-fps = 2.547 

FLOW in Gutter-CFS--Q = 1.219 
% Flow in Gutter-CFS = 58.044 

Velocity of Flow in Gutter-fps = 3.096 
Depth at Curb Line-Inches--d = 2.205 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.9lc. 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 2.960 
Local Gutter Depression-Inches = 1.000- 

Length of opening: TOTAL Intercept--Ft. = 25.370 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D.1 Q(GRATE) Q(1NT.) Q(By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - -  - - - - - - - - - -  - - - - - - -  
5.000 0.326 0.685 1.131 1.816 0.284 86.49 -. 
10,000 0.594 1.248 0.774 2.022 0.078 9 6 . 2 8 .-\ 

0.800 1.680 0.416 2.096 0.004 99.82- 
0.939 1.972 0.128 2.100 0.000 100.00 

25.000 1.000 2.099 0.001 2.100 0.000 100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

11-11-2004 
.PROJECT NAME- Rn TRACS NO. - 

HIGHWAY NAME- DESIGNER - ~ Q L  
LOCATION - n \ C l 2 4 0 Q 1 ) r  CHECKER - f l j ) . /  PAGE 
Ver 3 .40 :  December 1995  

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.539 
Roadway cross-slope-~t./~t.--SX = 0.020 

Shoulder Width-Ft.-- = 8.000 
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft.--W = 2 .500  
Gutter Slope-Ft./Ft.--SW = 0 . 0 2 1  

Gutter Depression-Inches-- = 0.630 
Manning's IN = 0.016 

Flow-CFS- - Q  = 0.800 ' j o y ~  

SPREAD-Ft.--T = I 
7.412 

Average Velocity-V-fps = 1.448 

FLOW in Gutter-CFS--Q = 0 .536  
% Flow in Gutter-CFS = 66.998 

Velocity of Flow in Gutter-fps = 1.722 
Depth at Curb Line-Inches--d = 1 . 8 0 9  

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91H 

Grate Length--Ft. = 3 -354  
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5 . 1 7 1  
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 2.505 
Local Gutter Depression-Inches = 1.000 

Length of opening: TOTAL Intercept--Ft. = 12 .387  
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D.1 Q(GRATE1 Q(INT.1 Q(By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - -  - - - - - -  - - - - - - -  - - - - - - - - - -  - - - - - - -  

5.000 0 . 6 0 6  0.484 0.312 0 .797 0.003 99.58- 
10.000 0 .948 0.759 0 . 0 4 1  0.800 0.000 100 .00  

1 .000  0.800 0 .000 0.800 0 .000 100 .00  
1 .000  0.800 0 .000  0 .800 0 .000 100.00 
1 .000 0.800 0 .000  0 .800  0 .000  100 .00  



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

11-11-2004 
TRACS NO. - 

HIGHWAY NAME- DESIGNER - 
LOCATION - BeR Aoma t5 \%-I 69 C3 CHECKER - A / D ' ~  PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 
Roadway Cross-Slope-Ft./~t.--Sx = 

Shoulder Width-Ft.-- = 
Shoulder Slope-Ft./Ft.--Ss = 

Gutter Width-Ft.--W = 
Gutter Slope-Ft./Ft.--Sw = 

Gutter Depression-Inches-- = 
Manning's 'N = 

Flow-CFS--Q = 1.100 r q b l r  
SPREAD-Ft.--T = 8.359 -- * 0 la-. 

Average Velocity-V-fps = 1.567 

FLOW in Gutter-CFS--Q = 0.677 
% Flow in Gutter-CFS = 61.584 

Velocity of Flow in Gutter-fps = 1.889 
Depth at Curb Line-Inches--d = 2.036 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91 - 

Grate Length--Ft. = 3.354 
Grate Width- --Ft . = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 2.769 
Local Gutter Depression-Inches = 1.0004--- 

Length of opening: TOTAL Intercept--Ft. = 14.596 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D. ) Q (GRATE) Q(1NT. ) Q (By-Pass) % CAPT. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

- 
HIGHWAY NAME- 
LOCATION -- 
Ver 3 -40 : December 

TRACS NO 
DESIGNER 
CHECKER 

SLOTTED DRAIN W/ GRATE--IN SUMP 

GUTTER FLOW HYDRAULICS 

GUTTER DESCRIPTION 

Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 
Shoulder Width-Ft.-- = 8.000 

Shoulder Slope-Ft./~t.--Ss = 0.020 
Gutter Width-Ft.--W = 2.500 

Gutter Slope-Ft./Ft.--Sw = 0.067 
Gutter Depression-Inches-- = 2.010 

GRATE TYPE: ADOT STD.--C15.91 
Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Effective Perimeter--Ft. = 7.354 

Capture Ratio - -  GRATE = 0.500 
Capture Ratio - -  SLOTTED DRAIN = 0.500 

Local Gutter Depression-Inches = 1.000 

LENGTH Q(S1ot. Dn) Q (Grate) d (inches) SPREAD, Ft . 
- - - - - -  - - - - - - - - - -  - - - - - - - -  - - - - - - - - -  - - - - - - - - - -  
5.000 0.583 0.345 1.609 2.001 -8'---r 

10.000 0.818 0.082 1.060 1.318 
15.000 0.844 0.056 0.605 0.752 
20.000 0.857 0.043 0.339 0.421 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

I 04-22-2005  
PROJECT NAME- RM TRACS NO. - 
HIGHWAY NAME- DESIGNER - p5Q 
LOCATION - 3rfi  raw^ 134-w "2. Lt CHECKER - n / ~ \ /  PAGE 
Ver 3 . 4 0 :  December f 9 9 5  

I SLOTTED DRAIN W/ GRATE--IN SUMP 

GUTTER FLOW HYDWLICS 

I GUTTER DESCRIPTION 

Roadway Cross-Slope-Ft./Ft.--Sx = 0 . 0 2 0  
Shoulder Width-Ft.-- = 8 . 0 0 0  

Shoulder Slope-Ft./Ft.--Ss = 0 .020  
Gutter Width-Ft.--W = 2 . 5 0 0  

Gutter Slope-Ft./~t.--Sw = 0 . 0 6 7  
Gutter Depression-Inches-- = 2 . 0 1 0  

GRATE TYPE: ADOT STD.--C15.91 
Grate Length--Ft. = 3 . 3 5 4  
Grate Width---Ft. = 2 . 0 0 0  

Grate Area--Sq. Ft. = 5 . 1 7 1  
Effective Perimeter--Ft. = 7 . 3 5 4  

Capture Ratio - -  GRATE = 0 . 5 0 0  
Capture Ratio - -  SLOTTED DRAIN = 0 . 5 0 0  

Local Gutter Depression-Inches = 1 . 0 0 0  

LENGTH Q(S1ot. D n )  Q (Grate) d (inches) SPREAD, Ft . 
- - - - - -  - - - - - - - - - -  - - - - - - - - - - - - - - - - -  - - - - - - - - - -  

5 . 0 0 0  0 .764  0 . 5 3 5  2 . 1 2 3  2 . 9 7 3 ~ - - - ? 3 ' ~ ~  
1 0 . 0 0 0  1 . 0 4 5  0 . 2 9 7  1 . 4 2 6  1 . 7 7 4  
1 5 . 0 0 0  1 . 2 1 8  0 . 0 8 2  1 . 0 5 0  1 . 3 0 7  
2 0 . 0 0 0  1 . 2 3 8  0 . 0 6 2  0 . 7 1 1  0  - 8 8 4  



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- RI/) 
HIGHWAY NAME- 
LOCATION - r e  V - U - ~ , ~  L ILl+l6 Lt 
Ver 3.40: December 1995 

TRACS NO. - 
DESIGNER - 
CHECKER - 

. - 
,~yb \/ PAGE 

SLOTTED DRAIN W/ GRATE--ON -GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.539 
Roadway Cross-Slope-Ft./~t.--Sx = 0.020 

- Shoulder Width-Ft.-- - 8.000 
Shoulder Slope-Ft./~t.--Ss = 0.020, 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.021 

Gutter Depression-Inches-- = 0.630 
Manning's IN = 0.016 

F~OW-CFS--Q = 0.500 - ld,y r 
SPREAD-Ft.--T = 6.204 - s - c L %  

Average Velocity-V-fps = 1.289 

FLOW in Gutter-CFS--Q = 0.376 
% Flow in Gutter-CFS = 75.127 

Velocity of Flow in Gutter-fps = 1.498 
Depth at Curb Line-Inches--d = 1.519 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91 4 

Grate Length--Ft. = 3.354 
Grate width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 2.148 
Local Gutter ~epression-1nches = 1.000- 

Length of opening: TOTAL Intercept--Ft. = 9.807 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D.1 Q(GRATE) Q(1NT.) Q(By-Pass) %CAPT. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

11-10-2004 
TRACS NO. - 

HIGHWAY NAME- DESIGNER - IT st? 

LOCATION - i a t m  >a-a C 1 Yt10 L t  CHECKER - d ~ v  PAGE 
Ver 3.40: December 199% 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.539 
Roadway Cross-Slope-Ft./~t.--Sx = 0.020 

Shoulder Width-Ft.-- = 8.000 
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./~t.--Sw = 0.021 

Gutter Depression-Inches-- - - 0.630 
Manning's IN = 0.016 

Flow-CFS--Q = 0.800 -3:~~ 
SPREAD-Ft.--T = 7.412 -%- - -&% 

Average Velocity-V-fps = 1.448 

FLOW in Gutter-CFS--Q = 0 . 5 3 6  
% Flow in Gutter-CFS = 66.993 

Velocity of Flow in Gutter-fps = 1.722 
Depth at Curb Line-Inches--d = 1.809 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91 / 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 2.505 
Local Gutter Depression-Inches = 1.000 / 

Length of opening: TOTAL Intercept--Ft. = 12.386 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S .Dm ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 



ARIZONA DEPARTMENT OF TWSPORTATION 
DRAINAGE DESIGN SECTION 

11-10-2004 
TRACS NO. - 

HIGHWAY NAME- DESIGNER - e51Z 
LOCATION - ~ r ~ c  %wma L 154-33 L - i -  CHECKER - J/DV PAGE 
Ver 3.40:  December 1995  

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 
Roadway Cross-Slope-Ft./Ft.--Sx = 

Shoulder Width-Ft.-- = 
Shoulder Slope-Ft./~t.--Ss = 

Gutter Width-Ft.--W = 
Gutter Slope-Ft./~t.--Sw = 

Gutter Depression-Inches-- = 
Manning's IN = 

Flow-CFS--Q = 1 .000  - l?yr  
SPREAD-~t.--T = 7.038 - 8 - ~ r  

Average Velocity-V-fps = 2 .006  

FLOW in Gutter-CFS--Q = 0.694 
% Flow in Gutter-CFS = 69 .360  

Velocity of Flow in Gutter-fps = 2 . 3 7 1  
Depth at Curb Line-Inches--d = 1 .719  

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91 ' 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5 . 1 7 1  
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 2.397 
Local Gutter Depression-Inches = 1.000 , 

Length of opening: TOTAL Intercept--Ft. = 16 .686  
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio --  GRATE = 0.500 

LENGTH Efficiency Q(S.D. ) Q (GRATE) Q(INT. ) Q(By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - -  - - - - - - - - - -  - - - - - - -  

5.000 0.473 0.473 0 . 5 1 1  0 .985 0 .015  98.4- 
10.000 0.807 0.807 0 .193 1 .000  0.000 100.00 

0 .984 0.984 0 .016  1 .000  0.000 100 .00  
1 .000  1 .000 0 . 0 0 0  1 .000  0.000 100.00 
1 .000  1 .000  0 .000 1 .000 0.000 100 .00  



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

11-10-2004 
TRACS NO. - 

HIGHWAY NAME- DESIGNER - Pf;/? 
LOCATION - t, V-u-.nn d 1C.t 3 3  La CHECKER - M&\/ PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 
Roadway Cross-Slope-Ft./~t.--Sx = 

Shoulder Width-Ft.-- = 
Shoulder Slope-Ft./Ft.--Ss = 

Gutter Width-Ft.--W = 
Gutter Slope-Ft./~t.--SW = 

Gutter Depression-Inches-- = 
Manning's 'N = 

Flow-CFS--Q = 1.400 - 5 y y ~  
SPREAD-Ft.--T = 7.993 - a d a r  

Average Velocity-V-fps = 2.181 

FLOW in Gutter-CFS--Q = 0.890 
% Flow in Gutter-CFS = 63.586 

Velocity of Flow in Gutter-fps = 2 -616 
Depth at Curb Line-Inches--d = 1.948 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91' 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 2.668 
Local Gutter Depression-Inches = ,I. 000' 

Length of opening: TOTAL Intercept--Ft. = 19.814 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D.1 Q(GRATE) Q(1NT.) Q(By-Pass) % CAPT. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- R n  - , .- - 
HIGHWAY NAME- - - - -  . 

LOCATION - R b l ~  R ~ m b  L \ b t o %  L+ 
Ver 3.40: ~ece-%ber 1995 

TRACS NO 
DESIGNER 
CHECKER 

k5 11 
NDV PAGE 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 
Roadway Cross-Slope-Ft./Ft.--SX = 

Shoulder Width-Ft.-- = 
Shoulder Slope-Ft./Ft.--Ss = 

Gutter Width-Ft.--W = 
Gutter Slope-Ft./~t.--Sw = 

Gutter Depression-Inches-- = 
Manning's 'N = 

Flow-CFS--Q = 1.000 -103;~ 
SPREAD-Ft.--T = 6.941 -I!-&$ 

Average Velocity-V-fps = 2.062 

FLOW in Gutter-CFS--Q = 0.700 
8 Flow in Gutter-CFS = 69.993 

Velocity of Flow in Gutter-fps = 2.433 
Depth at Curb Line-Inches--d = 1.696 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT ~ ~ ~ . - - ~ 1 5 . 9 1 ' *  

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 2.369 
Local Gutter Depression-Inches = 1 .OOO - 

Length of opening: TOTAL Intercept--Ft. = 17.004 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D.) Q(GRATE) Q(1NT.) Q(By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - -  - - - - - - - - - -  - - - - - - - 
5.000 0.466 0.466 0.519 0.985 0.015 98.50- 
10.000 0.797 0.797 0.203 1.000 0.000 100.00 

0.979 0.979 0.021 1.000 0.000 100.00 
1.000 1.000 0.000 1.000 0.000 100.00 
1.000 1.000 0.000 1.000 0.000 100.00 



/LBI 'w 
ARIZONA DEPARTMENT OF TRANSPORTATION 

DRAINAGE DESIGN SECTION 

HIGHWAY NAME- 
LOCATION - r* h o m a  di t b t . 0 ~  ~t 
Ver 3.40: December 1995 

TRACS NO. - 
DESIGNER - 
CHECKER - 

12 5 /? 
Nu\/' PAGE 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 1.191 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 8.000 
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.021 

Gutter Depression-Inches-- - - 0.630 
Manningf s IN = 0.016 

Flow-CFS--Q = 1.400 bsy~c 
SPREAD-Ft.--T = 7.883 - 8-art 

Average Velocity-V-fps = 2.242 

FLOW in Gutter-CFS--Q = 0.899 
% Flow in Gutter-CFS = 64.207 

Velocity of Flow in Gutter-fps = 2.685 
Depth at Curb Line-Inches--d = 1.922 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91/ 

Grate Length--Ft. = 3.354 
Grate Width- - -Ft . = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 2.637 
Local Gutter Depression-Inches = 1.000 - 

Length of opening: TOTAL Intercept--Ft. = 20.183 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q ( S  .D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - - - -  - - - - - -  - - - - - - -  - - - - - - - - - -  - - - - - - -  
5.000 0.401 0.561 0.760 1.322 0.078 94.40- 
10 .OOO 0.708 0.991 0.405 1.396 0.004 99.74 

0.913 1.279 0.121 1.400 0.000 100.00 
1.000 1.400 0.000 1.400 0.000 100.00 
1.000 1.400 0.000 1.400 0.000 100.00 



ARIZONA DEPARTMENT OF TIiANSPORTATION 
DRAINAGE DESIGN SECTION 

TRACS NO. - 
HIGHWAY NAME- DESIGNER - rZ<R , .* . l 
LOCATION - Bt, k -  b + $ 8  CHECKER - /\/DV PAGE 

19951 Ver 3.40: December 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 
Roadway Cross-Slope-Ft./Ft.--SX = 

Shoulder Width-Ft.-- = 
Shoulder Slope-Ft./Ft.--Ss = 

Gutter Width-Ft . - -W = 
Gutter Slope-Ft./Ft.--Sw = 

Gutter Depression-Inches-- - - 
Manning's IN = 

Flow-CFS--Q = 1.000 Q L ? ~  

SPREAD-~t.--T = 6.941' 8'-%9 
Average Velocity-V-fps = 2.062 

FLOW in Gutter-CFS--Q = 0.700 
% Flow in Gutter-CFS = 69.993 

Velocity of Flow in Gutter-fps = 2.433 
Depth at Curb Line-Inches--d = 1.696 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91/" 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 2.369 
Local Gutter Depression-Inches = 1. O O ~  

Length of opening: TOTAL Intercept--Ft. = 17.004 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S .D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 
------  - - - - - - - - - -  - - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - -  
5.000 0.466 0.466 0.519 0.985 0.015 98.50- 
10.000 0.797 0.797 0.203 1.000 0.000 100.00 

0.979 0.979 0.021 1.000 0.000 100.00 
1.000 1.000 0.000 1.000 0.000 100.00 
1.000 1.000 0.000 1.000 0.000 100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

11-10-2004 
TRACS NO. - 

HIGHWAY NAME- DESIGNER - it$+* 
LOCAT I ON - ca Rk-a tL lb+8% L +  CHECKER - PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 1.191 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 8.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.021 

Gutter Depression-Inches-- - - 0.630 
Manning's IN = 0.016 

Flow-CFS--Q = 1.400 - 5 , O y t  
SPREAD-Ft.--T = 7.883 - 8 - w y  

Average velocity-V-fps = 2 -242 

FLOW in Gutter-CFS--Q = 0.899 
% Flow in Gutter-CFS = 64.207 

Velocity of Flow in Gutter-fps = 2.685 
Depth at Curb Line-Inches--d = 1.922 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91- 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 2.637 
Local Gutter Depression-Inches = 1.000- 

Length of opening: TOTAL Intercept--Ft. = 20.183 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D.) Q (GRATE) Q(1NT.) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  -----he- - - - - - - -  - - - - - - - - - -  - - - - - - -  
5.000 0.401 0.561 0.760 1.322 0.078 94.40e--- 
10.000 0.708 0.991 0.405 1.396 0.004 99.74 

0.913 1.279 0.121 1.400 0.000 100.00 
1.000 1.400 0.000 1.400 0.000 100.00 
1.000 1.400 0.000 1.400 0.000 100,OO 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

P R O J E C T  NAME- RR 
HIGHWAY NAME - 
LOCAT ION - $0-b p 9+18 \'?---t 
Ver 3.40: December 1996 

TRACS NO. - 
DESIGNER - 
CHECKER - 

p 5  i7 
NW PAGE 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G 
Roadway Cross-Slope-Ft./Ft.--Sx 

Shoulder Width-Ft.-- 
Shoulder Slope-Ft./Ft.--Ss 

Gutter Width-Ft.--W 
Gutter Slope-Ft./~t.--Sw 

Gutter Depression-Inches-- 
Manning's IN 

Flow-CFS--Q = 2.700-10yr 
SPREAD-Ft.--T = 9.063 -td--&p 

Average Velocity-V-fps = 3.219 

FLOW in Gutter-CFS--Q = 2 -465 
% Flow in Gutter-CFS = 91.287 

Velocity of Flow in Gutter-fps = 3.611 
Depth at Curb Line-Inches--d = 2.819 

SLOTTED DRAIN-LADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.92 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 1.261 
Local Gutter Depression-Inches = 0. 000~- 

Length of opening: TOTAL Intercept--Ft. = 35.448 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S . D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 
- - - - - -  _ _ _ _ _ _ _ _ - -  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - -  
5.000 0.239 0.646 1.458 2.104 0.596 77.93 
10.000 0.449 1.213 1.149 2.362 0.338 87.48 

0.629 1.697 0.842 2.539 0.161 94 04.:: - 2 .  

0.776 2.095 0.565 2.659 0.041 98.4- 
0.889 2.401 0.298 2.699 0.001 99.95 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

11-09-2004 
P R O J E C T  NAME- Rn TRACS NO. - 

HIGHWAY NAME- DESIGNER - 
LOCAT I ON - Q C -  Acc*v10 D stre P+ CHECKER - ,NDV PAGE 
Ver 3.40: December 19g5 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 1.658 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.015 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.015 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./Ft.--Sw = 0.037 

Gutter Depression-Inches-- - - 1.998 
Manning's IN = 0.016 

Flow-CFS--Q = 3.700-5Gye 
SPREAD-Ft . --T = 10.770 - \4'-fi.y 

Average Velocity-V-fps = 3.386 

FLOW in Gutter-CFS--Q = 3.150 
% Flow in Gutter-CFS = 85.143 

Velocity of Flow in Gutter-fps = 3.949 
Depth at Curb Line-Inches--d = 3.127 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.92-- 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 1.261 
Local Gutter Depression-Inches = 0.000 - 

Length of opening: TOTAL Intercept--Ft. = 41.428 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S .D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - - - - - - - - - - - - - - - - -  - - - - - - - - - -  - - - - - - - 
5.000 0.207 0.765 1.862 2.626 1.074 70.98 
10.000 0.392 1.450 1.554 3.004 0.696 81.19 

0.555 2.053 1.241 3.294 0.406 8 9 . 0 2 -*. - 

0.695 2.571 0.926 3.496 0.204 94.509--- 
0.811 3.000 0.636 3.636 0.064 98.27 



ARIZONA DEPARTMENT OF TWSPORTATION 
DRAINAGE DESIGN SECTION 

11-09-2004 
TF!ACS NO. - 

HIGHWAY NAME- DESIGNER - g s R  
LOCAT I ON - 6  L b \4+%5 L +  CHECKER - _n/av PAGE 
Ver 3 -40 : December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 1.321 
Roadway Cross-Slope-Ft./~t.--Sx = 0.015 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.015 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.021 

Gutter Depression-Inches-- - - 0.630 
Manning's IN = 0.016 

Flow-CFS--Q = 1.700 - I Q Y '  
SPREAD-Ft . - -T = 9.790- l o ' " ~ 6  

Average Velocity-V-fps = 2.305 

FLOW in Gutter-CFS--Q = 0.967 
% Flow in Gutter-CFS = 56.867 

Velocity of Flow in Gutter-fps = 2.852 
Depth at Curb Line-Inches--d = 1.942 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91/ 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 2 -702 
Local Gutter Depression-Inches = 1.000- 

Length of opening: TOTAL Intercept--Ft. = 23.664 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S.D. ) Q(GRATE) Q(1NT. ) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - - - - - - - - - -  - - - - - - -  - - - - - - - - - -  - - - - - - -  
5.000 0.348 0.591 0.928 1.519 0.181 89.35- 
10 .OOO 0.628 1.067 0.603 1.670 0.030 98.25 

0.836 1.421 0.279 1.700 0.000 100.00 
0.965 1.641 0.059 1.700 0.000 100.00 
1.000 1.700 0.000 1.700 0.000 100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

11-09-2004 
PROJECT NAME- 1M TRACS NO. - 
HIGHWAY NAME- DESIGNER - i75Z 
LOCATION - R r *  3 a - n  i) \ r  4 BSct- CHECKER - 0.63 \/ PAGE 
Ver 3.40:  December 1995  

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 1 . 3 2 1  
Roadway Cross-Slope-Ft./Ft.--Sx = 0 .015  

shoulder Width-Ft.-- = 10 .000  
Shoulder Slope-Ft./Ft.--SS = 0.015 

Gutter Width-Ft.--W = 2 .500  
Gutter Slope-Ft./Ft.--Sw = 0 . 0 2 1  

Gutter Depression-Inches-- = 0 .630  
Manning's IN = 0.016 

Flow-CFS--Q = 2 . 6 0 0 - 5 O ~ r  
SPREAD-Ft. --T = 11.545 - \%'A# 

Average Velocity-V-fps = 2.553 

FLOW in Gutter-CFS--Q = 1 .297  
% Flow in Gutter-CFS = 49.869 

Velocity of Flow in Gutter-fps = 3 - 2 0 3  
Depth at Curb Line-Inches--d = 2.258 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRaTE TYPE: ADOT STD.--C15.91 -- 

Grate Length--Ft. = 3 .354  
Grate Width---Ft. = 2 .000  

Grate Area--Sq. Ft. = 5 . 1 7 1  
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 3.059 
Local Gutter Depression-Inches = 1 .000  -. 

Length of opening: TOTAL Intercept--Ft. = 29 .940  
Capture Ratio - -  SLOTTED DRAIN = 0 .670  

Capture Ratio -- GRATE = 0.500 

LENGTH Efficiency Q (S .D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - -  ---------.. .  - - - - - - -  

5.000 0.280 0 .729  1 . 3 1 9  2.047 0 .553 78.75- 
10 .000  0.519 1 .349  1 .010  2.359 0 . 2 4 1  90 .72  

0.714 1 .856  0 .689 2 .545 0 .055  97.87 
0.863 2.243 0 .356 2 .599  0 . 0 0 1  99 .95  
0 . 9 6 1  2.499 0 . 1 0 1  2 .600  0 .000  100 .00  



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

11-09-2004 
TRACS NO. - 

HIGHWAY NAME- DESIGNER - RsR 
LOCATION - p, ikb-b b ~ b + %  P f -  CHECKER - m ~ u  PAGE 
Ver 3.4 0 : ~ece-~er 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G 
Roadway Cross-Slope-Ft./Ft.--Sx 

Shoulder Width-Ft.-- 
Shoulder Slope-Ft./Ft.--Ss 

Gutter Width-Ft.--W 
Gutter Slope-Ft./Ft.--Sw 

Gutter Depression-Inches-- 
Manning's IN 

Flow-CFS--Q = 0.800-royr 
SPREAD-Ft.--T = 5 .741-\o1-&r 

Average Velocity-V-fps = 1.595 

FLOW in Gutter-CFS--Q = 0.794 
% Flow in Gutter-CFS = 99.258 

Velocity of Flow in Gutter-fps = 1.633 
Depth at Curb Line-Inches--d = 2 -296 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.92 

Grate Length- -Ft . = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 0.407 
Local Gutter Depression-Inches = 0.000 

Length of opening: TOTAL Intercept--Ft. = 14.242 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S  .D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - -  - - - - - - - - - -  ------..- 

5.000 0.541 0.433 0.350 0.782 0.018 97.78- 
10.000 0.887 0.710 0.090 0.800 0.000 100.00 

1.000 0.800 0.000 0.800 0.000 100.00 
1.000 0.800 0.000 0.800 0.000 100.00 
2.000 0.800 0.000 0.800 0.000 100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

11-09-2004 
TRACS NO. - 

HIGHWAY NAME- DESIGNER - \2.5~ 
LOCATION - O - ~ A  I b t 9 7  U R . ,  CHECKER - h/r3v PAGE 
Ver 3 .40 :  December 19b5  

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0 .481  
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./Ft.--Sw = 0.037 

Gutter Depression-Inches-- - - 1.998 
Manning's IN = 0.016 

Flow-CFS- -Q = 1 . 4 0 0 ' ~ ~ ~ ~  
SPREAD-Ft.--T = 7.855 - I+ ' -~Y 

Average Velocity-V-fps = 1.774 

FLOW in Gutter-CFS--Q = 1.310 
% Flow in Gutter-CFS = 93.536 

Velocity of Flow in Gutter-fps = 1 .936  
Depth at Curb Line-Inches--d = 2.803 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.92 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 1.015 
Local Gutter Depression-Inches = 0.000 

Length of opening: TOTAL Intercept--Ft. = 18.307 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D.) Q(GRATE) Q(1NT.) Q(By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - -  - - - - - - - - - -  - - - - - - -  

5.000 0.437 0.612 0.658 1 .270  0 .130 9 0 . 7 0 ~  
10 .000  0.759 1 .062  0.325 1 .387  0.013 99.08 

0.954 1 .336  0.064 1 .400  0 .000 100 .00  
1 .000 1 .400  0.000 1 . 4 0 0  0 .000  100.00 
1 .000 1 . 4 0 0  0 .000 1 . 4 0 0  0 .000  100 .00  



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

04-22-2005 
PROJECT NAME- RM TRACS NO. - 

DESIGNER - R - s n  HIGHWAY NAME- 
LOCATION - j S r ~ \  k?dvv\ D 18+r%.yc Zk CI-iECKER - #DV PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--IN SUMP 

GUTTER FLOW HYDRAULICS 

GUTTER DESCRIPTION 

Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 
Shoulder Width-Ft.-- = 10.000 

Shoulder Slope-Ft./Ft.--Ss = 0.020 
Gutter Width-Ft.--W = 4.500 

Gutter Slope-Ft./Ft.--Sw = 0.037 
Gutter Depression-Inches-- = 1.998 

GRATE TYPE: ADOT STD.--C15.92 
Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area- -Sq. Ft . = 5.590 
Effective Perimeter--Ft . = 7.350 

Capture Ratio - -  GRATE = 0.500 
Capture Ratio - -  SLOTTED DRAIN = 0.500 

Local Gutter Depression-Inches = 0.000 

LENGTH Q(S1ot. Dn) Q (Grate) d (inches) SPREAD, Ft . 
- - - - - -  -------...-- - - - - - - - - - - - - - - - - -  - - - - - - - - - -  
5.000 0.382 0.419 1.969 4 .436&loJ-.iY 

10.000 0.546 0.255 1.573 3.542 
15.000 0.631 0.169 1.322 2.978 
20.000 0.683 0.119 1.150 2.591 I 



ARIZONA DEPARTMENT OF TMSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- R M  TRACS NO. - 
HIGHWAY NAME- DESIGNER - h+R 
LOCATION - 3rr, R b m p  r) 18t18.36 CHECKER - A/p(/ PAGE 
Ver . 3 . 40  : December 1995 

SLOTTED DRAIN W/ GRATE--IN SUMP 

GUTTER FLOW HYDRAULICS 

GUTTER DESCRIPTION 

Roadway Cross-Slope-Ft./Ft.--Sx = 0 .020  
Shoulder Width-Ft.-- = 10 .000  

Shoulder Slope-Ft./~t.--Ss = 0 .020  
Gutter Width-Ft . --W = 4 .500  

Gutter Slope-Ft . /Ft . --Sw = 0 .037  
Gutter Depression-Inches-- = 1 . 9 9 8  

GRATE TYPE: ADOT STD.--C15.92 
Grate Length--Ft . = 3 .350  
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5 . 5 9 0  
Effective Perimeter--Ft. = 7.350 

Capture Ratio - -  GRATE = 0 .500  
Capture Ratio - -  SLOTTED DRAIN = 0 .500  

Local Gutter Depression-Inches = 0 .000  

LENGTH Q(S1ot. Dn) 
- - - - - -  - - - - - - - - - -  

5 .000  0.536 
10.000 0.774 
15.000 0.903 
20.000 0.983 

Q (Grate) d (inches) SPREAD,Ft. 
- - - - - - - -  - - - - - - -  - -  -----.....---- 

0 .665  2 .467  6.453 e ro1-.-f 
0.427 1 . 9 8 5  4 . 4 7 1  
0 .296 1 .680  3.783 
0 .217 1 .467 3 .304  



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- R f i  - 

HIGHWAY NAME- 
LOCATION - 3*mn 9 19440 Rt-  
Ver 3 .40 :  December 1995 

TRACS NO 
DESIGNER 
CHECKER 

i2S j? 

N DV PAGE 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0 .482  
Roadway Cross-Slope-Ft./~t.--Sx = 0.020 

Shoulder Width-Ft.-- = 10 .000  
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft.--W = 4 . 5 0 0  
Gutter Slope-Ft./Ft.--Sw = 0 .037  

Gutter Depression-Inches-- = 1 .998  
Manning's IN = 0 .016  

Flow-CFS- -Q = 0.600- IoYr  
SPREAD-Ft.--T = 4 .771-  ro-hg 

Average Velocity-V-fps = 1 . 5 0 1  

FLOW in Gutter-CFS--Q = 0 .600  
% Flow in Gutter-CFS = 99.985 

Velocity of Flow in Gutter-fps = 1 .503  
Depth at Curb Line-Inches--d = 2 .063  

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD---C15.92 - 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 0 .311  
Local Gutter Depression-Inches = 0.000 - 

Length of opening: TOTAL Intercept--Ft. = 12 .599  
Capture Ratio - -  SLOTTED DRAIN = 0 .670  

Capture Ratio - -  GRATE = 0 .500  

LENGTH Efficiency Q (S .D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - - - - - - - - - - - -  w e - - - - -  

5 .000  0 .598 0.359 0 .239  0 .597 0 .003  99.50 .C-- 

10 .000  0 .942 0.565 0 .035 0.600 0 .000  100 .00  
15 .000  1 .000  0 .600 0 . 0 0 0  0 .600 0 .000  100 .00  
20 .000  1 .000  0 .600 0 .000  0 .600  0.000 100 .00  
25.000 1 .000  0 .600 0 .000  0 .600  0 .000 100 .00  



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

11-11-2004 
PROJECT NAME- g f l  TRACS NO. - 
HIGHWAY NAME- DESIGNER - 1751? 
LOCATION - FH \%WWD 0 19.14~ R +  CHECKER - f l D V  PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.482 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft . --W = 4.500 
Gutter Slope-Ft./Ft.--Sw = 0.037 

Gutter Depression-Inches-- = 1.998 
Manning's IN = 0.016 

Flow-CFS--Q = 1.000- 5oYr 
SPREAD-Ft.--T = 6.543 - lo l - -a~ 

Average Velocity-V-fps = 1.666 

FLOW in Gutter-CFS--Q = 0.976 
% Flow in Gutter-CFS = 97.590 

Velocity of Flow in Gutter-fps = 1.747 
Depth at Curb Line-Inches--d = 2.488 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.92 4 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 0.731 
Local Gutter Depression-Inches = 0.000 cL 

Length of opening: TOTAL Intercept--Ft. = 15.718 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D. ) Q(GRATE) Q (INT. ) Q (By-Pass) % CAPT. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

11-11-2004 
@PROJECT NAME- Pm TRAcs No. - 

HIGHWAY NAME- DESIGNER - \li?se 
LOCATION - tvr 8 a - n  (n Z P + 3 \  R+ . CHECKER - /VDV PAGE 
Ver 3.40: December 1995' 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.719 
Roadway Cross-Slope-Ft./~t.--SX = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./~t.--Sw = 0.037 

Gutter Depression-Inches-- - - 1.998 
Manning's 'N = 0.016 

Flow-CFS--Q = 1.800~)9~~ 
SPREAD-Ft . - -T = 8.062 - l d + - . - ~  

Average Velocity-V-fps = 2.190 

FLOW in Gutter-CFS--Q = 1.670 
% Flow in Gutter-CFS = 92.791 

Velocity of Flow in Gutter-fps = 2 -403 
Depth at Curb Line-Inches--d = 2.853 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.92 ( 

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7.350 

Depth at INLET Curb Line-Inches--d = 0.718 
Local Gutter Depression-Inches = 0.000- 

Length of opening: TOTAL Intercept--Ft. = 23.001 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH ~fficienc~ Q(S.D.) Q(GRATE) Q(1NT.) Q(By-Pass) %CAPT. 
- - - - - - - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - -  - - - - - - - - - -  - - - - - - -  

0.642 0.904 1.546 0.254 85.91 
)1 

5.000 0.357 
10.000 0.642 1.155 0.565 1.720 0.080 95.56 

0.851 1.531 0.266 1.797 0.003 99.83 
0.974 1.754 . 0.046 1.800 0.000 100.00 

25.000 1.000 1.800 0.000 1.800 0.000 100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

11-11-2004 
P R o m c T  NAME- Tmcs No. - 

HIGHWAY NAME- DESIGNER - $S/X 
LOCATION - Brv\ k ~ p  b 20431 P-S CHECKER - /V't3V PAGE 
Ver 3 .40 :  December 1995  

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.719 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft.--W = 4.500 
Gutter Slope-Ft./~t.--Sw = 0.037 

Gutter Depression-Inches-- = 1 .998  
Manning's IN = 0.016 

Flow-CFS--Q = 2.700-  5 0 y r  
SPREAD-Ft. --T = 9.842 -\<-*p 

Average Velocity-V-fps = 2.367 

FLOW in Gutter-CFS--Q = 2.319 
% Flow in Gutter-CFS = 85.873 

Velocity of Flow in Gutter-fps = 2 .711  
Depth at Curb Line-Inches--d = 3.280 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT ~ ~ ~ . - - ~ 1 5 . 9 2 ~  

Grate Length--Ft. = 3.350 
Grate Width---Ft. = 2 .000  

Grate Area--Sq. Ft. = 5.590 
Splash-Over Velocity--FPS = 7 .350  

Depth at INLET Curb Line-Inches--d = 0 . 1 4 1  
Local Gutter Depression-Inches = 0. O O O H  

Length of opening: TOTAL Intercept--Ft. = 27.824 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S .D. ) Q (GRATE) Q (INT.) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - -  - - - - - - - - - -  - - - - - - -  

5.000 0.300 0 .810 1 .300 2 .110 0 .590 78.16- 
10 .000  0 .551  1 .489  0.936 2 .425 0.275 89.82 

0.752 2 .030 0 .581  2 .612  0.088 96.73 IHiIII 0.898 
2 .425 0.272 2 .697  0.003 9 9 - 8 7  

0.984 2 .656  0.044 2 .700  0.000 100.00 

-- 



APPENDIX D 

CATCH BASIN DESIGN 

University Drive Ramps A & B Catch Basin Calculations 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

12-09-2004 
TRACS NO. - 

HIGHWAY NAME- DESIGNER - R<R 
LOCATION - 3  L -  \?We L+ CHECKER - /I/ov PAGE 
Ver 3.40: December 199'5 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 
Roadway Cross-Slope-Ft./Ft.--Sx = 

Shoulder Width-Ft.-- = 
Shoulder slope-~t./~t.--SS = 

Gutter Width-Ft.--W = 
Gutter Slope-Ft./~t.--Sw = 

Gutter Depression-Inches-- - - 
Manning's 'N = 

Flow-CFS--Q = 1 . 4 0 0 - ~ ~ ~ ~  
SPREAD-Ft. --T = 11.373- $,,), cb ~~h.cg 9rrJ 

Average Velocity-V-fps = 2.055 Q ,,n&ee-. e-3 QC- I 
FLOW in Gutter-CFS--Q = 0.754 c bps:, oh. 

% Flow in Gutter-CFS = 53.865 
Velocity of Flow in Gutter-fps = 2.623 
Depth at Curb Line-Inches--d = 1.695 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91F- 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d r 2 -470 
Local Gutter Depression-Inches = 1.000fl 

Length of opening: TOTAL Intercept--Ft. = 22.415 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D.) Q(GRATE) Q(1NT.) Q(By-Pass) .%CAPT. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

12-09-2004 
TRACS NO. - 

HIGHWAY NAME- DESIGNER - K ~ R  
LOCATION - A \2+C\8 C +  CHECKER - >/DV PAGE 
Ver 3.40:  December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 1 .386  
Roadway Cross-Slope-Ft./~t.--Sx = 0.010 

Shoulder Width-Ft.-- = 8.000 
Shoulder Slope-Ft./~t.--Ss = 0.010 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./~t.--Sw = 0 . 0 2 1  

Gutter Depression-Inches-- = 0.630 
Manning's 'N = 0.016 

Flow-CFS--Q = 1.900'  Spyc 
SPREAD-Ft.--T = 12.866h14d"-7 '  

Average Velocity-V-fps = 2 .204  

FLOW in Gutter-CFS--Q = 0.922 
% Flow in Gutter-CFS = 48.546 

Velocity of Flow in Gutter-fps = 2.840 
Depth at Curb Line-Inches--d = 1.874 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91A 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2 .000  

Grate Area--Sq. Ft. = 5 . 1 7 1  
Splash-Over Velocity--FPS = 7 .354  

Depth at INLET Curb Line-Inches--d = 2 .680  
Local Gutter Depression-Inches = 1 .000  -., 

Length of opening: TOTAL Intercept--Ft. = 26.862 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0 .500  

LENGTH Efficiency Q ( S  .D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - -  - - - - - - - - - -  - - - - - - - 

5.000 0 .310 0 .589 1 .000 1 .588  0 .312  83.59 
10.000 0 .567  1 .078  0.732 1 .810 0.090 95.28 
15 .000  0 .770 1 .464  0 .432 1 .896  0.004 99.776-1- 
20.000 0 .914 1 .737 0.163 1 .900  0 .000  100.00 
25.000 0 .992 1.884 0.016 1 .900  0 .000 100 .00  



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

12-09-2004 
TRACS NO. - 

HIGHWAY NAME- DESIGNER - p5R 
LOCATION - u WP I Y + Y 3  L t  CHECKER - ~ p y  PAGE 
Ver 3.40: December 19b5 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.518 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 8.000 
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- = 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 1. 1OO-l~y~ 
SPREAD-Ft.--T = 6.815- 

Average Velocity-V-fps = 1.799 

FLOW in Gutter-CFS--Q = 0.916 
% Flow in Gutter-CFS = 83.315 

Velocity of Flow in Gutter-fps = 2.156 
Depth at Curb Line-Inches--d = 3.046 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91H 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 3.659 
Local Gutter Depression-Inches = 1.000'- 

Length of opening: TOTAL Intercept--Ft. = 9.348 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S .D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

12-09-2004  
TRACS NO. - 

HIGHWAY NAME- DESIGNER - x 5 p  . LOCATION - Owl .  &LP-W~ I q . t 9 0  1 4 -  CHECKER - n/g$ PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.518 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 8.000 
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- = 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 1.500 - *OY' 
SPREAD-Ft.--T = 8.063 ' ~ ' \ ' - o - ~  

Average Velocity-V-fps = 1.882 

FLOW in Gutter-CFS--Q = 1.139 
% Flow in Gutter-CFS = 75.960 

Velocity of Flow in Gutter-ips = 2.337 
Depth at Curb Line-Inches--d = 3.345 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91, 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 4.023 
Local Gutter Depression-Inches = 1.000-- 

Length of opening: TOTAL Intercept--Ft. = 11.021 
Capture Ratio -- SLOTTED DRAIN = 0,670 

Capture Ratio - - GRATE = 0.500 

LENGTH Efficiency Q (S .D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - -  - - - - - - - - - -  - - - - - - -  
5.000 0.663 0.995 0.505 1.500 0.000 99.99.zP---- 
10.000 0.986 1.479 0.021 1.500 0.000 100.00 

1.000 1.500 0.000 1.500 0.000 100.00 
1.000 1.500 0.000 1.500 0.000 100.00 
1.000 1.500 0.000 1.500 0.000 100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- Rfl TRACS NO. - 
HIGHWAY NAME- DESIGNER - WR 
LOCATION - o h ;  RAMP A 15+5Y.L5 Lt CHECKER - /Z /DV  PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--IN SUMP 

GUTTER FLOW HYDRAULICS 

GUTTER DESCRIPTION 

Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 
Shoulder Width-Ft.-- = 8.000 

Shoulder Slope-Ft./Ft.--Ss = 0.020 
Gutter Width-Ft.--W = 2.500 

Gutter Slope-Ft./~t.--Sw = 0.067 
Gutter Depression-Inches-- = 2.010 

GRATE TYPE: ADOT STD.--C15.91 
Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Effective Perimeter--Ft. = 7.354 

Capture Ratio - -  GRATE = 0.500 
Capture Ratio - -  SLOTTED DRAIN = 0.500 

Local Gutter Depression-Inches = 1.000 

LENGTH 
- - - - - -  
5.000 

10.000 
15.000 
20.000 
25.000 

Q(S1ot. Dn) Q (Grate) d (inches) SPREAD,Ft . 
- - - - - - - -  - - - - - - - - -  - - - - - - - - - -  
0.535 2.123 2.973 G-B'Y--Y 
0.297 1.426 1.774 
0.082 1.050 1.307 
0.062 0.711 0.884 
0.050 0.484 0.601 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- i(fi TRACS NO.- 
HIGHWAY NAME- DESIGNER - 6414 
LOCATION - on; l & l ~ p  A /5+5Y.6F Lt  CHECKER - A D V  PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--IN SUMP 

GUTTER FLOW HYDRAULICS 

GUTTER DESCRIPTION 

Roadway Cross-Slope-Ft./~t.--SX = 0.020 
Shoulder Width-Ft.-- = 8.000 

Shoulder Slope-Ft./Ft.--Ss = 0.020 
Gutter Width-Ft.--W = 2.500 

Gutter Slope-Ft./Ft.--Sw = 0.067 
Gutter Depression-Inches-- = 2.010 

GRATE TYPE: ADOT STD.--C15.91 
Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Effective Perimeter--Ft. = 7.354 

Capture Ratio - -  GRATE = 0.500 
Capture Ratio - -  SLOTTED DRAIN = 0.500 

Local Gutter Depression-Inches = 1.000 /' 

LENGTH Q(S1ot. Dn) Q (Grate) d (inches) SPREAD, Ft . 
- - - - - -  - - - - - - - - - -  - - - - - - - -  - - - - - - - - -  - - - - - - - - - -  
5.000 0.984 0.814 2.700 5.375 e 8 ' e Y  

10.000 1.360 0.441 1.891 2.352 
15.000 1.576 0.299 1.434 1.784 
20.000 1.714 0.086 1.125 1.399 
25.000 1.730 0.070 0.843 1.049 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

HIGHWAY NAME- 
LOCATION -oh', P b - b  A \?+ k4 L+ 
Vex 3 . 4 0 :  December 1995 

TRACS NO 
DESIGNER 
CHECKER ,I%? PAGE 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0 .516  
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 8.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 2 .500  
Gutter slope-Ft./~t.--Sw . =  0.067 

Gutter Depression-Inches-- = 2.010 
Manning's IN = 0.016 

Flow-CFS- -Q = 1 -800- \?  y r 
SPREAD-Ft.--T = 8 -849-8 -a?  c&c,~L,~ ~ ~ C e - 8  

Average Velocity-V-fps = 1 - 9 3 6 Q  opt6re- =-9 6 k- 
sLh.9 ata;, oh, 

FLOW in Gutter-CFS--Q = 1 .288  
% Flow in Gutter-CFS = 71.552 

Velocity of Flow in Gutter-fps = 2.445 
Depth at Curb Line-Inches--d = 3.534 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.914 

Grate Length- -Ft . = 3.354 
Grate Width---Ft. = 2 .000  

Grate Area--Sq. Ft. = 5 . 1 7 1  
Splash-Over Velocity--FPS = 7 .354  

Depth at INLET Curb Line-Inches--d = 4.243 
Local Gutter Depression-Inches = 1.000'' 

Length of opening: TOTAL Intercept--Ft. = 12 .190  
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S .D. ) Q (GRATE) Q (INT.) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - - - - - - - - - -  - - - - - - -  - - - - - - - - - -  - - - - - - -  

5.000 0 .613 1 .104 0.693 1 .797  0 .003 99 .85  
10 .000  0 .955 1 .718 0.082 1 .800  0 .000 100 .00  

1 .000  1 .800 0.000 1 .800  0 .000  100 .00  
1 .000  1 .800  0.000 1 . 8 0 0  0.000 100 .00  
1 .000  1 .800 0.000 1 .800  0.000 100 .00 *  



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

12-09-2004 
TRACS NO. - 

HIGHWAY NAME - DESIGNER - Ws& 
LOCATION - , kae-b  4 Ib+bC\ L* CHECKER - ,~I;DV PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 

Roadway Cross-Slope-Ft./Ft.--SX = 
- Shoulder Width-Ft.-- - 

Shoulder Slope-Ft./Ft.--Ss = 
Gutter Width-Ft.--W = 

Gutter Slope-Ft./Ft.--Sw = 
Gutter Depression-Inches-- - - 

Manning's 'N = 

FLOW-CFS--Q = 2.500' so Y p  

SPREAD-Ft. --T = 10.352- \4 '-.&$ 
Average Velocity-V-fps = 2.052 

FLOW in Gutter-CFS--Q = 1.598 
% Flow in Gutter-CFS = 63.905 

Velocity of Flow in Gutter-fps = 2.654 
Depth at Curb Line-Inches--d = 3.894 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91 0' 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 4.650 
Local Gutter Depression-Inches = 1. OOO--- 

Length of opening: TOTAL Intercept--Ft. = 14.715 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D.) Q(GRATE) Q(1NT.) Q(By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - - -...----- - - - - - - - - - -  - - - - - - - 
5.000 0.526 1.316 1.127 2 -443 0.057 97.71 
10 -000 0.871 2.178 0.322 2.500 0.000 100.00 

1.000 2.500 0.000 2.500 0.000 100.00 
1.000 2.500 0.000 2.500 0.000 100.00 
1.000 2.500 0.000 2.500 0.000 100.00 4--- 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- K N  TRACS NO. - 
HIGHWAY NAME- DESIGNER - fi5q 
LOCATION - ~lvl; z a m n  B %+51 zt CHECKER - h ) ~ v  PAGE 
Ver 3.40: December !L995 

- -  

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 3.191 
Roadway Cross-Slope-Ft./~t.--SX = 0.050 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.050 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./~t.--Sw = 0.067 

Gutter Depression-Inches-- = 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 3 -800 -1Oy~- 
SPREAD-Ft.--T = 5.089 -~ 'M--u  

Average Velocity-V-fps = 5.423 

FLOW in Gutter-CFS--Q = 3.263 
% Flow in Gutter-CFS = 85.878 

Velocity of Flow in Gutter-fps = 6.122 
Depth at Curb Line-Inches--d = 3.564 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91 

Grate Length--Ft. = 3 -354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 4.154 
Local Gutter Depression-Inches = 1.000 

Length of opening: TOTAL Intercept--Ft. = 27.022 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D. ) Q(GRATE) Q (INT.) Q(By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - - - - - - - - - - - -  - - - - - - -  
5.000 0.308 1.171 2.502 3.673 0.127 96.65t- 
10.000 0.565 2.146 1.638 3.784 0.016 99.58 
15.000 0.767 2.916 0.884 3.800 0.000 100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

04-22-2005 
PROJECT NAME- RM TRACS NO. - 
HIGHWAY NAME- DESIGNER - R$R 
LOCATION %+St R t  CHECKER - , t ~ ~ d  PAGE 
Ver 3.40: December 1'995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 3.191 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.050 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./~t.--Ss = 0.050 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- = 2.010 
Ma~ing's IN = 0.016 

Flow-CFS--Q = 5.900 -soy' 
SPREAD-Ft.--T = 6.101 - P'*..s~ 

Average Velocity-V-fps = 5.998 

FLOW in Gutter-CFS--Q = 4.607 
% Flow in Gutter-CFS = 78.092 

Velocity of Flow in Gutter-fps = 6.987 
Depth at Curb Line-Inches--d = 4.170 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91 

Grate Length--Ft. = 3 -354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 4.826 
Local Gutter Depression-Inches = 1.000 

Length of opening: TOTAL Intercept--Ft. = 33.293 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH ~f f iciency Q (S .D. ) Q (GRATE) Q (INT. ) Q (By-Pass) & CAPT. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

04-22-2005 
PROJECT NAME- R u  TRACS NO.- 
HIGHWAY NAME- @ DESIGNER - p.97 
LOCATION - .  01  AMP 6 12 t ~ 5  CHECKER - ; V ~ C /  PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 1.487 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.050 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./~t.--Ss = 0.050 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- = 2.010 
Manning's 'N = 0.016 

Flow-CFS--Q = 2.800-10 y r  
SPREAD-Ft.--T = 5.254 -Ca'w*, 

Average Velocity-V-fps = 3.767 

FLOW in Gutter-CFS--Q = 2.368 
% Flow in Gutter-CFS = 84.577 

Velocity of Flow in Gutter-fps = 4.277 
Depth at Curb Line-Inches--d = 3.663 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 4.265 
Local Gutter Depression-Inches = 1.000 

Length of opening: TOTAL Intercept--Ft. = 18.971 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S . D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  --...---- - - - - - - - -  - - - - - - -  - - - - - - - - - -  - - - - - - -  
5.000 0.423 1.186 1.569 2.755 0.045 98.39C- 
10.000 0.740 2.073 0.727 2.800 0.000 100.00 
15.000 0.940 2.632 0.168 2.800 0.000 100.00 

1.000 2.800 0.000 2.800 0.000 100.00 
1.000 2.800 0.000 2.800 0.000 100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- ( i ~  TRACS NO. - 
HIGHWAY NAME- DESIGNER - (2517 
LOCATION - OYI, ~ Z I ) I , ~ P  i?, 12 t Y 5  CHECKER - n/?v PAGE 

I Ver 3.40: December 9995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 1.487 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.050 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.050 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.---Sw = 0.067 

Gutter Depression-Inches-- = 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 4.300-soy 
SPREAD-Ft . --T = 6.265 - 8 ' ~ 4 ~  

Average Velocity-V-fps = 4.157 

FLOW in Gutter-CFS--Q = 3.306 
% Flow in Gutter-CFS = 76.890 

Velocity of Flow in Gutter-fps = 4.862 
Depth at Curb Line-Inches--d = 4.269 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 4.933 
Local Gutter Depression-Inches = 1.000 

Length of opening: TOTAL Intercept--Ft. = 23.278 
Capture Ratio - - SLOTTED DRAIN . = 0.670 

Capture Ratio - -  GRATE = 0.500 

I LENGTH Efficiency Q(S.D.) QtGRATE) Q(1NT.) Q(By-Pass) % CAPT. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

03-14-2005  

@PROJECT NAME - Km Tmcs No. - 
DESIGNER - $$k HIGHWAY NAME- 

LOCAT I ON - , rrmp) Q 13-t&)4 I < +  CHECKER - JJnf PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.781 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.024 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./~t.--Ss = 0.024 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- = 2.010 
Manning's IN = 0.016 

Flow-CFS--Q = 0.900'~~~' 
SPREAD-Ft . --T = 4 .877 -%- ,a .~c  

Average Velocity-V-fps = 2.144 

FLOW in Gutter-CFS--Q = 0.838 
% Flow in Gutter-CFS = 93.109 

Velocity of Flow in Gutter-fps = 2.381 
Depth at Curb Line-Inches--d = 2.694 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91 /c 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 3.187 
Local Gutter Depression-Inches = 1.000 

Length of opening: TOTAL Intercept--Ft. = 9.501 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S .D. ) Q (GRATE) Q (INT. ) Q (By-pass) % CAPT. 
- - - - - - - - - - - - - - - -  - - - - - - - - - - - - - - - - - - - - - -  - - - - - - - - - -  - - - - - - - 
5.000 0.739 0.665 0.235 0.900 0.000 100.00~-- 
10.000 1.000 0.900 0.000 0.900 0.000 100.00 

1.000 0.900 0.000 0.900 0.000 100.00. 
1.000 0.900 0.000 0.900 0.000 100.00 
1.000 0.900 0 . 000 0.900 0.000 100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

03-14-2005 
@PROJECT NAME- ~m TRAcs No. - 

HIGHWAY NAME- DESIGNER - Rs&, 
LOCATION - I,.. '\3 \ 3 4 L i I  p +  CHECKER - NDI/  PAGE 
Ver 3.40: ~ e c e d e r  1995' 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.781 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.024 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.024 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./~t.--Sw = 0.067 

Gutter Depression-Inches-- = 2.010 
Manning's 'N = 0.016 

Flow-CFS--Q = 1.500 - 3 * V r  
SPREAD-Ft.--T = 6.551 " b w @ ~  

Average Velocity-V-fps = 2.310 

FLOW in Gutter-CFS--Q = 1.242 
% Flow in Gutter-CFS = 82.808 

Velocity of Flow in Gutter-fps = . 2.745 
Depth at Curb Line-Inches--d = 3.177 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91 ,< 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 3.795 
Local Gutter Depression-Inches = 1.000-' 

Length of opening: TOTAL Intercept--Ft. = 12.098 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S .D. ) Q (GRATE) Q (INT. ) Q (By-Pass) 
- - - - - -  - - - - - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

% CAPT. 
- - - - - - - 
100.00 -- 
100.00 
100.00 
100.00 
100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

04-25-2005 
PROJECT NAME- g~ TRACS NO. - 

DESIGNER - PSg 
LOCATION - %i R A . ~  D 7 Rk CHECKER - fl7,V PAGE 
Ver 3.40: December kg95 

SLOTTED DRAIN W/ GRATE--IN SUMP 

GUTTER FLOW HYDRAULICS 

GUTTER DESCRIPTION 

Roadway Cross-Slope-Ft./~t.--Sx = 0.004 
Shoulder Width-Ft.-- = 8.000 

Shoulder Slope-Ft./~t.--Ss = 0.004 
Gutter Width-Ft.--W = 2.500 

Gutter Slope-Ft./~t.--Sw = 0.067 
Gutter Depression-Inches-- = 2.010 

GRATE TYPE: ADOT STD.--C15.91 
Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Effective Perimeter--Ft. = 7.354 

Capture Ratio - -  GRATE = 0.500 
Capture Ratio - -  SLOTTED DRAIN = 0.500 

Local Gutter Depression-Inches = 1.000 

LENGTH 
- - - - - -  
5.000 
10.000 
15.000 
20.000 
25.000 

Q(S1ot. Dn) Q (Grate) d (inches) SPREAD, Ft . 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

04-25-2005  
PROJECT NAME- Qfi TRACS NO. - 
HIGHWAY NAME- DESIGNER - 
LOCAT ION - UR; L r n n  IU t -27  f?k CHECKER - ,vD\/ PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--IN SUMP 

GUTTER FLOW HYDRAULICS 

GUTTER DESCRIPTION 

Roadway Cross-Slope-Ft./Ft.--Sx = 0.004 
Shoulder Width-Ft.-- = 8.000 

Shoulder Slope-Ft./~t.--SS = 0.004 
Gutter Width-Ft.--W = 2.500 

Gutter Slope-Ft./Ft.--Sw = 0.067 
Gutter Depression-Inches-- - - 2.010 

GRATE TYPE: ADOT STD.--C15.91 
Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Effective Perimeter--Ft. = 7.354 

Capture Ratio - -  GRATE = 0.500 
Capture Ratio - -  SLOTTED DRAIN = 0.500 

Local Gutter Depression-Inches = 1.000 

LENGTH Q(S1ot. Dn) Q (Grate) d (inches) SPREAD, Ft . 
- - - - - -  - - - - - - - - - -  - - - - - - - -  - - - - - - - h e  - - - - - - - - - -  
5.000 0.333 0.067 0.797 0.991 e-8 ' -  
10.000 0.364 0.036 0.200 0.248 
15.000 0.375 0.025 -0.065 -0.081 
20.000 0.381 0.019 -0.220 -0.274 
25.000 0.385 0.015 -0.324 -0.403 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- I?M 
HIGHWAY NAME- 
LOCATION - V a ;  Rawp l‘J+00 K E  
Ver 3.40: December 1995 

TRACS NO 
DESIGNER 
CHECKER 

RSii  
Lbv PAGE 

SLOTTED DRAIN W/ GIIATE--ON GRADE 

GUTTER FLOW HYDF3iULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 
Roadway Cross-Slope-Ft./Ft.--Sx = 

Shoulder Width-Ft.-- = 
Shoulder Slope-Ft./Ft.--Ss = 

Gutter Width-Ft.--W = 
Gutter Slope-Ft./Ft.--Sw = 

-Gutter Depression-Inches-- = 
Manning's 'N = 

Flow-CFS--Q = 2.000-10y~ 
SPREAD-Ft. --T = 6.130 

Average Velocity-V-fps = 2.596 

FLOW in Gutter-CFS--Q = 1.405 
% Flow in Gutter-CFS = 70.258 

Velocity of Flow in Gutter-fps = 2.964 
Depth at Curb Line-Inches--d = 2.590 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 3.275 
Local Gutter Depression-Inches = 1.000 

Length of opening: TOTAL Intercept--Ft. = 20.536 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S .D.) Q(GRATE) Q(1NT.) Q(By-Pass) % CAPT. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

r NAME- Qh TRACS NO 
0 4 - 2 5 - 2 0 0 5  

- - - - - - - - - . 
DESIGNER - 

LOCATION - LIM; Rahp $ I'?r+oo Rt- CHECKER - )Jpv PAGE 
Ver 3.40: December 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 
Roadway Cross-Slope-Ft./Ft.--Sx = 

Shoulder Width-Ft.-- = 
Shoulder Slope-Ft./Ft.--Ss = 

Gutter Width-Ft.--W = 
Gutter Slope-Ft./Ft.--Sw = 

Gutter Depression-Inches-- = 
Manning's IN = 

Flow-CFS- -Q = 2.800 - 50-7.' 
SPREAD-Ft.--T = 6.859 

Average Velocity-V-fps = 2.847 

FLOW in Gutter-CFS--Q = 1.831 
% Flow in Gutter-CFS = 65.402 

Velocity of Flow in Gutter-fps = 3.294 
Depth at Curb Line-Inches--d = 2.984 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 3.701 
Local Gutter Depression-Inches =. . 1.000 

Length of opening: TOTAL Intercept--Ft. = 23.805 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D.) Q(GRATE) Q(1NT.) Q(By-Pass) %CAPT. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

12-13-2004 @ PROJECT NAME- R f l  TRACS NO. - 
HIGHWAY NAME- DESIGNER - ~ S R  
LOCATION - O H $  ( a ~ c - ~  20 t 9 8  P+ CHECUR - ND\/ PAGE 
Vex 3.40: December 1395 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.965 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.004 

Shoulder Width-Ft.-- = 8.000 
Shoulder Slope-Ft./~t.--Ss = 0.004 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.021 

Gutter Depression-Inches-- - - 0.630 
Manning's IN = 0.016 

Flow-CFS--Q = 0.900-loyt 
SPREAD-Ft.--T = 16.537' 

Average Velocity-V-fps = 1.350 

FLOW in Gutter-CFS--Q = 0.417 
% Flow in Gutter-CFS = 46.282 

Velocity of Flow in Gutter-fps = 1.863 
Depth at Curb Line-Inches--d = 1.388 

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.91 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 2.203 
Local Gutter Depression-Inches = 1.000 

Length of opening: TOTAL Intercept--Ft. = 17.152 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S.D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - - - - - - - - -  - - - - - - - - - -  - - - - - - -  
5.000 0.462 0.416 0.463 0.879 0.021 97.63 
10.000 0.793 0.714 0.186 0.900 0,000 100. OO* 

0.976 0.879 0.021 0.900 0.000 100.00 
1.000 0.900 0.000 0.900 0.000 100.00 

25.000 1.000 0.900 0.000 0.900 0.000 100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

12-13-2004 
',PROJECT NAME- R TRAcs No. - 

HIGHWAY NAME- DESIGNER - RE;3,2 
LOCATION - \A , V Y ~ O  \ ;?0+96 R +  CHECKER - NOV PAGE 
Ver 3 .40 :  ~ecember 1995 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 
Roadway Cross-Slope-Ft./Ft.--Sx = 

Shoulder Width-Ft.-- = 
Shoulder Slope-Ft./Ft.--Ss = 

Gutter Width-Ft.--W = 
Gutter Slope-Ft./Ft.--Sw = 

Gutter Depression-Inches-- = 
Manning's IN = 

Flow-CFS--Q = 1 . 2 0 0 " 5 ~ Y ~  
SPREAD-Ft.--T = 18.687 

Average Velocity-V-fps = 1 .433  

FLOW in Gutter-CFS--Q = 0 .493  
8 Flow in Gutter-CFS = 41.072 

Velocity of Flow in Gutter-fps = 1 .990  
Depth at Curb Line-Inches--d = 1 .504  

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--Cl5.91 

Grate Length--Ft. = 3.354 
Grate Width---Ft. = 2.000 

Grate Area--Sq. Ft. = 5 . 1 7 1  
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 2.348 
Local Gutter Depression-Inches = 1.000 

Length of opening: TOTAL Intercept--Ft. = 20.775 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D.) QfGRATE) Q(1NT.) Q(By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - -  - - - - - - - - - -  -...----- 

5 .000 0 .391  0 .469 0 . 6 1 1  1 .080  0 .120  89.98 
10 .000  0.693 0.832 0 .365 1 . 1 9 7  0.003 99 .72  

0.900 1 .080  0 .120 1 .200  0 .000  100 .00  
0.997 1 . 1 9 7  0 .003  1 . 2 0 0  0 .000  100 .00  
1 .000 1 .200  0 .000  1 .200  0 .000  100 .00  



APPENDIX D 

CATCH BASIN DESIGN 

Median Inlet Calculations Summary 



3ed Mountain ~reeway - Power Road to University Drive 

Q:\l7OOO\Active\Water Res\MSexcel\Mediancb.xls Stanley Consultants, Inc. 

iledian Catch Basin Design ADOT Standard C-1 5.80 
Parameters: 

I (inlhr)= 5.86 
Effective Perimeter (ft)= 7 

Effective Area (RA2)= 2.05 

Inlet Station 

!02L Med Sta 1054+40 4' Lt Exst 0.431 1.028 0.876 7.5 7.5 0.50 0.46 0.55 
102L Med Sta 1 078+20 10' Rt 103 0.231 0.606 0.881 4.3 4.3 0.35 0.15 1.32 
102L Med Sta 1081 +90 10' Rt 105 0.257 0.592 0.874 4.3 4.3 0.35 0.16 1.35 
102L Med Sta 1085+50 10' Rt 106 0.244 0.576 0.876 4.2 4.2 0.34 0.15 1.35 
!02L Med Sta 1089+57 10' Rt 108 0.247 0.740 0.887 5.1 5.1 0.39 0.22 2.00 
!02L Med Sta 1089+34 104' Rt 109 3.359 0.000 0.700 13.8 6.9 0.48 0.39 1.58 Double 
t02L Med Sta 1097+42.90 0' Rt 115 1.622 0.464 0.756 9.2 9.2 0.58 0.70 2.09 
102L Med Sta 1 105+40 0' Rt 127 0.873 0.249 0.755 5.0 5.0 0.38 0.20 3.20 
AcD Ramp D Sta 13+57.01 22.5' Rt 142 2.988 0.000 0.700 12.3 6.1 0.44 0.31 0.88 Double 
102L Med Sta 11 19+50 0' Rt 153 0.940 0.269 0.756 5.4 5.4 0.40 0.24 3.20 
102L Med Sta 1 1 18+75 1 17' Rt 155 4.032 0.000 0.700 16.5 8.3 0.54 0.56 1.26 Double 
!02L Med Sta 11 24+00 0' Rt 157 0.579 0.166 0.756 3.3 3.3 0.29 0.09 3.17 
102L Med Sta 11 28+00 0' Rt 160 0.836 0.240 0.756 4.8 4.8 0.37 0.19 3.17 
!02L Med Sta 1128+00 1 17' Rt 161 6.423 0.000 0.700 26.3 13.2 0.73 1.43 2.08 Double 
!02L Med Sta 1130+50 0' Rt 164 0.438 0.126 0.756 2.5 2.5 0.24 0.05 3.16 
!02L Med Sta 1133+94 0' Rt 167 0.644 0.185 0.756 3.7 3.7 0.31 0.11 3.17 
!02L Med Sta 1137+13 92' Rt 170 1.724 0.000 0.700 7.1 7.1 0.48 0.41 0.50 
!02L Med Sta 11 38+92 0' Rt 178 0.525 0.151 0.756 3.0 3.0 0.27 0.07 3.17 
Ack Ramp B Sta 10+90 41' Rt 180 4.333 0.342 0.718 19.7 19.7 0.96 3.19 7.58 
!02L Med Sta 1143+00 0' Rt 184 0.514 0.148 0.756 2.9 2.9 0.27 0.07 1.74 
102L Med Sta 1147+00 0' Rt 186 0.429 0.124 0.756 2.4 2.4 0.24 0.05 1.74 
!02L Med Sta 11 50+34 0' Rt 190 0.255 0.073 0.756 1.5 1.5 0.17 0.02 1.73 
102L Med Sta 1 154+42 21 5' Lt 193 0.386 0.000 0.700 1.6 1.6 0.18 0.02 7.02 
102L Med Sta 1 153+70 200' Rt 195 0.436 0.000 0.700 1.8 1.8 0.19 0.03 1.06 
!02L Med Sta 1156+00 0' Rt 196 0.356 0.102 0.756 2.0 2.0 0.21 0.03 3.20 
!02L Med Sta 1 161 +75 0' Rt 202 0.482 0.138 0.756 2.7 2.7 0.26 0.06 3.20 
1021 Med Sta 11 68+27 0' Rt 210 0.838 0.239 0.755 4.8 4.8 0.37 0.19 3.20 
102L Med Sta 11 78+60 0' Rt 228 1.328 0.379 0.756 7.6 7.6 0.51 0.47 3.20 
!02L Med Sta 1182+00 0' Rt 232 0.951 0.272 0.756 5.4 5.4 0.41 0.24 3.20 
102L Med Sta 11 82+00 11 7' Rt 234 6.293 0.000 0.700 25.8 12.9 0.72 1.37 2.16 Double 
102L Med Sta 1 186+00 0' Rt 239 1.028 0.588 0.294 2.8 2.8 0.26 0.06 1.74 
102L Med Sta 1190+00 117' Rt 243 1.777 0.000 0.700 7.3 3.6 0.31 0.11 1.08 Double 
102L Med Sta 1202+00 0' Rt 253 1.028 0.588 0.791 7.5 7.5 0.50 0.46 3.20 
102L Med Sta 1206+00 0' Rt 257 1.028 0.588 0.791 7.5 7.5 0.50 0.46 3.20 
!02L Med Sta 1206+00 11 7' Rt 259 6.928 0.000 0.700 28.4 14.2 0.77 1.66 1.73 Double 
1021 Med Sta 121 0+00 0' Rt 264 1.028 0.588 0.791 7.5 7.5 0.50 0.46 3.20 

CB 
ID 

Area 
Unpaved (ac) 

Q Each Inlet 
(cfs) 

Area 
Paved (ac) 

Depth Weir 
ft 

Weighted 
C 

Depth Orifice 
(ft) 

Q 50yr 
(cfs) 

Available 
Depth (ft) 

Comments 



3ed Mountain Freeway - Power Road to University Drive 
C GSD 

Stanley Consultants ~ N C  

a 
ADCT 

Jledian Catch Basin Design ADOT Standard C-15.80 
Parameters: 

I (inlhr)= 5.86 
Effective Perimeter (ft)= 7 

Effective Area (ftA2)= 2.05 

Inlet Station CB Area Area Weighted Q 50yr Q Each Inlet Depth Weir Depth Orifice Available Comments 
ID Unpaved (ac) Paved (ac) C (6) (cfs) ft (ft) Depth (ft) 

!02L Med Sta 1210+21 119.54' Rt 28 1 8.114 3.001 0.767 50.0 16.7 0.86 2.29 2.47 Triple 
!02L ~ e d  Sta 1231 +89 219' Rt 284 0.744 0.000 0.700 3.1 3.1 0.28 0.08 0.31 
!02L Med Sta 1222+50 0' Rt 289 0.579 0.166 0.756 3.3 3.3 0.29 0.09 1.74 
!02L Med Sta 1229+21 21 0' Rt 298 1.057 0.303 0.756 6.0 6.0 0.43 0.30 3.20 
3rn Ramp A Sta 24+20 71' Rt 303 0.791 0.000 0.700 3.2 3.2 0.29 0.09 6.93 
!02L Med Sta 1234+75 0' Rt 306 1.018 0.292 0.756 5.8 5.8 0.42 0.28 3.20 
!02L Med Sta 1242+00 0' Rt 312 0.765 0.219 0.756 4.4 4.4 0.35 0.16 3.20 
!02L Med Sta 1247+95 0' Rt 326 0.670 0.191 0.755 3.8 3.8 0.32 0.12 3.20 
3rn Ramp D Sta 20+31 37' Rt 327 9.670 0.000 0.700 39.7 13.2 0.74 1.44 1.65 Triple 
!02L Med Sta 1253+16 0' Rt 334 0.697 0.199 0.756 4.0 4.0 0.33 0.13 3.18 
!02L Med Sta 1258+58 0' Rt 340 0.633 0.181 0.756 3.6 3.6 0.31 0.1 1 3.20 
!02L Med Sta 1263+50 0' Rt 34 1 0.377 0.591 0.853 4.8 4.8 0.38 0.19 3.11 
!02L Med Sta 1266+98 8' Lt 342 0.162 0.479 0.887 3.3 3.3 0.29 0.09 1 .O1 
!02L Med Sta 1269+50 8' Lt 344 0.193 0.571 0.887 4.0 4.0 0.33 0.13 0.95 
!02L Med Sta 1272+50 8' Lt 346 0.166 0.494 0.887 3.4 3.4 0.30 0.10 0.95 
!02L Med Sta 1279+50 4' Rt 347 0.284 0.842 0.887 5.9 5.9 0.43 0.28 1.03 
!02L Med Sta 1282+00 4' Rt 349 0.161 0.477 0.887 3.3 3.3 0.29 0.09 1 .OO 
102L Med Sta 1283+75 4' Rt 350 0.145 0.431 0.887 3.0 3.0 0.27 0.07 1 .OO 
!02L Med Sta 1290+95 155' Rt 353 0.815 0.000 0.700 3.3 3.3 0.29 0.09 NIA Orifice plate 
:AP UP Sta 58+50 18.75' Rt 355 0.000 0.987 0.950 5.5 5.5 0.41 0.25 NIA Orifice plate 
!02L Med Sta 1293+70 8' Rt 356 0.055 0.242 0.904 1.6 1.6 0.18 0.02 1.20 
!02L Med Sta 1296+62 8' Rt 358 0.093 0.293 0.890 2.0 2.0 0.21 0.03 1.20 
102L Med Sta 1298+30 92' Rt 360 0.221 0.000 0.700 0.9 0.9 0.12 0.01 1.03 
Jni Ramp 8 Sta 14+27 29.37' Rt 364 0.662 0.000 0.700 2.7 2.7 0.26 0.06 0.44 
Ini Ramp A Sta 12+48 24' Lt 365 0.413 0.000 0.700 1.7 1.7 0.19 0.02 0.46 
!02L Med Sta 1300+00 8' Rt 367 0.217 0.437 0.867 3.3 3.3 0.29 0.09 1.20 
!02L Med Sta 1302+85 85.09' Lt 370 0.41 2 0.000 0.700 1.7 1.7 0.19 0.02 0.42 
102L Med Sta 1302+85 8' Rt 37 1 0.183 0.383 0.869 2.9 2.9 0.27 0.07 0.90 
!02L Med Sta 1307+318' Lt 378 0.289 0.662 0.874 4.9 4.9 0.38 0.20 1.12 
!02L Med Sta 1292+95 135' Lt 385 1.761 0.242 0.730 8.6 8.6 0.55 0.60 4.14 
!02L Med Sta 1292+25 8' Rt 386 0.072 0.319 0.904 2.1 2.1 0.21 0.04 0.96 
'6th St Sta 13+84.69 226.8' Lt 384 0.000 0.641 0.950 3.6 3.6 0.3 1 0.10 0.31 
!02L Med Sta 11 73+00 11 7' Rt 395 6.054 0.653 0.724 28.5 9.5 0.59 0.74 1 .OO Triple 



Spook Hill FRS Floodpool Drawdown 

P M F  

7200 8640 

Time (minutes) 



PMF FRS Stagelstorage and TimelStage Curves 
Stagelstorage Time/Stage 

Sum of Inflow Basin Cumulative New New Basin 
Inflow Volume Spillway Reduce Stored Stage 

Time Hydrographs 3.805 3.804 3.042 2.396 1.486 0.370 Cum. Outflow Volume Volume (Sed -1574.8) 
(min) (cf S) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (acre-f t) (cfs) (acre-ft) (acre-ft) (f t) 

721 1 1587.80 

PMF Drawndown 10-05-05.xls Stage Curve (PMF)-2 day 



100-Year FRS StagelStorage and TimelStage Curves 
Stagelstorage TimelStage 

Sum of Inflow Basin Cumulative New New 
Inflow Volume Spillway Reduce Stored Basin 

Time Hydros 3.805 3.804 2.731 2.396 1.818 1.145 0.447 0.370 Cum. Outflow Volume Volume Stage 
(min) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (acre-ft) (cfs) (acre-ft) (acre-ft) (ft) -------- 

27 1 1578.80 

I I I I I I I I I I I I I I I I 
*Most time increments not shown. Various calculations chosen across entire time range for demonstration purposes. 

PMF Drawdown 10-05-05.xls Stage Curve (1 00)-2 day 



Summary of FRS and Freeway Detention Storage 
I I Total Stage-Volume 

for Combined 
Elevation FRS & Freeway 

(ft) (acre-ft) 

I 
RED are interpolated values 
BOLD is sediment level elevation 
BOLO ITALICS is lateral weir elevation (and O.lft above) 

PMF Drawndown 10-05-05.xls Ref Stage-Store 



Notes: 
1. Rating curve differs from HEC-RAS. HEC-RAS ignored discharge thru the 2x2 opening in the P.S. 
For purposes of drawdown it was necessary to account for the discharge. 
2. Stage storage was also modified to remove 241 acre-ft of sediment so that the drawdown analysis 
could be performed (else the sed elevation would have prevented discharge below the P.S. crest). 

PMF Drawndown 10-05-05.xls Outlet Rating- lncl 2x2 



Table 
Rating Table for Rectangular Orifice 

-- 

Project Description 

Worksheet Principal Spillway Low Flow Outlet 

Type Rectangular Orifice 
Solve For Discharge 

Input Data 

Centroid Elevation 1,569.10 ft 
Tailwater Elevation 1,568.1 0 ft 
Discharge Coefficient 0.60 
Opening Width 2.00 ft 
Opening Height 2.00 ft 

Attribute Minimum Maximum Increment 

Headwater Elevation (ft) 1,569.1 0 1,577.50 0.40 

Project Engineer: Information Systems 
q:\ ... \I 1 -water res\cjoy\flowmasterlred mtn.fm2 Stanley Consultants, Inc FlowMaster v7.0 [7.0005] 
10/05/05 04:51:50 PM 0 Haestad Methods, lnc. 37 Brookside Road Waterbury, CT 06708 USA +1-203-755-1666 Page 1 of 1 

Velocity 
(Ws) 

NIA 

3.04 
4.30 
5.27 
6.09 
6.81 
7.46 
8.05 
8.61 
9.13 
9.63 
10.10 
10.54 
10.98 
1 1.39 
11.79 
12.18 
12.55 
12.91 
13.27 

Headwater 
Elevation 

(ft) 

1,569.10 
1,569.50 
1,569.90 

1,570.30 
1,570.70 
1,571.1 0 
1,571.50 
1,571.90 
1,572.30 
1,572.70 
1,573.1 0 
1,573.50 
1,573.90 
1,574.30 
1,574.70 
1,575.1 0 
1,575.50 
1,575.90 
1,576.30 
1,576.70 
1,577.1 0 54.45 13.61 

Discharge 
(cfs) 

NIA 
12.18 
17.22 

21.09 
24.35 
27.23 
29.83 
32.21 
34.44 
36.53 
38.50 
40.38 
42.18 
43.90 
45.56 
47.16 
48.70 
50.20 
51.66 
53.07 



Curve 
Plotted Curves for Rectangular Orifice 

Project Description 

Worksheet Principal Spillway Low Flow Outlet 

TY Pe Rectangular Orifice 
Solve For Discharge 

Input Data 

Centroid Elevation 1,569.10 ft 
Tailwater Elevation 1,568.10 ft 

Discharge Coefficient 0.60 

Opening Width 2.00 ft 
Opening Height 2.00 ft 

Attribute Minimum Maximum Increment 

Headwater Elevation (ft) 1,569.1 0 1,577.50 0.1 0 

d.U 

1569.0 1570.0 1571 .O 1572.0 1573.0 1574.0 1575.0 1576.0 1577.0 1578.0 
Headwater Elevation 

(ft) 

Project Engineer: Information Systems 
q:\ ... \ l  I -water res\cjoy\flowmasteAred mtn.fm2 Stanley Consultants, Inc FlowMaster v7.0 [7.0005] 
10/05/05 04:54:58 PM O Haestad Methods, lnc. 37 Brookside Road Waterbury, CT 06708 USA +1-203-755-1666 Page 1 of 1 



Red Mountain Freeway - Power Road to University Drive 

Addendum to: 

FINAL DRAINAGE REPORT - VOLUME 1 & VOLUME 2 
RED MOUNTAIN FREEWAY (SR 202L) 
Power Road to University Drive 
ADOT Contract No. 04-1 5 
SCI Project No. 17000 
April 2005 

Prepared for: Arizona Department of Transportation 
205 S. 1 7'h ~ v e .  
Phoenix, AZ 

Prepared by: Stanley Consultants 
2929 E. Camelback Rd., Suite 130 
Phoenix, AZ 8501 6 

With Subconsultants: 
J2 Engineering & Environmental Design 

The following is a listing of revisions and replacements to the Final Drainage Report: 

VOLUME I 

TABLE OF CONTENTS: 

Remove TABLE OF CONTENTS sheets i through vii (sealed 4-26-05) and replace with 
new TABLE OF CONTENTS sheets i through vii (sealed 8-18-05) 

Final Drainage Report Body: 

Remove Final Drainage Report page 1 of 71 through page 71 of 71 and replace with 
new page I of 74 through page 74 of 74. 

APPENDIX B 
PRINCIPAL SPILLWAY OUTLET 
Structural Calculations: 

Final Drainage Report Red Mountain Freeway (SR 202L) - Addendum Listing Page I of 6 



Remove all sheets in the Structural Calculations section of Appendix B and replace with 
new sheets. 

Replace sheet (on light blue colored paper) titled: 

APPENDIX C 
HEC-RAS UNSTEADY FLOW ANALYSES 

1 00-Year Analysis 
PMF Analysis 
Pump Station Storm Drain 
Emergency Spillway Overtopping Analysis 
Spook Hill FRS Drawdown Time 

With new sheet (on light blue colored paper) titled: 

APPENDIX C 
HEC-RAS UNSTEADY FLOW ANALYSES 

100-Year Analysis 
PMF Analysis 

7 
fu 

Pump Station Storm Drain /' 
Emergency Spillway Overtopping Analysis 
Spook Hill FRS Drawdown Time 

Add the following sections to Appendix C: 

APPENDIX C 
HEC-RAS UNSTEADY FLOW ANALYSES 
Emergency Spillway Overtopping Analysis 
(10 sheets) 

APPENDIX C 
HEC-RAS UNSTEADY FLOW ANALYSES 
Spook Hill FRS Drawdown Time 
(4 sheets) 

Final Drainage Report Red Mountain Freeway (SR 202L) - Addendum Listing Page 2 of 6 



VOLUME 2 

Replace sheet (on light blue colored paper) titled: 

APPENDIX F 

STORM DRAIN DESIGN 

North End Storm Drain 
Middle Storm Drain 
Pump Station Storm Drain 
South End Storm Drain 
South Trunk Storm Drain 
Pump Station Outlet Culvert Hydraulics 
ADOTIFCDMC Storm Water Quality Correspondence 

With new sheet (on light blue colored paper) titled: 

APPENDIX F 

STORM DRAIN DESIGN 

North End Storm Drain 
Middle Storm Drain 
Pump Station Storm Drain 
South End Storm Drain 
South Trunk Storm Drain 
McDowell Road Storm Drain 
McKellips Road Storm Drain 
Brown Road Storm Drain 
Pump Station Outlet Culvert Hydraulics 
ADOTIFCDMC Storm Water Quality Correspondence 

Add the following sections to Appendix F: 

APPENDIX F 
STORM DRAIN DESIGN 
McDowell Road Storm Drain 
(3 sheets) 

APPENDIX F 
'STORM DRAIN DESIGN 
McKellips Road Storm Drain 
(4 sheets) 

Final Drainage Repoti Red Mountain Freeway (SR 202L) -Addendum Listing 
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APPENDIX F 
STORM DRAIN DESIGN 
Brown Road Storm Drain 
(4 sheets) 

Replace all 3 sheets of: 

APPENDIX H 
McKELLlPS ROAD 
PUMP STATION ANALYSIS 
Pump Station & RCB Vault Stage-Storage 

With new 3 sheets. 

Replace all 4 sheets of: 

APPENDIX H 
McKELLlPS ROAD 
PUMP STATION ANALYSIS 
Freeway Drainage System 50-Year Hydrograph 
(Pump Station Design Inflow Hydrograph) 

With new 4 sheets. 

Replace 1 sheet of: 

APPENDIX H 
McKELLlPS ROAD 
PUMP STATION ANALYSIS 
Summary of Pump Curves 

With new sheet. 

Replace all (23) sheets in: 

APPENDIX H 
McKELLlPS ROAD 
PUMP STATION ANALYSIS 
Main Storm Water Pump 

With new 23 sheets. 

Final Drainage Report Red Mountain Freeway (SR 202L) - Addendum Listing 

8/22/2005 
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Replace all ( I  I )  sheets in: 

APPENDIX H 
McKELLlPS ROAD 
PUMP STATION ANALYSIS 
Submersible Pump 

With new 11 sheets. 

Replace 1 sheet of: 

APPENDIX I 
LlFT STATION CALCULATIONS 
Signal Butte Lift Station 

With new sheet. 

Replace all (44) sheets in: 

APPENDIX I 
LlFT STATION CALCULATIONS 
CAP & FRS Equipment Underpass Lift Stations 

With new 44 sheets. 

Replace sheets of: 

APPENDIX J 
DRAINAGE DESIGN PLANS 

With new 38 sheets 

Final Drainage Report Red Mountain Freeway (SR 202L) -Addendum Listing Page 5 of 6 



VOLUME 2 

Section B (tabbed) (Prepared by J2 Engineering and Environmental Design 

Replace all (14) sheets in: 

Appendix A: Hydrologic Analysis 
Rational Method Calculations 
Drainage area map 

With new 14 sheets. 

Replace all (3) sheets in: 

Appendix C: Collector Channel Hydraulic Calculations 
Baffle Chute Spillway 

With new 3 sheets 

Replace all (24) sheets in: 

Appendix C: Collector Channel Hydraulic Calculations 
Impact Basin Energy Dissipaters 

With new 24 sheets. 

Final Drainage Report Red Mountain Freeway (SR 202L) - Addendum Listing Page 6 of 6 
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Joe Rumann - FCDX 

From: Joy, Charles [JoyCharles@stanleygroup.com] 

Sent: Tuesday, June 07,2005 6:20 PM 

To: Joe Rumann - FCDX 

Joe, 

Just quickly the info I have then I'II try to get J2's input. 

For Las Sendas Channel: 

From the 30% Report Technical Appendix B, the hydrology file DHEC24.DAT hard copy output has a peak discharge of 1507 cfs 
for the routing hydrograph R415 which is identified as the Las Sendas Channel. 

The note next to the peak discharge says "to be conservative, assume 1600 cfs". . . .it's my handwriting. To be conservative a value 
of 1600 cfs was used as the design Q for the 30% HEC-RAS analysis of the Las Sendas Channel. J2 used the 1507 cfs from the 
model rather than the 1600 cfs. 

For Table 1: 

Most of the Qs from Table 4 of the 30% DMJM report seem to correspond directly to values in J2's Table 1 with the exception of a 
few areas were J2 revised the areaslhydrology. So the most inlet locations don't appear to have changed maybe a few added. 

From 30%, few of the inlet values were derived from the HEC-1 model so most don't have a correlation to any HEC-1 subbasins (a 
few of the larger inflows do). Most were determined using the Rational Method but the actual method used was the most 
conservative of the HEC-1, Rational Method, Area Ratio or Culvert Ratio Methods (you'd really have to read the 30% report for an 
explanation of all methods). 

Hope that helps some. I'II get with Chris and see if J2 can't provide any better information. 

Charlie 

Charles Joy, P. E., CFM 
Sr. Water Resources Engineer 

Stanley Consultants, Inc. 
2929 E Camelback Rd, Suite 130 
Phoenix, AZ 85016 
(602) 91 2-6500 
(602) 91 2-6577 (fax) 
JovCharles@stanle~qroup. corn 



MEMO 

TO: 
I 

Joe Rumann - FCDMC DATE: June 2,2005 j dl:p 7 
2801 W Durango St -- --- _ 
Phoenix, AZ 

FROM: Charlie Joy 

SUBJECT: H&H models for Red MtnlSpook 

Joe, 

Included are the HEC-I and HEC-RAS that Stanley Consultants used in the analysis of the Spook Hill FWS. The 
models/files are listed below along with a brief summary of the use and origin. If I can be of any assistance, or if 
there are any questions, please gve me a call at 602-912-6555. 

Thanks, 
Charlie 

HYDROLOGY MODELS 

CAP Overchute: DDMSW files that were used to revise Subbasin 50 of the East Mesa ADMP. Subbasin 
50 is the uppermost basin of a particular routing reach in the East Mesa ADMP 
hydrology. (SCI) 

SCFINAL5.DAT - 50-yr existing conditions HEC-1 hydrology of Subbasin 50 revised 
to account for the proposed freeway extension. Used to size the ADOT northeast channel 
and a freeway culvert. (SCI) 

SCFINAL1,DAT - 100-yr existing conditions MEC-I hydrology of a portion of the East 
Mesa ADMP hydrology that includes Subbasin 50 with a revised Subbasin 50 to account 
for the proposed freeway extension. Used to size a new ADOT detention basin at the 
CAP Overchute. (SCI) 

SC-UPDEX.DAT - An "updated" 100-yr existing conditions HEC-1 hydrology of the 
East Mesa ADMP hydrology. "Updated" does not refer to updating hydrologic 
parameters for the fi-eeway (see report for discussion of need to revise existing conditions 
model for comparison to proposed conditions). Compared to SCFINAL1 .DAT for pre 
vs. post project impact. (SCI) 

Spook Hill Watershed 100YR.DAT & PMF.DAT - Spook Hill watershed models for the 100-yr and PMF 
events. Used to obtain input hydrographs for the HEC-RAS unsteady flow analysis of the 
Spook Hill FRS flood pool. (DMJM+Harris) 

Q;117000Wctive107-Designlff-Water ReslCJoyICorrespon~IetzcelRut~~c~~rn - ff&H Models Surnnza~y Menzo.doc Page I of 2 



HYDRAULIC MODELS 

Northeast Channel NE-dlhanne1.PR.l- Steady flow HEC-RAS analysis of the ADOT northeast channel for 
the 50-yr design condition. 

Spoek Hill Floodway Thomas.PRJ - Steady flow HEC-RAS analysis of the Spook Hill Floodway from the 
Spook Hill FRS Principal Outlet Spillway to the beginning of the natural wash area 
upstream of Bush Highway. A number of plans of various scenarios are included 
including existing conditions for various discharges (design Q, bank full, overtopping, 
proposed, proposed plus offsite). Used at 30% for assessment of the Floodway capacity 
and to determine available excess capacity. (DMJM+Harris) 

Spook Hill FRS 30% RM06-30.PRJ - The 30% HEC-RAS unsteady flow design models for the Spook Hill 
FRS as provided by DMJM-tHanis. Includes existing conditions, proposed conditions 
with and without sediment for the 100-year and PMF events. (DMJM+Harris) 

Spook Hill FRS Final SHFRS100-PRJ - Unsteady flow HEC-RAS models submitted as final design models 
for the 100-year and PMF events of the Spook Hill FRS. Included in the project are 
plans to assess higher n values than used for the project design. (SCI) 

SOFTWARE EXECUTABLES 

HEC-1 V4.1 HEC1.EXE - HEC-1 Version 4.1 is used for all HEC-1 analyses. 

HEC-RAS V3.1.1 RAS-EXE - HEC-RAS Version 3.1.1 should be used for the Spook Hill FRS Unsteady 
Flow Analyses. It is not know if other provided models utilized Version 3.1.1 or Version 
3.1.2. With the exception of the FRS unsteady flow analyses, either 3.1.1 or 3.1.2 should 
be suitable. 

52 FILES 

The J2 files names appear to be self explanatory. There are HEC-RAS files for the Las Sendas Channel and the 
86th Street Channel. The HEC-1 model appears to be the 100-yr existing conditions model from DMJM+Harris 
probably used for some of the offsite flows. 
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