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Subject: Salt River Channel - East of Price (Pima) 

Message : 
We have received the 95% PLS, hydrology, and hydraulics for review and 
comment. We reviewed P&Sback in spring 1995. 

ADOT would like our review comments by Feb. 9, which isn't much time 

I am sending you the following for review - 

FBF - a set of the levee plan sheets 

WFR/KA - set of levee plans, hydrology and hydraulics, and the specs. 
I am also sending you a copy of the previous review memos, which 
really don't contain much information, but will refresh your memorys 
as to what we have done in past reviews. 

C&M should review the construction and 0&M access aspects 

Engineering should review the CSA section of the specs, the hydrualic 
calcs versus toedowns, the plans to confirm the required toedowns, and 
any other related engineering concern. 

Please get me your written comments by.Feb. 7. 

Thanks ! ! 
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100-Year and 10-Year Design Salt River Water Surface Elevations 
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Control Line 
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I. INTRODUCTION 

A. Introduction and Purpose 

The Red Mountain Freeway, between the Red Mountain Traffic Interchange and McKellips 
Road, will be designed and constructed in two phases. The Phase I Dobson Road Connection 
project is constructed and includes a portion of the eastbound mainline traffic lanes, Ramp B 
of the Dobson Road Traffic Interchange, and the southern portion of Dobson Road. 
Concurrently, the City of Mesa (COM) constructed an extension of Dobson Road between the 
Dobson Road Traffic Interchange and Eighth Street. The Phase I1 Red Mountain Freeway 
project will construct the remaining freeway improvements adjacent to Phase I, and extend the 
full freeway improvements beyond Alma School Road. A temporary connection will be built 
to terminate the freeway at McKellips Road. New traffic interchanges will be designed at 
Dobson Road and Alma School Road as part of the Phase 11. 

In support of the Final Design Submittal, this report summarizes the hydrologic and hydraulic 
analyses performed for the on-site and off-site drainage systems. In addition, a summary of 
the hydraulic design for the Alma School Drain and a summary of the hydraulic analysis for 
the bank protection improvements are presented. 

The drainage design for the Red Mountain Freeway was prepared in accordance with current 
ADOT and FHWA design criteria. The drainage design also conforms to the requirements 
of the Red Mountain Freeway Final Environmental Impact Statement (EIS). The drainage 
system is designed to be compatible with existing adjacent ADOT and City of Mesa local 
drainage improvements. The ultimate freeway design will reduce the flood potential along the 
south bank of the Salt River and provide outfalls for runoff generated from the contributing 
watershed. 

B. F'roject Location 

The Red Mountain Freeway (Phases I and 11) is located in Maricopa County, Arizona, within 
Sections 4, 8, 9, 17, and 18 of Township 1 North, Range 5 East of the Gila and Salt River 
Baseline & Meridian. Avicinity map for the project is illustrated in Figure 1. A recent aerial 
photograph which defines the limits of Phase I and I1 construction is provided in Figure 2. 

C. Description of Improvements 

1. Existing Conditions 

Phase I1 of the proposed Red Mountain Freeway is bounded on the west by the Price 
Freeway; on the east by McKellips Road; on the north by the Salt River; on the south 
by agricultural fields, Riverview Park, the Mesa Northwest Water Reclamation Plant, 
sand and gravel mining operations, and a mobile home park. The City of Mesa 
percolation ponds were reconfigured as part of the Red Mountain Traffic Interchange 
(T.I.) construction projects to compensate for the Red Mountain Freeway 
encroachments. 

STANLEY CONSULTANTS 
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Several existing City of Mesa storm drains exist within the subject watershed. Generally, 
they were designed to collect roadway drainage generated by a 10-year (or less) storm 
event and route it to the Salt River. Engineering documentation (as-built drawings) was 
available for only a portion of the facilities. The following paragraphs identify the major 
storm drains located within the watershed. 

McLellan Road - a storm drain (ranging in diameter from 36" to 54") routes local street 
runoff to a concrete channel located west of Alma School Road. Flows are then routed 
via the channel to the Salt River. 

Alma School Road - a 30" RGRCP carries flow from residential streets south of 
McLellan Road to the Alma School Drain. 

Alma School Road - a 24" pipeline drains Alma School Road between Heather Drive 
and McLellan Road and discharges into the McLellan storm drain. 

Country Club Drive - a 54" and 72" storm drain collects street flows and discharges them 
into a concrete ditch just south of Lehi Road. An additional storm drain in Country 
Club Drive routes flows south to the McLellan Road storm drain. 

The Alma School Drain (Tempe Drain) is an existing open channel which crosses the 
Red Mountain Freeway alignment between Dobson Road and Alma School Road. The 
Alma School Drain serves as a wasteway for the Tempe Canal as well as an outlet for 
local storm drains to the Salt River. 

Proposed Roadway Improvements 

Phase I1 of the Red Mountain Freeway project lies within the incorporated limits of the 
City of Mesa. Phase I1 will construct the eastbound and westbound mainline lanes 
beginning at the Price Freeway (Sta 355+00) and ending west of McKellips Road (Sta 
498+00). The mainline will provide three through lanes in each direction of travel. 
Traffic interchanges will be constructed at Dobson Road and Alma School Roads. Major 
bridge and culvert structures will be constructed at Dobson Road, the Alma School 
Drain, Sunward Materials Equipment underpass, and Alma School Road. 

Significant changes were incorporated into the design concept since the initial submittal. 
To reduce project construction costs, the HOV lane was eliminated east of the Red 
Mountain Traffic Interchange and the mainline will be constructed with an open median. 
A auxiliary lane was added to the westbound mainline between Dobson Road and the 
Future RMTI Ramps W-S and W-N. Auxiliary lanes were added between Dobson Road 
and McKellips Road. Dobson Road was changed to a non-curbed section under the 
interchange. The Sunward Materials underpass was eliminated and subsequently added, 
resulting in significant profile changes between Dobson Road and McKellips Road. The 
McKellips Road Traffic Interchange was reconcepted to provide a half diamond 
interchange, thus eliminating the C-D roads and replacing them with auxiliary lanes 
between the McKellips Road Ramps and the Alma School Road Ramps. In addition, 
the new interchange concept at McKellips resulted in significant profile changes to the 
mainline and Alma School Ramps C and D. 

STANLEY CONSULTANTS 



In conjunction with ADOT's Phase I1 improvements, the City of Mesa is currently 
constructing street improvements to widen Alma School Road south of the Red 
Mountain Freeway. 

D. Drainage Plans 

The final on-site drainage plans for Phase I1 of the Red Mountain Freeway are provided in 
Exhibit I. Although the complete Salt River bank protection plans are presented in a 
separate report, the bank protection is illustrated graphically on the drainage plan and profiles 
provided in Exhibit I. 

STANLEY CONSULTANTS 



11. OFF-SITE HYDROLOGIC ANALYSES 

A. General Discussion 

The hydrologic analysis of the Red Mountain Freeway was performed for the on-site and off- 
site contributing drainage areas. The on-site hydrologic analysis was performed by Stanley 
Consultants, Inc. (SCI) and is discussed in detail in Section 111. Wood/Patel Associates, Inc. 
(WPA) performed the off-site hydrologic analysis for the Red Mountain Freeway. Presented 
below is a summary of the hydrologic analyses utilized to design the off-site drainage system 
and cross-drainage structures. 

Due to the limited right-of-way at McKellips Road and Country Club Drive it was assumed 
that stormwater runoff collected along the south side of the Red Mountain Freeway will be 
routed to the Salt River east of Country Club Drive (near Center Street). This is a key design 
assumption for the drainage design for the Countr Club Drive to Gilbert Road section of the 
Red Mountain Freeway. 

B. Watershed Characteristics 

1. General Discussion 

Off-site hydrologic analyses were performed in accordance with procedures and 
methodologies outlined in the ADOT drainage design manual. The hydrologic analyses 
were performed for the existing and design condition scenarios. The existing hydrologic 
analyses were performed to generate the largest peak discharge and volume of runoff 
from the contributing watershed. The existing condition considers the City of Mesa's 
detentiodretention requirements for new development which will occur in the vicinity of 
the Red Mountain Freeway. 

2. Watershed Description 

The area of the watershed contributing to Phase I1 of the Red Mountain Freeway is 
approximately 6.7 square miles. It consists of a variety of land uses (single-family 
residential development, apartment complexes, commercial properties, industrial areas, 
irrigated fields, and untilled land). The drainage characteristics of the watershed may be 
divided into two distinct categories. The rural environment of the Salt River Pima 
Maricopa Indian Communitybhi area and the urban environment of the City of Mesa. 

Runoff from the agricultural land on the Salt River Pima Maricopa Indian Community 
is characterized by sheet flow toward the southwest. The flat slopes (0.2%) and tilled 
fields in this area result in long times of concentration and significant attenuation of the 
flow. It is anticipated that this flow will be collected and conveyed in a channel along 
the north side of the proposed freeway. The channel outfall may be located along the 
McDowell Road alignment. The final alignment will be determined during design of the 
Country Club Drive to Gilbert Road Section of the Red Mountain Freeway. 

South of the proposed freeway and north of McKellips Road, the watershed consists of 
large residential lots (one acre or more) in the Lehi area. This area is generally 
characterized by flat slopes, little local relief and flow from east to west. Some flow will 
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follow local east-west residential streets, but most runoff will occur as shallow sheet flow. 
For this reason, long times of concentration will occur (relative to more urban areas to 
the south). The westward direction of flow in this area is intercepted by the proposed 
freeway. Along portions of the freeway where this occurs; flow may be routed along the 
south right-of-way parallel to the freeway in an channel or storm drain, or flow may be 
directed across the freeway via cross drainage structures. 

Adjacent to McKellips Road, commercial and residential properties drain to McKellips 
Road, where concentrated flow continues to the westerly toward the Salt River. Many 
of the mobile home parks and commercial areas along McKellips Road have a high 
percentage of impervious areas and do not include any retention facilities. Therefore, 
a significant volume of runoff will originate from these sub-basins. Slopes range from 
0.14 percent to 0.21 percent along McKellips Road. 

The southernmost portion of the watershed (roughly between McKellips Road and the 
Tempe Canal) consists of single-family residential areas, apartment complexes, and 
commercial property. The majority of this area was developed prior to the development 
of strict drainage guidelines. Therefore, the volume of runoff created from this area is 
relatively high in comparison to other portions of the watershed. The City of Mesa 
currently requires new developments to retain the 100-year 2-hour storm event. 

Stormwater runoff follows a natural swale in the topography from east to west with the 
low point located between McKellips Road and McLellan Road. Although the runoff 
originates as sheet flow on residential and commercial lots, flow quickly becomes 
concentrated along local collector and arterial streets. 

This part of the watershed also includes the historic south bank of the Salt River. Side 
slopes along this bank are very steep (as much as 20% in many areas) but the overbank 
areas are fairly flat (slopes less than 1 percent). The Utah Canal, owned and operated 
by Salt River Project, is located midway down the historic Salt River south bank. The 
canal is an earth-lined ditch used for urban irrigation deliveries, and has a capacity of 
approximately 300 to 400 miner's inches, or 7.5 to 10 cfs. The canal is tiled in areas 
where flow would otherwise be likely to enter the canal, thereby allowing flow to pass 
over the canal unobstructed. In areas where residential development is located adjacent 
to the canal, block walls and local residential drainage patterns direct flow away from the 
canal and on to streets that pass over the canal. The canal outfall is an 18" RGRCP 
connected to the Country Club 54" storm drain. 

The Tempe Cross Cut Canal forms the southern boundary of the watershed and the 
Consolidated Canal forms the eastern boundary of the watershed. Because Salt River 
Project's operating procedure to evacuate the canals in advance of and during major 
storm events to reduce the possibility of overtopping; it was assumed that these canals 
do not contribute flow to the watershed. This is accomplished by discharging water 
through wasteways that convey canal water to the Salt River. The Hennessy Wasteway 
is located on the Southern Canal upstream of the watershed, and the Tempe Drain 
(Alma School Drain) is located along the Tempe Cross Cut Canal just east of Alma 
School Road. 

STANLEY CONSULTANTS 



C. Previous Hydrologic Studies 

The majority of existing hydrologic studies were performed to identify off-site and on-site 
runoff within individual developments. In addition, hydrologic studies were performed for the 
City of Mesa to design the storm drain systems within the watershed. A master drainage study 
has not been developed for the watershed. City of Mesa topographic mapping, aerial 
photographs, as-built plans, subdivision drainage plans, etc. were reviewed as part of the 
development of the off-site hydrologic analyses. 

D. Watershed Computer Modeling 

1. General Discussion 

In order to evaluate the hydrologic performance of a watershed, a database of physical 
properties was established for the watershed. The primary factors which affect the 
hydrologic response of a watershed are drainage area size, topography, soilbegetation 
type and distribution, and rainfall characteristics. The off-site hydrologic analysis for the 
Red Mountain Freeway was performed according to procedures outlined in ADOT's 
drainage design manual. 

A computerized rainfalyrunoff model was developed for the off-site contributing 
watershed using the U.S. Army Corps of Engineers Flood Hydrograph Package (HEC-1). 
The amount and temporal distribution of the rainfall, the runoff characteristics of the 
watershed, and the hydraulic properties of the channels that collect and convey the direct 
runoff are entered as numerical parameters in the HEC-1 program. The output then 
provides a hydrograph at user-selected locations which can be used for the design of 
drainage channels and cross-drainage structures. 

The 1991 extended array version of HEC-1 was used for this study. The models 
presented with this report should only be run with the 1991 program. The use of the 
1990 (or earlier) version of HEC-1 to execute the input files developed for this project 
may result in different peak discharge values. The following sections present a general 
overview of the primary factors described above as they relate to the contributing 
watershed for the Red Mountain Freeway. 

2. Drainage Pattern & Sub-Basin Delineation 

The off-site watershed was divided into fifty (50) sub-basins in order to maximize the 
homogeneity in the HEC-1 modeling parameters. Each sub-basin was considered to have 
relatively uniform hydrologic parameters. Sub-basin delineations and drainage flow paths 
are illustrated in Ebihibit 11. The delineations were made on the basis of topographic 
mapping and local residential area flow patterns. Field investigations were used to verify 
the sub-basin delineations. 

The majority of the contributing watershed consists of residential and agricultural areas 
which both have mostly overland flow (sheet flow) and shallow channel flow along 
streets. In general, an attempt was made to confine a single major channel element, or 
prominent flow path, to each sub-basin. Sub-basins were terminated at the confluence 
with other major channel elements. The drainage area sizes, slopes, and other physical 
basin parameters are presented in Table I. 
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TABLE I 
RED MOUNTAIN FREEWAY, PHASE II 

Off-Site Watershed Su b-Basin Parameters 

SLOPE NOT BASED ON TOTAL CHANGE IN ELEVATION 

Subarea Are8 Length 
Numkr  (it) (sq ml) 

Length 

(ml) (it) 
Lcr 

(ml) Elevrtlon 
Lcr 

Elevrtlon 
Top 

(itlml) 
Bottom 

Area 
S lop  

(hr) 

Percent 
Imprv. 

(hr) 

Watershed 
T y p  

Tlnm of 
Conc. 

Storage 
Coeiilclent 



3. Rainfall Data 

The hydrologic response of a watershed is dependent upon rainfall characteristics such 
as depth, duration, spatial and temporal distribution of the rainfall event. The rainfall 
depth is a function of the probability of occurrence and the duration of the event. This 
probability is expressed as a recurrence interval (50-year, 100-year, etc.) which is often 
defined as the average interval of time within which the magnitude of an event will be 
equaled or exceeded at least one time. The 100-year 24-hour storm event in conjunction 
with the Corps hypothetical distribution were utilized for this study. 

Rainfall depths for the project drainage area were developed using isopluvial maps and 
regression equations developed by the National Oceanic and Atmospheric 
Administration. Point rainfall estimates were computed using the Bureau of 
Reclamation's PREFRE computer program. Table I1 summarizes point precipitation 
values for the project watershed. 

TABLE I1 
Point Rainfall Depths 
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Duration 

5-min 

10-min 

15-min 

30-min 

1-hr 

2- hr 

3-hr 

6-hr 

12-hr 

24-hr 

500-yr 
(in.) 

0.89 

1.36 

1.76 

2.39 

3.00 

3.26 

3.44 

3.77 

4.15 

4.53 

10-yr 
(in.) 

0.47 

0.71 

0.90 

1.21 

1.50 

1.63 

1.72 

1.89 

2.08 

2.26 

50-yr 
(in.) 

0.64 

0.98 

1.25 

1.69 

2.12 

2.30 

2.43 

2.67 

2.93 

3.20 

25-yr 
(in.) 

0.56 

0.86 

1.10 

1.48 

1.85 

2.01 

2.12 

2.33 

2.56 

2.79 

100-yr 
(in.) 

0.71 

1.10 

1.41 

1.91 

2.38 

2.59 

2.73 

3.00 

3.30 

3.60 

2 - ~ r  
(in.) 

0.29 

0.44 

0.54 

0.71 

0.87 

0.95 

1 .OO 

1.10 

1.20 

1.30 

5-IT 
(in.) 

0.40 

0.60 

0.75 

1.01 

1.25 

1.36 

1.43 

1.58 

1.73 

1.88 



4. Soil Properties & Surface Cover 

Soil data from the Soil Conservation Service (SCS) was used in conjunction with 
procedures and methodologies outlined in the ADOT drainage design manual to 
determine the infiltration parameters for the watershed. The vegetative cover ranges 
from 0% for the agricultural fields between growing seasons, to 60% in the residential 
areas. The soil types occurring in the study watershed are presented in Table 111. 

5. Interception and Infiltration Losses 

The Green-Ampt infiltration equation was used to simulate rainfall losses due to 
infiltration into the soil matrix. The surface retention loss and the rate of rainfall 
infiltration must be estimated. The parameters for this equation are estimated as a 
function of soil texture. The soil is placed in one of twelve texture classes based on the 
percentage sand, silt, and clay and the size gradation. 

The three Green-Ampt infiltration parameters used in the 1991 version of HEC-1 are: 
1) hydraulic conductivity at natural section (XKSAT); 2) wetting front capillary suction 
(PSIF); and 3) volumetric soil moisture deficit at the start of rainfall (DTHETA). One 
of these parameters (hydraulic conductivity) can be adjusted for the effects of vegetation 
ground cover. These parameters are functions of soil characteristics, ground surface 
characteristics, and land management practices. 

Soil horizon data from the SCS soil survey was combined with Green-Arnpt parameter 
values published by ADOT to develop Green-Ampt infiltration parameters for the soil 
associations listed in Table I11 of this report. Table V lists the calculated Green-Ampt 
parameters used in the HEC-1 model. 

Most drainage areas will be composed of more than one soil type and may require the 
determination of composite values for the Green-Ampt parameters. The procedure used 
to determine these values is to average the area-weighted logarithms of the individual 
subarea XKSAT values and to select the PSIF and DTHETAvalues from a graph. Table 
IV shows the area-weighted logarithm procedure for determining the sub-basin composite 
XKSAT values. After the composite XKSAT value is determined, the values of PSIF 
and DTHETA are selected from Figure 3-3 in the ADOT drainage design manual. 

Unit hydrograph methodology is used to route the time increments of excess rainfall from 
the watershed (or sub-basin) to the watershed outlet (or modeling concentration point). 
The hydrograph of one-inch of excess runoff from a storm of specified duration for a 
specific watershed is called a unit hydrograph. In order to properly develop a unit 
hydrograph for a particular watershed, an adequate database (rainfall and runoff records) 
is required. 
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TABLE I 1 1  
RED MOUNTAIN FREEWAY, PHASE II 

Offalto W a t u a h d  Soil T y p u  

SOlL UNIT AREAS IN SQUARE MILES 

Subarea 
ID 

Total 
Area 

Soil T y p  

SOIL UNIT 
RIB 

Oravelly 
Loam 

Ru 
Rough 

BrokenLand 

PnC 
Qravelly 

Loam 

Am 
Allwld 
L a d  

Om 
Loam 

PvA 
V. Orav. 
Loam 

Av 
Clay 
Loam 

RIA 
Qrsvelly 

Loam 

L.A 
Loam 

Qf 
F l m  Sandy 

Loam 

Pm 
Clay 
Loam 



TABLE I V  
RED MOUNTAIN FREEWAY, PHASE II 

Calculation of Subbasin Composite XKSAT 

Compodu XKSAT = antilog (wm(A(1) log00(SAT(i))] 1 A) 
where A(i) = Area d Soil Unit within Subbasln (fran Table Ill-A) 

A = Total Subbasin Area (from Table Ill-A) 
XKSAT(1) = XKSAT Value for Soil Unit (below) 

Subaraa Composite m(i) log(XKSAT(i)) 
ID XKSAT, inlhr Am Av Of Om b A  Pm PnC PVA RIA RIB Ru 

XKSAT tor Soil Unit 1.21 0.041 0.25 1 0.25 1 0.25 1 0.04 I 0.4 1 0.4 1 0.4 1 0.4 1 0.4 

log XKSAT 0.0792 1 -1.3979 1 -0.6021 1 -0.6021 1 -0.6021 1 -1.3979 1 -0.3979 1 -0.3979 1 -0.3979 1 -0.3979 1 -0.3979 



TABLE V 0311 5/95 

RED MOUNTAIN FREEWAY, PHASE II 
Grew-Ampt 

Subarea Composite Vegetatlv. Ck 
ID XKSAT, lnlhr Cover. K 

10 0.28 90 1.80 
20 0.06 43 1.36 
30 0.09 2 1.00 
40 0.04 0 1.00 
50 0.06 43 1.36 
60 0.1 1 28 1.20 
70 0.08 43 1.36 
80 0.07 42 1.36 
90 0.06 30 1.22 
100 0.13 6 1.00 
110 0.08 18 1.09 

120 0.40 33 1.25 
130 0.1 2 34 1.26 
140 0.04 8 1.00 
1 SO 0.08 28 1.20 
160 0.1 1 23 1.14 
170 0.1 1 8 1.00 
180 0.10 33 1.25 
1 85 0.20 33 1.25 
190 0.23 27 1.18 
200 0.08 23 1.14 
21 0 0.04 13 1.03 
220 0.04 23 1.14 
230 0.04 23 1.14 
240 0.04 8 1.00 
250 0.04 8 1.00 
280 0.04 22 1.13 
270 0.1 0 18 1.09 
280 0.38 48 1.41 
290 0.1 1 35 1.28 
300 0.04 23 1.14 
31 0 0.25 32 1.24 
320 0.04 23 1.14 
330 0.25 23 1.14 
340 0.29 33 1.25 
350 0.25 39 1.32 
360 0.05 33 1.25 
370 0.04 33 1.25 
380 0.26 50 1.44 
390 0.21 28 1.19 
400 0.29 47 1.41 
410 0.22 27 1.18 
420 0.04 30 1.22 
430 0.04 32 1.24 
440 0.07 31 1.23 
450 0.04 80 1.n 
460 0.04 8 1.00 
4 70 0.08 23 1.14 
480 0.1 7 22 1.13 
490 0.1 7 25 1.16 
500 0.25 23 1.14 

Inflltratlon Puarndra  

1 4  DTHETA PSIF, M]usted RTIMP, 
In (normal) In XKSAT K 

0.47 0.25 4.9 0.53 1 

0.14 0.15 8.5 0.09 14 
0.48 0.15 7.5 0.09 1 
0.50 0.15 9.6 0.04 0 
0.14 0.15 8.5 0.08 14 
0.20 0.16 7.0 0.13 29 
0.14 0.15 7.8 0.1 1 14 
0.13 0.1 8.1 0.09 15 
0.26 0.15 8.5 0.07 12 
0.45 0.21 6.5 0.13 8 
0.38 0.15 7.0 0.09 7 

0.12 0.25 4.2 0.50 34 
0.12 0.19 6.7 0.15 32 
0.07. 0.15 9.6 0.04 85 
0.11 0.15 7.8 0.09 43 
0.10 0.16 7.0 0.13 54 
0.07 0.16 7.0 0.1 1 85 
0.12 0.15 7.1 0.13 35 
0.12 0.25 5.5 0.25 35 
0.10 0.25 5.2 0.27 47 
0.10 0.15 7.8 0.10 54 
0.08 0.15 9.6 0.04 75 
0.10 0.15 9.6 0.05 54 
0.10 0.15 9.6 0.05 54 
0.07 0.15 9.6 0.04 85 
0.07 0.15 0.6 0.04 85 
0.09 0.15 0.6 0.05 56 
0.09 0.15 7.1 0.1 1 64 
0.15 0.25 4.2 0.54 5 
0.12 0.16 7.0 0.14 30 
0.10 0.15 0.6 0.05 54 
0.11 0.25 5.0 0.32 36 
0.10 0.15 9.6 0.05 54 
0.10 0.25 5.0 0.29 54 
0.12 0.25 4.8 0.37 35 
0.13 0.25 5.0 0.33 22 
0.12 0.15 9.0 0.07 35 
0.12 0.15 9.6 0.05 35 

0.50 0.25 5.0 0.37 10 
0.11 0.25 5.4 0.25 45 
0.47 0.25 4.6 0.40 5 
0.10 0.25 5.3 0.26 47 
0.11 0.15 9.6 0.05 40 
0.11 0.15 9.6 0.05 36 
0.11 0.15 8.1 0.09 39 
0.50 0.15 0.6 0.07 10 
0.07 0.15 9.6 0.04 85 
0.10 0.15 6.5 0.07 54 
0.09 0.25 5.8 0.20 57 
0.23 0.25 5.8 0.19 31 
0.10 0.25 5.0 0.29 54 



Since very few watersheds in Arizona have adequate data, an indirect method is usually 
used to develop a synthetic unit hydrograph. This synthetic hydrograph is representative 
of all of the composite effects of the storm and watershed characteristics that result in 
excess runoff from the watershed. The synthetic hydrograph procedure recommended 
by ADOT is the Clark unit hydrograph. The Clark unit hydrograph requires the 
estimation of three parameters; the time of concentration (T,), the storage coefficient 
(R), and a time-area relation. 

Time of concentration is the travel time, during the corresponding period of most intense 
rainfall excess, for a flood wave to travel from the hydraulically most distant point in the 
watershed to the point of interest. The agriculturaVurban Tc equations used for the 
project site are presented below. 

Agricultural: c =7. 2 ~ 0 . 1  LO. Z L  CB 0 . 2 5 9 . 2  

Urban: ;r,=3. 2 A O .  l L O . 2 5 L  ca 0 . 2 5 9 .  14RnMp4.36 

where: 
T, = Time of concentration, (hours); 
A = Area, (square miles); 
L = Length of watercourse to hydraulically most distant point, (miles); 
L, = Length measured from the concentration point along L to a point 

on L that is perpendicular to the watershed centroid, (miles); 
S = Watercourse slope, (ftJmile) 

RTIMP = Effective impervious area, in percent. 

The storage coefficient is a Clark unit hydrograph parameter that relates the effects of 
direct runoff storage in the watershed to unit hydrograph shape. The equation for 
estimating the storage coefficient (R) is: 

where: 
R = Storage coefficient (hours); 
Tc = Time of concentration (hours); 
L = Length of watercourse to the hydraulically most distant point 

(miles); 
A = Area (square miles). 

The time-area relation is a graphical parameter that specifies the accumulated area of 
the watershed that is contributing runoff to a concentration point at any given time. 
Sufficient data was not available to analyze the watershed by producing areas that have 
equal incremental travel times to the outflow location. Therefore, synthetic time-area 
relationships "A" and "C' from ADOT Table 4-1 were utilized for this analyses. These 
relationships are presented in Table VI. 
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Table VI 
Values of the Dimensionless Synthetic Time-Area 

Relations for the Clark Unit Hydrograph 

Channel Routing Parameters 

Runoff from overland flow areas (yards, fields, etc.) will ultimately reach some type of 
defined channel (streets, etc.) where it joins with other runoff and continues downstream 
as open channel flow. The modified puls channel routing operations were used to route 
hydrographs from one sub-basin to the next. The "normal depth, storage outflow" option 
in HEC-1 was used for sub-basin routing operations. 

Contributing Area, 
as a Percent of Total Area 

AGIUCULTURAL WATERSHED "c" 

0 

3 

5 

8 

12 

20 

43 

75 

90 

96 

100 

'IM% 
AS A PERCENT 

OF Tc 

0 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

Field observation, review of USGS quadrangle maps, and engineering judgement were 
used to develop channel routing geometries for the storage routing operations. The 
routing procedure utilizes input that describes the channel length, slope, roughness, and 
geometry. An &point cross-section with variable overbank and channel roughness values 
is utilized. 

Contributing Area, 
as a Percent of Total Area 

URBAN WATERSHED 
!!A" 

0 

5 

16 

30 

65 

77 

84 

90 

94 

97 

100 
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In residential areas, routed flows do not follow a specific street, but instead may spread 
out among several streets. Where this is likely to occur, the width and length of channels 
in the HEC-1 model were adjusted to accurately model the basin. On any street routing 
procedure, building or block wall offsets from the curb were included as part of the 
channel cross-section and were based on field observations and engineering judgement. 
In residential areas, a Manning's "n" value of 0.016 was used for street flow and 0.030 
was used for flow outside of the street. A summary of HEC-1 routing parameters is 
provided in Table VII. 

8. Flow Diversions 

The City of Mesa storm drain system is designed to handle the 10-year storm event. 
Flows up to and including the 10-year event were diverted from the surface flow at the 
McKellips Road/Country Club Drive intersection and at the Alma School Road/McLellan 
Road intersection. The capacities of the storm drains were estimated assuming normal 
depth flow. 

In addition to storm drain diversions, two other diversion points were included in the 
HEC-1 model. Field investigations determined that significant flow splits occur at the 
McKellips Road/Mesa Drive intersection and at the McKellips Road/Country Club Drive 
intersection. Flow distributions were estimated based on normal depth capacities of each 
roadway section. Diversion sub-routines were included in the HEC-1 model for these 
areas. 

9. On-site Retentiofletention Facilities 

Many of the residential areas within the study watershed include at least some retention. 
From 1973 to 1987, the City of Mesa drainage design ordinances required retention of 
the 50-year, 24-hour storm volume for new development; in 1987 the drainage ordinance 
was modified to require retention of the 100-year, 2-hour storm volume. However, many 
areas within the urbanized watershed were constructed prior to 1973 and do not have 
stormwater retention. 

In order to determine the quantity of retention provided within individual developments, 
City of Mesa subdivision design records were reviewed and, where data was not available, 
estimates of retention basin sizes were made based on field observation. 

Subareas for which the retention requirement was known were modeled accordingly. If 
the design event was not known, but significant retention facilities were evident, the 
smaller of the 100-year 2-hour event or the 50-year 24-hour event was used to determine 
the retention volume. Subareas with little or no apparent retention facilities were 
modeled with no retention. 

In order to account for on-site retention within particular sub-basins, "dummy reservoirs" 
were added to the HEC-1 model. Reservoir volumes were sized to model the 100-year 
2-hour or 50-year 24-hour City of Mesa retention requirements. Runoff created by the 
100-year 24-hour storm event was routed through the reservoir to simulate the 
attenuation and/or translation of the hydrographs. Runoff in excess of the reservoir 
capacity was allowed to flow out of the reservoir to the next downstream sub-basin. 
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E. Ponding at Alma School Road 

A large earthen berm around the gravel mining operation (located north of the Alma School 
Drain) and a slight sag in the Alma School Road profile cause a significant volume of 
ponding to occur on and adjacent to Alma School Road during major storm events. During 
the 100-year, 24-hour storm event, approximately 1400 cfs concentrates near the intersection 
of McLellan and Alma School Roads; ponds east of Alma School Road, and then flows in two 
directions. 

First, a portion of the flow continues west in a 48" storm drain along McLellan Road. A part 
of the flow in excess of the storm drain capacity will continue into the existing gravel mining 
operation west of Alma School Road. Flow not entering the gravel pit, combined with the 
McLellan Road storm drain flow, totals 250 cfs (concentration point 499C) in the 100-year 24- 
hour storm. This 250 cfs is the flow arriving at the Red Mountain Freeway. The flow was 
estimated based on a flow distribution along a cross-section on the gravel mining operation 
property. A 54" outlet pipe located in a detention basin west of Alma School Road on the 
south side of the Red Mountain Freeway is proposed to route flows to the Salt River. This 
detention basin receives pavement runoff from 18 acres of Freeway storm drains as well as the 
250 cfs flow arriving from the east. With storage routing in the approximately 2-acre detention 
basin, the basin peak inflow of 270 cfs is attenuated to a peak of 190 cfs. 

If blockage of the outlet pipe should occur, or if more than 250 cfs should arrive at the culvert 
from the east, the excess flow will enter the gravel pit to the south. If the gravel pit fills, flow 
will continue through the Sunward Materials equipment underpass and into the Salt River. 
The equipment pass has a flow capacity nearly equal to the 1400 cfs arriving at the McLellan 
Road and Alma School Road intersection, and is located approximately 5 feet below the 
surrounding natural grade. It therefore serves as a very effective emergency overflow 
structure. 

It must be noted that any future construction within the gravel mining operation must 
preserve a path for emergency overflows with no decrease in capacity compared to the existing 
condition. 

Second, flows are diverted south along Alma School Road. Stormwater runoff on Alma 
School Road ponds to a depth of approximately 1 foot before outfalling into the Alma School 
Drain. 

F. Summary of Results 

The summary output from the HEC-1 computer program for Phase I1 of the Red Mountain 
Freeway is presented in Appendix A. The off-site peak discharges are summarized in Table 
VIII. 

Note that it is assumed that the flow at concentration point 65C will be routed to the Salt 
River east of Country Club Drive, near Center Street. This is a key design assumption for 
the drainage design for the Country Club Drive to Gilbert Road section of the Red Mountain 
Freeway. 
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Flow arriving at concentration point 105C (Country Club Drive) totals 20 cfs in the 100-year 
event and remains on the south side of the freeway until it reaches McKellips Road. It then 
combines with flow arriving from the east along McKellips, and crosses the freeway at 
McKellips Road. The combined flow is about 220 cfs at concentration point 275C. 

Table VIII 
Peak Discharge Values for the Red Mountain Freeway 

Phase I1 Off-Site Drainage Areas 
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QIW 
(cfs) 

370 

420 

590 

20 

220 

250 

190 

Concentration 
Point 

35C 

45C 

65C 

105C 

275C 

499C 

Basin 

Description of Concentration Point 

North Channel 
McDowell and Stapley Roads 

North Channel 
McDowell Road and Mesa Drive 

South Channel 
Lehi Road and Center Street 

South Channel 
Freeway at Country Club Drive 

Cross Drainage 
Freeway at McKellips Road 

Cross Drainage 
at McLellan Road Alignment 

Detention Basin Outflow 



111. ON-SITE DRAINAGE 

A. General Discussion 

The on-site drainage system is designed to optimize the number and location of storm drain 
catch basins, minimize maintenance requirements, provide safe and efficient access for 
maintenance operations; and allow for staged construction of the Red Mountain Freeway 
projects into an integrated drainage system. Generally, on-site runoff is intercepted by catch 
basins and conveyed through storm drain laterals to cross-culverts or roadside ditches which 
outfall to the Salt River. 

1. Previous Studies 

A previous on-site drainage study was performed in November 1992 for the global design 
of the Red Mountain Traffic Interchange. In October 1993, the Red Mountain Freeway 
alignment, Red Mountain Traffic Interchange ramps, and the Dobson Road T.I. were 
modified as a result of the Draft Environmental Impact Statement. The final Drainage 
Report for the Phase I Dobson Road Connection Portion of the Red Mountain Freeway 
was completed in September 1994. 

This report documents the on-site drainage system for Phase I1 of the Red Mountain 
Freeway, between the Red Mountain Traffic Interchange and the temporary connection 
at McKellips Road. 

2. Design Criteria 

The drainage design criteria for this project is based on ADOT's Design Procedures 
Manual. To  reduce construction costs, the HOV lane was removed and an open median 
will be constructed east of the Red Mountain T.I. However, the cross-road bridges will 
be constructed to the ultimate freeway width at Dobson Road and Alma School Road. 

Mainline pavement superelevated away from the median is designed for the ultimate 
closed median condition. It is assumed that all the area from the construction centerline 
would be paved in the future and contribute runoff to the catch basins located along the 
outside shoulder. 

Mainline pavement superelevated towards the median is designed for an open median 
condition. The contributing drainage area includes the interim pavement and the open 
median. Therefore, the drainage area and runoff contributing to the median catch basins 
is greatest for the interim condition. The storm drain laterals in the median are located 
to permit paving the median and relocating the basins adjacent to future barrier. Median 
storm drain connector pipes are located within the future shoulder to prevent sign 
foundation conflicts. 

Since the open median section is considered a long-term interim condition, the design 
pavement spread was increased to 9 feet along the open median curb and gutter. Nine 
feet of spread encroaches into the 12 foot travel lane approximately 1 foot for the interim 
design. The design spread along the outside shoulder is designed based on no more than 
one-half travel lane encroachment for the 10-year frequency storm. 
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Normal crowned mainline pavement sections are designed for closed median conditions. 
All catch basins along the outside shoulder are sited assuming a future closed median 
condition which generates larger contributing drainage areas. In addition, catch basins 
are sited at convenient cross culvert locations and low points in the median to intercept 
and convey the interim open median runoff. 

ADOT District Maintenance requested that all outfalls to roadside ditches utilize ADOT 
standard flared end sections (C-13.20) with riprap pads to reduce outlet erosion. ADOT 
District Maintenance indicated that these facilities require less maintenance than 
alternative designs. 

At Alma School Road, cross-road ramps superelevated towards the infield are designed 
to convey runoff to infield channels using scuppers. It was considered cost prohibitive 
to construct a storm drain lateral and catch basin to intercept the ramp runoff at these 
locations. Detail J presents the scupper design as part of the 100% drainage plans. 

Runoff on the north side of the Red Mountain Freeway sheet flows down the bank 
protection into the Salt River. 

Double catch basin systems were designed for all off-ramp gore locations. The first basin 
was placed approximately 105 feet behind the back-of-gore to intercept the contributing 
runoff. This basin is located on the upstream side of the barrier GET system where 
runoff depths can exceed the 3 inch height of the Type D curb and gutter section. A 
second basin was placed 13 feet behind the back-of-gore at the beginning of the gore 
curb and gutter transition. This basin intercepts all the contributing stormwater and 
reduces runoff from crossing the gore onto the ramp. 

Runoff: The on-site runoff was quantified using the rational method as outlined in 
ADOT's hydrology manual. 

Runoff Coefficients: 

Paved Surfaces 0.95 
Highway Slopes 0.70 

(Decomposed granite with 
3:l slopes or less) 

Highway Slopes 0.60 
(Decomposed granite with 
less than 5:l slopes) 

Time of Concentration: The time of concentration for the on-site runoff was determined 
using ADOTs hydrology procedures. The minimum time of concentration is 10 minutes 
(overland flow plus routing time). All the roadway inlet catch basins default to the 
minimum 10 minute time of concentration. The computed time of concentration for two 
of the infield basin areas was in excess of 10 minutes. 
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Rainfall Intensity: ADOT's hydrology manual was used to determine rainfall intensities. 
This method is based upon the 6-hour and 24-hour precipitation depths at the project 
site. The rainfall intensity is iteratively determined at the point of interest using the 
actual time of concentration and the site specific intensity-duration-frequency curves 
developed for this project. 

3. Study Methods 

a. Hydrology 

The rational method was used to estimate the peak discharge for the on-site 
drainage areas. These discharges were then used to determine the design gutter 
flow, pavement spread, catch basin size and spacing, temporary ditch design flow, 
and storm drain sizing. The catch basins were generally designed for 100 percent 
interception with little or no flow-by. Therefore, the contributing area for catch 
basins in series is assumed to extend only to the next upstream catch basin. 

b. Hydraulics 

The FHWA's Hydraulic Engineering Circular No. 12 (HEC-12) was used as the 
basis for gutter and catch basin interception hydraulics. HEC-12 uses a modified 
Manning's equation for gutter flow and a combination of weir, orifice and empirical 
relationships for catch basin hydraulics. 

ADOT's roadway inlet design computer program, which is based on HEC-12, was 
used extensively for gutter and catch basin hydraulic design. The efficiency of the 
catch basins utilize criteria outlined in ADOT's Design Procedures Manual. Output 
presented with this submittal from the ADOT inlet computer program was spot 
checked for accuracy with HEC-12 procedures. 

Temporary roadside ditch hydraulics are based primarily on FHWA's Hydraulic 
Design Circular No. 4. Criteria for minimum slope, maximum velocity, and 
freeboard, comply with ADOT design criteria. The 10-year water surface elevation 
in traffic interchange infield channels is designed for 1 foot below the adjacent 
subgrade elevation and under all circumstances, 3 inches below the lowest adjacent 
travel lane. Manning's equation was used to calculate normal depth for the 
temporary roadside ditches. 

B. InletKatch Basin Design 

The rainfall intensity-duration-frequency relationship for the Red Mountain Freeway was 
determined using procedures outlined in ADOTs Hydrology Manual. The point rainfall 
depths at the project site are provided in Table 111. The concept roadway drainage area maps 
are presented in Exhibit IV. Catch basin design runoff calculations are presented in Appendix 
B. 

The catch basins are sized and spaced based on several considerations and design criteria. The 
roadway catch basins are located at all points of vertical sag and sized for 100 percent 
interception at acceptable ponding depths and pavement flow spread. Roadway catch basins 
on grade are located to meet acceptable ponding depth and spread, and are generally sized 
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for 100 percent interception. Roadway catch basins are also located near points with zero 
percent superelevation, cross-road intersections, interim sump conditions at cross-road bridges, 
and at gore areas to prevent runoff from accumulating and crossing travel lanes. ADOT 
pavement drainage analysis computer program output for the design of the Red Mountain 
Freeway is presented in Appendix B. Inlet and catch basin efficiencies conform to ADOT 
standards and are indicated on the inlet program output. Grated catch basins on cross-roads 
and cross-road interchanges will be designed using Type EF or equivalent grates. 

C. Storm Drain Design 

Hydraulic grade line calculations were performed using THYSYS and STORMCAD computer 
programs. The Texas Hydraulic SYStem (THYSYS) is an integrated system of computer 
programs for highway hydraulic design and analysis developed by the Texas Department of 
Transportation. The SEWER sub-system was used to calculate the hydraulic grade line for 
a majority of the storm drain systems. The THYSYS program is capable of calculating open 
channel, full flow, and pressure flow hydraulic grade line solutions. Minor losses were 
calculated and input manually into the THYSYS computer program using equations presented 
in the new ASCE manual. The minor junction losses calculated using the ASCE equations 
were determined to be conservative when compared to other procedures (i.e., Pima County, 
Maricopa County). STORMCAD was used on longer storm drain systems to account for the 
impact of system flow time on the cumulative discharge. 

The storm drain pipe profiles are presented in Exhibit I on the final drainage plans. The 
THYSYS and STORMCAD hydraulic grade line calculations for the Red Mountain Freeway 
drainage system are presented in Appendix D. The storm drain hydraulic grade line was 
designed to a minimum of one foot below the top of the roadway grate inlets for the 10-year 
storm event. 

Sections of the freeway mainline were constructed using retaining walls at cross-road traffic 
interchanges. Storm drain laterals were placed in the middle of the median shoulder. Catch 
basins are connected to the storm drain lateral with Tee's or manholes which are spaced to 
meet ADOT design criteria. Typically, the first storm drain in a series is connected directly 
to a manhole. The storm drain lateral location should reduce pipe excavation and backfill 
depths by keeping the pipe higher in the fill. In addition, the proposed storm drain lateral 
location will provide maintenance access from the shoulder. 

D. Main Storm Drains 

The cross-culverts which outfall to the Salt River are the main storm drain outfalls for the 
roadway and off-site drainage. New major cross-culverts proposed for the Red Mountain 
Freeway include the Alma School Drain, the cross-culvert outfalling the detention basin in the 
southwest quadrant of the Alma School Road T.I. (Sta 460+00), and a cross-culvert between 
Alma School Road and McKellips Road (Sta 489+95). 

Cross-culverts were designed in accordance with ADOT and FHWA procedures and 
methodologies. The hydraulic grade lines were a n a b e d  for two conditions: 1) the 10-year 
off-site contributing discharge and a tailwater elevation based on the 100-year water surface 
elevation in the Salt River; 2) the 100-year off-site discharge and a tailwater elevation based 
on the 10-year water surface elevation in the Salt River. The hydraulic grade line elevations 
are presented on the pipe profiles in Exhibit I. The water-surface elevation in the Salt River 
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is based on the hydraulic analyses for the Red Mountain Freeway and not the effective Salt 
River Flood Insurance Study. The Salt River water-surface elevations determined for the Red 
Mountain Freeway should be conservative since the 100-year design discharge (220,000 cfs) 
does not consider the impact of the reconstructed Roosevelt Dam. 

E. Outlet Design 

The on-site drainage system is generally connected to the off-site system of cross-culverts which 
outfall to the Salt River. One new major storm drain system will outfall to the Salt River 
independent of the cross-culverts. The new system outfalls to a drainage channel and 
eventually the Salt River at the northeast quadrant of the Alma School Road T.I. 

F. Proposed Drainage Improvements 

A summary of the storm drain systems to be constructed with Phase I1 of the Red Mountain 
Freeway is provided below: 

1. Sag Vertical Curve (Sta 356+002) 

The Red Mountain Freeway sag vertical curve at Sta 356+00 is located in the vicinity of 
the Price Road Outfall. The sag vertical curve is also located at the beginning of a 
horizontal curve. As a result, the eastbound mainline rotates through a superelevation 
transition with zero percent cross-slope. 

The drainage design at the sag vertical curve concentrates the roadway drainage into 
storm drain laterals. The storm drain then drops into the top of the Price Road Outfall 
box culvert. The Price Road Outfall construction plans indicate a 24-inch pipe stub was 
placed through the top of the slab with Change Order No. 1 (DWG D-1.2). The 
temporary connection to the tunnel, constructed with the Dobson Road Connection 
project, will be removed and replaced with a 60" manhole and a 60" to 3 0  eccentric for 
access behind the proposed barrier. 

2. Red Mountain T.I. Ramps W-S & W-N (Sta 376+50&) 

The catch basins were sited to intercept all roadway runoff prior to the temporary barrier 
installation. A basin was sited at Sta 377+00 and timber capped for future use at the 
beginning of the gore curb and gutter transition to prevent cross-over flow onto the off- 
ramp. Phase I1 constructs two westbound catch basins and connects them to a storm 
drain lateral constructed with the Dobson Road Connection. 

3. Sag Vertical Curve (Sta 385+50+) 

The hydrologic analyses for this system assumes that PBQD will design the exit ramp 
drainage system to intercept all the runoff prior to the back of gore location. The 
interim drainage will sheetflow under the temporary barrier into the percolation ponds 
until the ramp drainage system is constructed. 
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The system developed at this location intercepts all runoff prior to the beginning of the 
temporary barrier installation. Runoff from the westbound lanes will be collected into 
a cross-culvert, which outlets into a off-site drainage channel on the south side of the 
freeway. 

4. Embankment Downdrain (Sta 396+302) 

Phase I1 will construct a catch basin for the westbound roadway and connect to a storm 
drain lateral built with Phase I. The freeway runoff will be conveyed through the storm 
drain lateral to the eastbound catch basin and embankment downdrain. The runoff will 
then be conveyed through a channeled to a cross-culvert and outfall into the Salt River. 

5. Cross-Culvert Outfalls (Sta 400+50 to Sta 408+50) 

The cross-culverts constructed along this segment with the Dobson Road Connection will 
be extended to outfalls in the bank protection with Phase 11. Cross-culverts at stations 
400+50 and 407+70 are ADOT roadway drainage outfalls to the Salt River. The culvert 
at station 407+70 also conveys off-site runoff to the Salt River. 

The City of Mesa 72" storm drain is extended to a headwall in the bank protection as 
part of this phase of construction. The cross-culvert at Sta 408+50 is an extension of an 
off-site drainage culvert to the Salt River. No ADOT roadway drainage contributes to 
this culvert. 

6.  Red Mountain Freeway at the Dobson Road T.I. 

The Red Mountain Freeway mainline profile crests at Dobson Road and is in a 
horizontal curve at this location. The on-site drainage system will collect roadway runoff 
from the eastbound median and westbound lanes into a storm drain lateral which 
discharges into the off-site cross-culvert at Sta 407+45. Permanent catch basins which 
were timber capped in Phase I will be constructed to their ultimate configuration. 

7. Dobson Road 

Roadway runoff from Dobson Road is collected by ramp infield basins since no curb and 
gutter will be constructed along Dobson Road at the interchange. Stormwater collected 
a the ramp low points and infields are conveyed to the storm drain trunkline in Dobson 
Road which outfalls to the Salt River. 

8. Dobson Ramps C & D 

Runoff is collected at the back-of-gore curb and gutter transition for Ramp C. Runoff 
which collects in the median prior to the mainline superelevation cross-over and Ramp 
D back-of-gore is collected and conveyed in a single storm drain system to the Salt River. 
Runoff collecting along the Ramp D right-of-way ditches is collected by area drains and 
conveyed to the Alma School Drain. 
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9. Sag Vertical Curve (Sta 441 +00&) 

Runoff contributing from east and west of the sag low point are conveyed to the Salt 
River through independent storm drain systems. Eastbound contributing runoff west of 
the sag low point is collected at the sag low point without violating ADOT design spread 
criteria. The westbound contributing runoff east of the sag low point will be intercepted 
by a series of catch basins which connect to a storm drain lateral in the westbound 
median shoulder. 

East of the sag low point, westbound runoff is collected by catch basins located along the 
median at locations where the design spread approaches nine feet. These catch basins 
outfall directly to the Salt River per ADOT comments to reduce the storm drain lateral 
that would be required longitudinally within the median. 

10. Alma School Ramp B Gore (Sta 460+00&) 

A storm drain system connects two catch basins east of the Alma School Road Ramp B 
back-of-gore. Roadway drainage collected by these catch basins will be conveyed through 
a storm drain which outfalls to the detention basin in the southwest quadrant of the 
Alma School Road T.I. Runoff from these basins is conveyed to the Salt River through 
a cross-culvert at Sta 460+00. 

11. Cross-Culvert Outfall (Sta 460+00&) 

The cross-culvert at Sta 460+00& serves as a major outfall for off-site (McLellan Rd. 
storm drain and surface runoff) and roadway drainage west of approximately Sta 485 +00. 
Roadway and infield drainage from Alma School Ramps B and D, the southern portion 
of Alma School Road, and the mainline to Sta 485+00 are conveyed to the detention 
basin in the southwest quadrant of the Alma School Road T.I. In addition, the McLellan 
Road storm drain will be reconstructed to outfall to this facility. The detention basin 
attenuates the contributing peak discharge from approximately 250 cfs to 190 cfs for the 
100-year, 24-hour design storm event. Stormwater collected in the detention basin is 
conveyed under the freeway through a 54" circular pipe culverts which outfalls directly 
to the Salt River. 

12. Northwest Alma School T.I. Drainage Channel (Sta 471 +00k) 

The northwest Alma School T.I. drainage channel conveys stormwater runoff to the Salt 
River along the riverside of the bank protection. Roadway and infield drainage from 
Alma School Ramps A and C, runoff from the mainline at the bridges, and the northern 
two-thirds of Alma School Road is conveyed in this channel. 

13. Alma School Ramp B (Sta 17+00f) 

Runoff is collected at the sag low point of Alma School Ramp B. A scupper is sited 
prior to the superelevation cross-over and runoff is conveyed to the ramp infield. The 
collected stormwater is conveyed to the detention basin. 
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14. Alma School Ramp D (Sta 1 +go*) 

Runoff is collected at the sag low point of Alma School Ramp D using grated catch 
basins and the ramp infield. The collected stormwater is conveyed to the detention basin 
through a catch basin in the south right-of-way. 

15. Alma School Ramps C and D Gore (Sta 482+00&) 

Runoff is intercepted prior to the Alma School Ramp C back-of-gore and at the mainline 
superelevation cross-over at Alma School Ramp D. The stormwater is collected and 
conveyed to the Ramp D right-of-way ditch. The runoff is conveyed down the ditch and 
collected by an infield basin. The standard infield basin has the capacity to intercept the 
10-year ditch runoff. The current design utilizes an infield basin since there is some 
question whether the 100-year discharge would actually concentrate at the Ramp D right- 
of-way inlet. 

16. Sag Vertical Curve system (Sta 487+50&) 

Westbound mainline runoff is collected through a series of basins along the shoulder and 
conveyed through a storm drain lateral to the right-of-way ditch along the south side of 
the freeway. Eastbound mainline stormwater is collected and conveyed to the right-of- 
way ditch on the south side of the freeway. The right-of-way ditch conveys the runoff to 
a detention basin and cross-culvert at Sta 489+95 which outfall to the south branch of 
the Salt River. 

17. Cross-Culvert Outfall (Sta 489+95) 

A detention basin south of the mainline with a 24" cross-culvert outfall to the Salt River 
generally collects all roadway and right-of-way drainage between Sta 485+00 and 
McKellips Road. Hydraulic grade line profiles are illustrated on the pipe profiles 
provided in Exhibit I. The cross-culvert is sized to provide conveyance of the 10-year on- 
site concurrent with the 100-year Salt River flood while maintaining one foot of 
freeboard for the surrounding properties. 

18. Median Storm Drain Lateral (Sta 494+00&) 

This system is provided for future catch basins required along the median west of the 
McKellips Road T.I. The median lateral outfalls to the roadside ditch along the south 
side of the freeway. The runoff eventually outfalls to the Salt River through the 
detention basin and cross-culvert outfall at Sta 489+95. 

19. McKellips Road Ramp B (Sta 509+00*) 

Runoff is collected prior to McKellips Road and conveyed to the Salt River through a 
temporary outfall ditch. The outfall ditch also conveys runoff from the right-of-way south 
and west of McKellips Road. 
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The storm drain system at this intersection will be developed in more detail with the 
McKellips Road to Country Club Drive initial design. Coordination with the Salt River 
Pima Maricopa County Indian Community may be required for drainage improvements 
north of freeway aIignment. 

20. Alma School Road at McLellan 

The storm drain system at this intersection is similar to the system developed for the City 
of Mesa by AGK. However, the basins on Alma School Road outlet directly to the 
detention basin at the southwest quadrant of the T.I. The McLellan Road storm drain 
trunkline is also redirected to the detention basin. 

21. Open Median Catch Basins 

Catch basins are located at all sag low points in the open median and a locations prior 
to mainline superelevation cross-over points. Additional basins were provided where 
convenient cross-culvert junctions are required to provide an additional factor of safety. 
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IV. OFF-SITE DRAINAGE 

A. General Discussion 

The purpose of the off-site drainage system is to collect and route the 100-year 24-hour 
stormwater runoff generated by the contributing watershed under the Red Mountain Freeway 
to the Salt River. Generally, stormwater runoff flows in a southwesterly direction parallel to 
the freeway alignment. Therefore, the size of the off-site drainage facilities for this reach of 
the freeway may be smaller in comparison to other sections of the freeway. A detailed 
description of the assumptions and methodologies utilized in the off-site hydrologic analyses 
were presented in Section 11. Results of these analyses were used in the design the off-site 
drainage system. 

Outfalls for the off-site drainage system were designed to accommodate on-site flows where 
possible. An attempt was made to reduce the number of outfalls through the bank protection 
and minimize National Pollutant Discharge Elimination System (NPDES) permit issues. 

B. Channel Design 

The majority of the off-site drainage channels adjacent to the Red Mountain Freeway will 
collect and route runoff from the highway embankment and local drainage to an appropriate 
river outfall. The right-of-way channels are designed as earth ditches. Due to constructibility 
and maintenance concerns the channels will typically include an 8-foot bottom width and 3 or 
4 (horizontal) to 1 (vertical) side slopes. In areas where excessive velocities may occur, or 
where right-of-way is limited, the channel may require riprap, gunite, or concrete erosion 
protection. 

C. Culvert Selection and Design 

1. Alma School Drain 

The Alma School Drain (Tempe Drain) is an existing channel that serves as a wasteway 
for the Tempe Canal as well as an outlet for local drainage. The channel crosses Alma 
School Road via a 3 barrel 10' X 6' RCBC and outlets at the Salt River just east of the 
Dobson Road realignment. 

The design discharge for the Alma School Drain was determined by an 
Intergovernmental Agreement (IGA) between the State of Arizona, the City of Mesa, 
the Salt River Valley Water Users Association (SRVWUA), and the Flood Control 
District of Maricopa County (FCDMC). The total design flow is 845 cfs and is defined 
as follows: 

Table IX 
Alma School Drain Contributing Flows 

- - -  
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Percent of Flow 

74 

21.3 

4.7 

100 

Governmental Agency 

S R W A  

City of Mesa 

ADOT 

Total IGA Discharge 

Discharge (cfs) 

645 

180 

40 

845 



Initially, the Alma School Drain RCBC was sized to pass the design event (845 cfs) 
without ponding water outside of ADOT right-of-way during a 100-year flow in the Salt 
River. In addition, the culvert was designed to outfall above the 10-year water-surface 
elevation of the Salt River. A 2 barrel 6' X 7' RCBC was initially selected for the cross 
culvert and is located along the existing Alma School Drain alignment. 

The SRVWUA then requested that ADOT adopt their criteria for RCBC design. Their 
criteria requires 1.5' of open space through the culvert (pressure flow not allowed) and 
recommends 3' of freeboard within the channel section. 

Mr. Robert Hurley, an adjacent property owner, also requested that ADOT increase the 
capacity of the RCBC to allow stormwater runoff from his property to be routed through 
the Alma School Drain structure to the Salt River. He requested that the capacity be 
increased 150 cfs. 

Negotiations between ADOT, SRVWUA, and Mr. Hurley resulted in a final box size of 
2-8' x 8' RCBC was chosen for the design. Hydraulic computations for this culvert are 
included in Appendix C. 

2. McLellan Road Storm Drain 

The existing McLellan Road storm drain is an RCP, varying in size from 36" to 54", that 
outlets into a concrete lined channel west of Alma School Road. The channel then 
routes flows through the sand and gravel operations to a pipe which discharges into the 
Salt River. Engineering documentation for the storm drain was not available from the 
City of Mesa. It was assumed that the McLellan Road storm drain was designed to route 
the runoff generated by the 10-year event in the street section to the Salt River. 

The off-site hydrologic analyses indicates that during the 100-year, 24-hour event, 
substantially more runoff flows to the intersection of McLellan Road and Alma School 
Road than the pipe can convey. The runoff may pond over a large area of Alma School 
Road and adjacent streets then outlet to the McLellan Road storm drain, the existing 
gravel pits, or the Alma School Drain. 

At the intersection of McLellan Road and Alma School Road, the Red Mountain 
Freeway drainage system utilizes a detention basin at the southwest quadrant of the 
interchange which collects both on-site and off-site stormwater runoff. A 54" circular 
pipe conveys the runoff under the Red Mountain Freeway to the Salt River. 

The cross-culvert was sized to convey the 100-year design discharge to the Salt River with 
a design headwater elevation lower than the McLellan Road storm drain soffit elevation. 
Therefore, the McLellan Road storm drain will not be impacted by the relocated outfall. 
A hydraulic grade line was calculated for the McLellan Road storm drain and is 
presented in Appendix D. 
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3. Cross-Culverts 

On-site and off-site runoff concentrating in the south right-of-way ditch between Sta 
485+00 and McKellips Road is conveyed to a detention basin which outfalls to the south 
branch of the Salt River through a 24" pipe. The pipe was sized to provide 1 foot of 
freeboard between the design headwater elevation and the surrounding existing ground 
elevations. Detention basin routing and outfall hydraulics are presented in Appendix 
C. Outlet protection is not considered necessary because of the bank protection toe 
elevations are far below the outfall elevation. 

The hydraulic and analysis for the detention basin in the southwest quadrant of the Alma 
School Road interchange is presented in Appendix C. Hydrology for the 54" cross- 
culvert is incorporated into the off-site HEC-1 model. 
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V. SALT RTVER HYDRAULICS 

A. General Discussion 

This section summarizes the hydraulic analyses performed on the Salt River for the Red 
Mountain Freeway (Phase 11). The discharge used for these analyses is the pre-Roosevelt 100- 
year flow of 220,000 cfs. Detailed documentation of the analyses performed in support of the 
bank protection design is presented in a separate report titled "Salt River Hydrologic, 
Hydraulic, & Sediment Transport Analyses." 

B. Design Conditions 

Two design conditions were considered for the Salt River bank protection adjacent to the Red 
Mountain Freeway. The first hydraulic design condition only assumed south bank 
encroachments from the proposed Red Mountain Freeway bank protection. The major 
difference between existing conditions and the first design condition are encroachments along 
the south bank of the Salt River. The second design condition assumes full channelization of 
the Salt River utilizing north bank levee alignments developed by BSIBRW. The north bank 
levees were hydraulically modeled with encroachments. 

The design condition which produced the highest water surface elevation, plus freeboard, was 
used to define the levee height for the Red Mountain Freeway bank protection. The worst 
case design condition generally results from the BSI/BRW north levee in combination with the 
Red Mountain Freeway bank protection. Table X presents the design 100-year water-surface 
elevations adjacent to the Red Mountain Freeway. The water surface elevations presented in 
Table X were used to develop hydraulic grade lines for the cross-culvert outfalls under the 
Red Mountain Freeway. 

C. Selection of Bank Protection Toe Down Elevations 

The selection of the toe down elevations for the hardbank was determined by subtracting 
either the theoretical scour depth or a 10-foot minimum toe down from the invert elevation 
of the channel. However, due to extremely limited right-of-way, the area adjacent to the 
settling ponds (sand and gravel operation east of Ama School Road) utilized a slightly 
different criteria. 

A 10' foot vertical mining easement was granted to the sand and gravel operator. This 10-feet 
is measured from the existing ground elevation shown on the Red Mountain Freeway 
topographic mapping. The theoretical scour depth was added to the mining easement to 
determine the total scour depth. 

The hardbank typical section in the area adjacent to the settling ponds is composed of a 
vertical cutoff wall and CSA (1H:lV). Geotechnical and structural analyses indicated that an 
additional 10 feet of toe down (below the computed scour elevation) was required for stability. 
This 10-foot dimension was included in the determination of the design toe elevation. 
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Table X 
100-Year and 10-Year Design Salt River Water Surface Elevations 

(Q,, = 220,000 cfs, Q,, = 93,000 cfs) 
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10-Year 
WSE 
(ft) 

1172.9 

11 73.2 

1173.5 

1174.1 

1174.8 

1176.0 

1176.0 

1178.6 

1179.3 

1180.1 

1181.4 

1181.7 

1182.4 

1182.6 

1183.1 

1185.5 

1194.3 

1195.8 

1196.3 

1198.0 

1199.2 

1 00-Year 
WSE 
( fi) 

1182.6 

1183.3 

1183.6 

1183.2 

1184.3 

1185.4 

1185.7 

1187.3 

1187.8 

1188.4 

1189.8 

1190.8 

1191.5 

1191.7 

1191.1 

1194.7 

1197.7 

1201.4 

1202.0 

1204.4 

1206.0 

CSA 
Control Line 

Station 

0+52.9 

3+57.7 

8+58.0 

14+66.9 

19+00.0 

31 +24.4 

35 +26.2 

40+27.6 

45 +36.4 

50+00.0 

55 +92.7 

60+99.4 

66+00.0 

69+54.0 

No CSA 

No CSA 

No CSA 

No CSA 

No CSA 

108+96.5 

115+09.0 

SR202L 
Cst. Centerline 

Station 

400+00 

403 + 00 

408 + 00 

414+00 

418+00 

432+00 

436+00 

441 +OO 

446 + 00 

451 +00 

456+00 

460+00 

465 +OO 

469+00 

471 + 00 

472+00 

473 +00 

474+00 

478+00 

488+00 

495 + 00 

HEC-2 
Cross Section 

Number 

224.90 

225.00 

225.10 

225.19 

225.28 

225.38 

225.48 

225.57 

225.66 

225.76 

225.85 

225.95 

226.04 

226.13 

226.23 

226.35 

226.50 

226.53 

226.58 

226.61 

226.70 
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EXHIBIT I 

Final Drainage Plans 
(95% Submittal) 
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Alma School Raw CSt 1211.13 1207.10 24.90' 
St8 5 +45 

PLAN 

I. All Cmrete Shall be Class 6. 
?! 
4 
4 

b c 
5 6 x 6 x W1.4 

Welded Wlre Fabrlc 

SECTION A-A 

Match Gutter Slqw 
6 x 6 x W1.4 
Welded WIre Fabrlc 

Norm1 

- - - _  

'C' 4' - - - 
SECTION 6-6 

CURB OPENING WITH SPILLWAY 

2. For SPllway aStalls Not Shown. 
See Std C-01.10. 



EXHIBIT II 

HEC-1 Schematic Diagram 





EXHIBIT Ill 

Soils Map 



Am 
kv 
Ca, C b  
Gf,  G n i  
LaA 
Pm 
PnG 
Pv X 
R i k ,  RIB 
Ri !  

l i  

L E G E N D  

M a ~ S y m b o l s  -. - Soil Series & 
Land Types 

USDA Texture 

Atluvial land 
Avondale 
Car r~zo  
Gilman Laveen 

P~rner 
Pinal Pinamt 

Rtllito Rough broken land 

: J J ~ T  

Variable Clay l oam 

Fine sandy loam 
Loam 
Loam 
Ciay loam 
Graveliy l oam 
Very gravel ly sandy clay loan? 
Gravelly l o a m  
Variable 
* ...-sc "'-7 - F l r i ~  53:-3cb 



EXHIBIT IV 

Roadway Drainage Area Map 



NOTE8 
Dashed Une Indlmtes Eastbound & MedIan 
Contrlbutlng Dralnage Area Boundaries. 

DESY)( JF~Y 
1/96 ARIZONA DEPARTMENT OF TRANSPORTATION 

rm4w ccs 
1/96 HIGHWAYS DlVlSlON 

-- 
cHEam sc!w 1/96 

S T W  CONSULTANTS MC 
DRAINAGE P L A N  

SR202L 

RDUE LOPlTlDll 

RED MTN - SR lOlL - McKELLIPS ROAD DWC NO. D-1.1 
*****DGN*SPECIFICATION****e VIEW NAME: /12168/RM2DRN02.DGN 1 
**r.*SYSTIME.r... - -- - -- -- - -- - ---- - 

PRELIMINARY - NOT FOR CONSTRUCTION OR RECORDING 
-- -. . - - - - - - - - -- -- .- - - 

TRACS NO. H087502C 600-8-(006) - OF- 
--- 



%,"& 1 STATE 1 maxn m 1 -T loTU ra 1-1s I 4s-T 

9 1 1 600-84006) 1 I 
p i K i G q  

OESlM 
CaAW 
MCED 

JRY 
CGS -- 
Y ) W  

P 

DWG NO. 0-1.2 

ARIZONA DEPARTMENT OF TRANSPORTATION 

S T W T  COHSUTUnS INC. 

1/96 
1/96 
1/96 

DRAINAGE PLAN 
SR202L 

STA 36!3+00 TO STA 380+00 

HIGHWAYS DIVISION 

***** OGN*SPECIFICATION*~... VIEW NAME: /12168/RM2DRN03.DGN 

MUTE 

202L 

.....SYSTIME..... - ~. - -- . -. . - . . - - - - - . -- . - - - - -. - - - -- - - . . -. 
PRELIMINARY - NOT FOR CONSTRUCTION OR RECORDING 

- - . -- . - -. -- -- - - -. - -. . . . . . - - . - -. -- - -- - -. . .. - 
TRACS NO. H087502C 
-- 

L C U T K U  

RED MTN - SR lOlL - McKELLlPS ROAD 

1 600-8-(006) - OF- 



mx* JIiU 
ARIZONA DEPARTMENT OF TRANSPORTATION 

1/96 
WIW CGS 1/96 HIGHWAYS DIVISION -- 
~ ~ a m  SDW I/% 

SIAKET COHSULTMS PC 
DRAINAGE PLAN 

SR202L ,mwm=s%s STA 380+00 TO STA 395+00 
RWTE I LOUTIW 

202L I RED MTN - SR lOlL - McKELLIPS ROAD ,,, ,,. , -,., 
*****OGN*SPECIFICATION***e* VIEW NAME: /12168/RM2DRN04.DCN 
.....SySTIME*ooe. 

- -. - - - . . - .- . - - - --. -- .. - - -  - _ ._____-.- PRELIMINARY - NOT -- FOR CONSTRUCT!ON ~ - -_ OR RECORDING TRACS NO. H087502C 600-8-(006) - OF- 
.... ' - ' ? ' 2  = ' " ' - ' 4 1 = " , ?  ,-:,?!:7:!4::=i'; -8,R,,a,,,y,$ ,7,,,, , , , . ,c. ,c . . 7 , y .  ,-,, --,",,,, , ' , , - : , " : , , , - , -  - 7 .  - ^ - -  C-. ICTnl l - - r , - . I  - - . . \ I  -1.3 



'Y' ljll ;I I I I I 
MSDI 
DRIW 
exam 

I I I I I I I  I 202L 

~ f t u  wc 
CGS -- 
sow 

S T A N T  COHSULTMS. DT 

.."-,a- 

RE0 MTN - SR lOlL - McKELLIPS ROAD 

DRAINAGE PLAN 
SR202L 

STA 395+00 TO STA 410+00 

1/96 
11% 
1/36 

OW0 NO. 0-1.4 
.**.* DGN*SPECIFICATION*-.. VIEW NAME: /12168/RM2DRNOS.DCN I 

am,Tc ,".."- 

ARIZONA DEPARTMENT OF TRANSPORTATION 
HIGHWAYS DIVISION 
- 

r....sySTIMEo.*.. 
-- . . . . - .- - .- - - - - 

~ ---- ~ .. -- -. -.- -- PIiELIMINARY - NOT FOR CONSTRUCTlON - OR RECORDlNG TRACS NO. H087502C -. . ....... .. - . --. ~.. 
- .  . - . . - , ,  - -- 

600-8-(006) 
--- 

- OF- 



ARIZONA DBARMNT OF TRANSWITATION 
HIGHWAYS DIVISION 

SR202L 

I 202L ( RED MTN - SR lOlL - McKELLIPS ROAD lowc D-LS 
..*.*M;N.SPECInCATION*~.*~ I VIEW NAME1 /12168/RM2DRN06.DGN 
..-.-SYSTIME*.... PRELIMINARY - NOT FOR CONSTRUCTION OR RECORDING TRACS NO. H087502C 600-8-(006) 1- OF- 



Pa <a  
urn lm slrn 

mY)I JRY 
ARIZONA DEPARTMENT OF TRANSPORTATION 

1/96 
tRllW CCS -- 1/96 

HIGHWAYS DIVISION 

c~am SOW 1/96 

3 STIKET COHSULTANTS PK; 
DRAINAGE PLAN 

wA-%m& SR202L 
ROUTE wunw 

A 4 2 5 + 0 0  TO STA 440+00 
202L RED MTN - SR lOlL - McKELLIPS ROAD ,,, ,, , -,., 

r*-**DGN*SPECIFICATION-. VIEW NAME: /12168/RM2DRN07.DGN 
rr...SYSTIME**..e --- .- ~ -- PRELIMINARY - NOT FOR _ CONSTRUCTION ._ _ . - OR RECORDING - TRACS NO. H087502C 600-84006) 1- OF- 
: ~'~~l?l:!~I~~:~il4~:5~~~ii7i~8iI9I2421I2ZI23~24i21.:~6~i~ .1C.!~C(3:~3:j3:~3:~~E.E.~Gi~ij~S;J?~4Gj4Il4i~43~44!4F 'r '"'~i:4Y51!i:15L5X52;55;L;Liiji,5~;59: ,lj:;jl CONSTRUCT[Opj DISPLAY ON 



 STATE^ pRo.EcT No. I- No. I WLLlS 1 0 ~ ~  1 lSWT 

1 
aaoc 1 JRY 

1 ARIZONA DEPARTMENT OF TRANSPORTATION 
( 1/96 

mlrr l cnc I 1/06 HIGHWAYS DIVISION 
1 SOW 11/96 

S T U L F l  CotKlJLTIHTf MC 
DRAINAGE PLAN 

SR202L 3w-wkl~ STA 440100 TO STA 455+00 
ROUTE 



m J3U 
WY ARIZONA DEPARTMENT OF TRANSPORTATION 

1/96 
tlllw ccs 11% HIGHWAYS DIVISION -- 
MaIP SDW I/% 

S T M T  COHSULTMS MC 
DRAINAGE PLAN 

SR202L 
3ed-?'25%""U%a STA 455+00 TO STA 470+00 

I , "...-,- 
RED MTN - SR lOlL - McKELLIPS ROAD I,,, , ,-,., 

*****DGN*SPECIFICATION***** VIEW NAME: /12168/Rh12DRN09.DGN 1 
.....SYSTIME..*o. 

- -- -- - - - - - - . - -- - - - - -. - . - . -- -- PRELIMINARY - NOT FOR C( - p  

- 
JNSTRUCTION OR RECORDING 
-- - . . . - -. - - 

TRACS NO. H087502C 600-8-(006) 1- OF- 







NOTE: 
Local dralnage wfll be dltched to t k  Salt Rlver 
wlth thls project. The storm druln system for 
McKelllps road wlll be developed wlth the McKeIIlp 
Rwd to Country Club Drlve Project. 

rmoc I I Y  
ARIZONA DEPARTMENT OF TRANSPORTATION 

1/96 
mlw CGS 1/96 HIGHWAYS DIVISION -- 
MUD SOW 1/46 

STANY COHSULT~~TS INC. DRAINAGE PLAN SR202L 
STA 500+00 TO STA 515t00 

am,.c . 
I 

-,= L"M,,bT 

202L RED MTN - SR lOlL - McKELLIPS ROAD DWC NO. D-1.11 I 
*****DGN*SPECIFICATION*-*** VIEW NAME: /12168/RM2DRN12.DGN *.... SYSTIME****e 

. PRELIMINARY .-_ - NOT FOR CONSTRUCTION - .__-__--- OR RECORDING TRACS NO. H087502C 600-8-(006) - OF- 
-- 





APPENDIX A 

Phase II HEC-1 Analysis 



FLOOD HYDROGRAPH PACKAGE (HEC-1) * 

MAY 1991 

VERSION 4.0.1E 

RUN DATE 01/16/96 TIME 08:55:27 

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

U.S. ARMY CORPS OF ENGINEERS 

HYDROLOGIC ENGINEERING CENTER 

609 SECOND STREET 

DAVIS, CALIFORNIA 95616 

(916) 551-1740 

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

X X XXXXXXX XXXXX 

X X X  X X 

X X X  X 

Xxxxxxx XXXX X 

X X X  X 

X X X  X X 

X X XXXXXXX xxxxx 

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 THOSE USED WITH THE 1973-STYLE INPUT STRUCTURE. 

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 CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT INFILTRATION 

KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM 



HEC-1 INPUT PAGE 1 

LINE 

ID RED MOUNTAIN FREEWAY DRAINAGE ANALYSIS 

ID PHASE I1 - DOBSON ROAD TO MESA DRIVE 
ID 100-YEAR, 24-HOUR STORM 

ID HEC-1 HYPOTHETHICAL RAINFALL DISTRIBUTION 

ID RAINFALL DEPTHS IN PH RECORD BASED ON PREFRE OUTPUT 

ID CLARK UNIT HYDROGRAPH 

ID GREEN-AMPT SOIL LOSS PARAMETERS 

ID NORMAL DEPTH CHANNEL ROUTING 

ID IN GENERAL, URBANIZED AREAS IN THE CITY OF MESA BUILT BETWEEN 1973 

ID AND 1987 WERE DESIGNED TO RETAIN THE 50-YEAR, 24-HOUR RAINFALL; FROM 1987 

ID TO PRESENT, THE RETENTION REQUIREMENT IS THE 100-YEAR, 2-HOUR RAINFALL. 

ID DIVERSIONS ALONG MAJOR STREETS WERE ESTIMATED BASED ON AS-BUILT ROADWAY 

ID AND STORM DRAIN PLANS, STORM DRAIN STLDY REPORTS, AND FIELD INSPECTION. 

ID * *  FLOW TAKEN ACROSS RED MOUNTAIN FREEWAY AT CP 65C **  
ID FILENAME: RMP2-65D.DAT 

IT 2 720 

I0 5 

*DIAGRAM 

10s 

RUNOFF FROM SUBBASIN 10 

.868 

.71 1.41 2.38 2.59 2.73 3.00 3.30 3.60 

.47 .25 4.9 .53 1 

5.395 5.350 

0 3 5 8 12 20 43 7 5 90 9 6 

100 

KK 11R 

KM ROUTE 10s TO 35C 

RS 16 FLOW - 1 
RC .035 ,030 ,035 6000 ,0030 

RX 0 1 101 109 119 127 227 228 

RY 103 100 99 9 7 9 7 99 100 103 

KK 30s 

KM RUNOFF FROM SUBBASIN 30 

BA 1.411 

LG .48 .15 7.5 .09 

UC 5.693 4.256 

UA 0 3 5 8 

UA 100 

KK 35C 

KM COMBINE 11C AND 30s 

HC 2 

KK 36R 

KM ROUTE 35C TO 45C 

RS 12 FLOW - 1 
RC .035 .030 ,035 4800 ,0025 

RX 0 1 101 109 169 177 277 278 

RY 103 100 99 9 7 9 7 99 100 103 



LINE 

HEC-1 INPUT PAGE 2 

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

KK 40s 

KM RUNOFF FROM SUBBASIN 40 

BA ,279 

LG .50 .15 9.6 .04 0 

UC 3.785 4.248 

UA 0 3 5 8 12 20 43 75 90 96 

UA 100 

KK 45C 

KM COMBINE 36R AND 40s 

HC 2 

KK 20s 

KM RUNOFF FROM SUBBASIN 20 

BA ,108 

LG .14 .15 8.5 .09 14 

UC ,603 .830 

UA 0 5 16 3 0 65 7 7 

UA 100 

KK 21R 

KM ROUTE 20s TO 55C 

RS 60 FLOW - 1 

RC ,040 .040 .040 5800 ,0022 

RX 0 1 101 102 352 353 503 5 04 

RY 103 100 99 9 8 9 8 99 99 110 

KK 50s 

KM RUNOFF FROM SUBBASIN 50 

BA .489 

LG .14 .15 8.5 .08 

UC ,840 .670 

UA 0 5 16 3 0 

UA 100 

KK 55C 

KM COMBINE 21R AND 50s 

HC 2 

KK 56R 

KM ROUTE 55C TO 65C 

RS 12 FLOW - 1 
RC .040 ,040 ,040 3000 .0037 

RX 0 1 101 102 352 353 503 504 

RY 103 100 9 9 98 9 8 99 9 9 110 

KK 60s 

KM RUNOFF FROM SUBBASIN 60 

BA .I15 

LG .2 .16 7.0 .13 

UC .344 .247 

UA 0 5 16 30 

UA 100 



LINE 

HEC-1 INPUT PAGE 3 

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

KK 65C 

KM COMBINE 56R AND 60s 

HC 2 

KK 65DIV 

KM DIVERT 65C ACROSS FRWY TO SALT RIVER 

DT 65DIV 

DI 0 5000 

Dc' 0 5000 

KK 66R 

KM ROUTE 65C TO 105C 

RS 14 FLOW - 1 
RC .035 ,030 ,035 3000 .0003 

RX 0 1 101 109 169 177 277 278 

RY 103 100 9 9 97 9 7 99 100 103 

KK 705 

KM RUNOFF FROM SUBBASIN 70 

BA ,164 

LG .14 .15 7.8 .11 

UC ,690 .831 

UA 0 5 16 3 0 

UA 100 

KK 80s 

KM RUNOFF FROM SUBBASIN 80 

BA .202 

LG .13 .15 8.1 .09 

UC ,630 ,595 

UA 0 5 16 30 

UA 100 

KK 85C 

KM COMBINE 70s AND 80s 

HC 2 

KK 86R 

KM ROUTE 85C TO 95C 

RS 27 FLOW - 1 

RC .040 .040 ,040 2900 ,0017 

RX 0 1 101 102 352 353 503 504 

RY 103 100 99 9 8 98 99 99 110 

KK 90s 

KM RUNOFF FROM SUBBASIN 90 

BA ,068 

IG .26 .15 8.5 .07 

UC ,524 ,478 

UA 0 5 16 30 

UA 100 



LINE 

HEC-1 INPUT PAGE 4 

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

KK 95C 

KM COMBINE 86R AND 90s 

HC 2 

KK 95D 

KM DIVERT 95C SOUTH ON CENTER STREET 

DT 95DIV 

D I 0 5000 

DO o 5000 

KK 96R 

KM ROUTE 95D TO 105C 

RS 5 FLOW - 1 
RC ,030 .016 .035 2650 ,0023 

RX 0 0.1 30 30.1 55 55.1 355 355.1 

RY 102 99.5 99 98.6 98.6 99 99.5 102 

KK 100s 

KM RUNOFF FROM SUBBASIN 100 

BA ,073 

LG .45 .21 6.5 .13 8 

UC 2.474 3.387 

UA 0 3 5 8 12 20 43 7 5 90 9 6 

UA 100 

KK 104C 

KM COMBINE 96R AND 100s 

HC 2 

KK 105C 

KM COMBINE 66R RND 104C 

HC 2 

KK 106R 

KM ROUTE 105C TO 225C 

RS 4 FLOW -1 

RC ,035 ,030 ,035 2700 ,0059 

RX 0 1 101 109 169 177 277 278 

RY 103 100 99 9 7 9 7 99 100 103 

KK 110s 

KM RUNOFF FROM SUBBASIN 110 

BA ,130 

LG .36 .15 7.8 .09 7 

UC 2.822 2.997 

UA 0 3 5 8 12 20 43 75 9 0 96 

UA 100 

KK 120s 

KM RUNOFF FROM SUBBASIN 120 

BA .030 

LG .12 .25 4.2 .50 

UC .lo7 .026 

UA 0 5 16 30 



HEC-1 INPUT PAGE 5 

LINE 

KK 121R 

KM ROUTE 120s TO 135C 

RS 2 FLOW - 1 
RC ,030 ,016 ,030 1250 ,0152 

RX 0 0.1 30 30.1 74 74.1 104 104.1 

RY 102 100 99 98.7 98.7 99 100 102 

KK 130s 

KM RUNOFF FROM SUBBASIN 130 

BA .028 

LG .12 .19 6.7 .15 32 

UC .214 .209 

UA 0 5 16 30 65 7 7 8 4 90 94 97 

UA 100 

KK 130RT 

KM UNKNOWN STORM RETENTION IN SUBBASIN 130 

RS 1 STOR 0 

sv 0 3 3 

SE 9 9 100 105 

SS 100 100 2.63 1.5 

KK 135C 

KM COMBINE 121R AND 130RT 

HC 2 

KK 136C 

KM COMBINE 135C AND 110s 

HC 2 

KK 137R 

KM ROUTE 136C WEST ON MCKELLIPS ROAD 

RS 5 FLOW - 1 
RC .030 ,016 .030 1400 .0026 

RX 0 0.1 50 50.1 118 118.1 168 169 

RY 102 99.5 99 98.6 98.6 99 99.5 102 

KK 140s 

KM RUNOFF FROM SUBBASIN 140 

BA ,015 

LG .07 .15 9.6 .04 

UC .I26 .151 

UA 0 5 16 30 

UA 100 

KK 145C 

KM COMBINE 137R AND 140s 

HC 2 



LINE 

HEC-1 INPUT PAGE 6 

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

KK 146R 

KM ROUTE 145C TO 155C 

RS 2 FLOW - 1 
RC ,030 ,016 ,030 500 .0008 

RX 0 0.1 50 50.1 118 118.1 168 169 

RY 102 99.5 99 98.6 98.6 99 99.5 102 

KK 150s 

KM RUNOFF FROM SUBBASIN 150 

BA ,084 

LG .11 .15 7.8 .09 

UC .305 ,259 

UA 0 5 16 3 0 

UA 100 

KK 150RT 

KM FIELD-ESTIMATED RETENTION IN SUBBASIN 150 

RS 1 STOR 0 

sv 0 3 3 

SE 97.5 100 105 

SS 100 200 2.63 1.5 

KK 155C 

KM COMBINE 146R AND 150s 

HC 2 

KK 1705 

RUNOFF FROM SUBBASIN 170 

BA .007 

LG .07 .16 7.0 .11 

UC .lo5 ,125 

UA 0 5 16 3 0 

UA 100 

KK 175C 

KM COMBINE 155C AND 170s 

HC 2 

KK 176R 

KM ROUTE 175C TO 165C 

RS 2 FLOW - 1 
RC ,030 ,016 ,030 650 ,0011 

RX 0 0.1 50 50.1 118 118.1 168 169 

RY 102 99.5 99 98.6 98.6 99 99.5 102 

KK 160s 

KM RUNOFF FROM SUBBASIN 160 

BA .014 

LG .10 .16 7.0 .13 

UC .I46 .I54 

UA 0 5 16 30 

UA 100 



LINE 

HEC-1 INPUT PAGE 7 

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

KK 180s 

KM RUNOFF FROM SUBBASIN 180 

BA ,028 

LG .12 .15 7.1 .13 35 

UC ,244 ,228 

UA 0 5 16 30 65 7 7 8 4 90 9 4 9 7 

UA 100 

KK 185s 

KM RUNOFF FROM SUBBASIN 185 

BA ,056 

LG .12 .25 5.5 .25 35 

UC ,240 ,147 

UA 0 5 16 30 65 7 7 8 4 90 94 9 7 

UA 100 

KK 186C 

KM COMBINE 180s AND 185s 

HC 2 

KK 187R 

KM ROUTE 186C TO 165C 

RS 5 FLOW - 1 

RC .016 .030 .016 1350 .0004 

RX 0 0.1 50 50.1 114 114.1 164 165 

RY 102 99.5 99 98.6 98.6 99 99.5 102 

KK 165C 

KM COMBINE 176R. 1605. AND 187R 

HC 3 .390 

KK 165DV 

KM DIVERT 4 4  PERCENT OF FLOW SOUTH ON MESA DRIVE 

DT 165DV 

DI 0 2000 

DQ 0 880 

KK 190s 

KM RUNOFF FROM SUBBASIN 190 

BA ,012 

LG .10 .25 5.2 .27 

UC ,197 ,280 

UA 0 5 16 30 

UA 100 

KK 195C 

KM COMBINE 165C AND 190s 

HC 2 



LINE 

HEC-1 INPUT PAGE 8 

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

KK 196R 

KM ROUTE 195C TO 205C 

RS 3 FLOW - 1 
RC ,030 .016 ,030 1000 .0015 

RX 0 0.1 50 50.1 118 118.1 168 169 

RY 102 99.5 99 98.6 98.6 99 99.5 102 

KK 200s 

KM RUNOFF FROM SUBBASIN 200 

BA ,048 

LG .10 .15 7.8 .10 54 

UC .226 .I98 

UA 0 5 16 30 65 77 8 4 90 94 9 7 

UA 100 

KK 2OORT 

KM UNKNOWN STORM RETENTION IN SUBBASIN 200 

RS 1 STOR 0 

SV 0 6 6 

SE 95.5 100 105 

SS 100 450 2.63 1.5 

KK 205C 

KM COMBINE 196R AND 200s 

HC 2 

KK 220s 

KM RUNOFF FROM SUBBASIN 220 

BA ,019 

LG .10 .15 9.6 .05 

UC .206 .238 

UA 0 5 16 3 0 

UA 100 

KK 225C 

KM COMBINE 205C AND 220s 

HC 2 

KK 226R 

KM ROUTE 225C TO 245C 

RS 2 FLOW - 1 
RC ,030 .016 .030 950 ,0021 

RX 0 0.1 50 50.1 118 118.1 168 169 

RY 102 99.5 99 98.6 98.6 99 99.5 102 

KK 2105 

KM RUNOFF FROM SUBBASIN 210 

BA .046 

LG .08 .15 9.6 .04 

UC ,234 .281 

UA 0 5 16 30 

UA 100 



LINE 

HEC-1 INPUT PAGE 9 

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

KK 230s 

KM RUNOFF FROM SUBBASIN 230 

BA .029 

LG .10 .15 9.6 .05 54 

UC ,220 ,214 

UA 0 5 16 30 65 77 8 4 9 0 94 9 7 

UA 100 

KK 240s 

KM RUNOFF FROM SUBBASIN 240 

BA .012 

LG .07 .15 9.6 .04 

UC ,117 ,131 

UA 0 5 16 3 0 

UA 100 

KK 245C 

KM COMBINE 2268. 210s. 230s. AND 240s 

HC 4 

KK 96DR 

KM RETRIEVE 95DIV 

DR 95DIV 

KK 97R 

KM ROUTE 96DR SOUTH ON CENTER STREET 

RS 3 FLOW - 1 

RC .030 ,016 ,030 1500 ,0013 

RX 0 0.1 25 25.1 85 85.1 110 110.1 

RY 102 99.5 99.5 98.6 98.6 99.5 99.5 102 

KK 245BC 

KM COMBINE 245C AND 97R AT CENTER ST AND MCKELLIPS 

HC 2 

KK 246R 

KM ROUTE 245BC TO 255C 

RS 1 FLOW - 1 
RC ,030 .a16 ,030 600 .0035 

RX 0 0.1 50 50.1 118 118.1 160 169 

RY 102 99.5 99 98.6 98.6 99 99.5 102 

KK 2505 

KM RUNOFF FROM SUBBASIN 250 

BA ,018 

LG .07 .15 9.6 .04 

UC ,107 ,082 

UA 0 5 16 30 

UA 100 



LINE 

HEC-1 INPUT PAGE 10 

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

KK 255C 

KM COMBINE 246R AND 250s 

HC 2 

KK 256R 

KM ROUTE 255C TO 265C 

RS 5 F M W  - 1 

RC ,030 ,016 .030 2000 .0019 

RX 0 0.1 50 50.1 118 118.1 168 169 

RY 102 99.5 99 98.6 98.6 99 99.5 102 

KK 260s 

KM RUNOFF FROM SUBBASIN 260 

BA ,114 

LG .09 .15 9.6 .05 56 

UC .297 .250 

UA 0 5 16 3 0 65 7 7 8 4 90 94 9 7 

UA 100 

KK 260RT 

KM 50-YEAR, 24-HOUR RETENTION IN SUBBASIN 260 

RS 1 STOR 0 

SV 0 16 16 

SE 9 6 100 105 

SS 100 420 2.63 1.5 

KK 265C 

KM COMBINE 256R AND 260RT 

HC 2 

KK 265DV 

KM DIVERT 70 PERCENT OF FLOW SOUTH ON COUNTRY CLUB DRIVE 

DT 265DV 

D I 0 2000 

DL' 0 1400 

KK 266R 

KM ROUTE 265C TO 275C 

RS 10 FLOW -1 

RC ,030 ,016 .030 2450 ,0065 

RX 0 0.1 50 50.1 118 118.1 168 169 

RY 102 99.5 99 98.6 98.6 99 99.5 102 

KX 270s 

KM RUNOFF FROM SUBBASIN 270 

BA ,068 

LG .09 .15 7.1 .11 

UC .203 ,155 

UA 0 5 16 3 0 

UA 100 



HEC-1 INPUT PAGE 11 

LINE 

KK 274C 

KM COMBINE 266R AND 270s 

HC 2 

KK 275C 

KM COMBINE 106R AND 274C 

HC 2 1.525 

KK 280s 

KM RUNOFF FROM SUBBASIN 280 

BA ,058 

LG .15 .25 4.2 .54 5 

UC .237 ,084 

UA 0 5 16 3 0 65 7 7 84 90 94 9 7 

UA 100 

KK 281R 

KM ROUTE 280s TO 295C 

RS 4 FLOW - 1 

RC ,030 .016 .030 800 ,0176 

RX 0 0.1 100 100.1 900 900.1 1000 1000.1 

RY 102 100 99 98.7 98.7 99 100 102 

KK 290s 

KM RUNOFF FROM SUBBASIN 290 

BA .069 

LG .12 .16 7.0 .14 

UC .274 ,207 

UA 0 5 16 30 

UA 100 

KK 290RT 

KM 50-YEAR, 24-HOUR STORM RETENTION IN SUBBASIN 290 

RS 1 STOR 0 

SV 0 8 8 

SE 96 100 105 

SS 100 300 2.63 1.5 

KK 295C 

KM COMBINE 281R AND 290RT 

HC 2 

KK 296R 

KM ROUTE 295C TO 305C 

RS 2 FLOW - 1 
RC .030 ,016 .030 700 .0011 

RX 0 0.1 30 30.1 55 55.1 85 85.1 

RY 102 99.5 99 98.6 98.6 99 99.5 102 



LINE 

HEC-1 INPUT PAGE 12 

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

KK 300s 

KM RUNOFF FROM SUBBASIN 300 

BA .026 

U; .10 .15 9.6 .05 54 

UC ,187 ,188 

UA 0 5 16 3 0 65 77 8 4 9 0 94 9 7 

UA 100 

KK 305'2 

KM COMBINE 296R AND 300s 

HC 2 

KK 306R 

KM ROUTE 305C TO 325C 

RS 2 FLOW - 1 

RC .030 .GI6 .030 600 .0008 

RX 0 0.1 30 30.1 55 55.1 85 85.1 

RY 102 99.5 99 98.6 98.6 99 99.5 102 

KK 310s 

KM RUNOFF FROM SUBBASIN 310 

BA ,210 

LG .ll .25 5.0 .32 36 

UC .451 .405 

UA 0 5 16 30 65 7 7 8 4 90 94 97 

UA 100 

KK 310RT 

KM 50-YEAR, 24-HOUR STORM RETENTION IN SUBBASIN 310 

RS 1 STOR 0 

sv 0 2 2 22 

SE 96 100 105 

SS 100 490 2.63 1.5 

KK 320s 

KM RUNOFF FROM SUBBASIN 320 

BA .027 

LG .10 .15 9.6 .05 5 4 

UC ,216 .234 

UA 0 5 16 3 0 65 77 

UA 100 

KK 320RT 

KM UNKNOW RETENTION IN SUBBASIN 320 

RS 1 STOR 0 

sv 0 3 3 

SE 9 6 100 105 

SS 100 180 2.63 1.5 



LINE 

HEC-1 INPUT PAGE 13 

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

KK 324DR 

KM RETRIEVE FLOW DIVERTED FROM 165C 

DR 165DV 

KK 324R 

KM ROUTE 324DR TO 325C 

RS 4 FLOW -1 

RC ,030 ,016 .030 1350 ,0014 

RX 0 0.1 50 50.1 114 114.1 164 165 

RY 102 99.5 99 98.6 98.6 99 99.5 102 

KK 325C 

KM COMBINE 306R. 310RT. 3205, AND 324R 

HC 4 ,5586 

KK 326R 

KM ROUTE 325C TO 365C 

RS 3 FLOW - 1 
RC .030 ,016 .030 1250 .0014 

RX 0 0.1 30 30.1 80 80.1 110 110.1 

RY 102 99.5 99 98.6 98.6 99 99.5 102 

KK 3605 

KM RUNOFF FROM SUBBASIN 360 

BA .090 

LG .12 .15 9.0 .07 35 

UC .240 ,160 

UA 0 5 16 30 6 5 7 7 84 90 94 97 

UA 100 

KK 360RT 

KM 100-YEAR, 2-HOUR STORM RETENTION IN SUBBASIN 360 

RS 1 STOR 0 

sv 0 10 10 

SE 9 6 100 105 

SS 100 330 2.63 1.5 

KK 365C 

KM COMBINE 326R AND 360RT 

HC 2 

KK 366R 

KM ROUTE 365C TO 367C 

RS 1 FLOW - 1 
RC .030 .016 ,030 800 ,0023 

RX 0 0.1 130 130.1 155 155.1 185 185.1 

RY 102 99.5 99 98.6 98.6 99 99.5 102 

KK 3505 

KM RUNOFF FROM SUBBASIN 350 

BA .018 

LG .13 .25 5.0 .33 

UC ,118 ,059 

UA 0 5 16 3 0 



HEC-1 INPUT PAGE 14 

LINE ID.. 

356R 

ROUTE 355C TO 367C 

1 FLOW - 1 
.030 ,016 .030 500 ,0080 

0 0.1 30 30.1 55 55.1 85 

102 99.5 99 98.6 98.6 99 99.5 

367C 

COMBINE 366R AND 3568 

2 

368R 

ROUTE 367C TO 375C 

4 FLOW - 1 

,030 .016 ,030 1250 .0010 

0 0.1 30 30.1 105 105.1 135 

102 99.5 99 98.6 98.6 99 99.5 

370s 

RUNOFF FROM SUBBASIN 370 

.I07 

.12 .15 9.6 .05 

,390 ,335 

0 5 16 30 

100 

370RT 

FIELD-ESTIMATED RETENTION IN SUBBASIN 370 

1 STOR 0 

0 2.8 2.8 

96 100 105 

100 100 2.63 1.5 

375C 

COMBINE 368R AND 370RT 

2 

330s 

RUNOFF FROM SUBBASIN 330 

,013 

.10 .25 5.0 .29 

,113 .081 

0 5 16 3 0 

100 

340s 

RUNOFF FROM SUBBASIN 340 

,082 

.12 .25 4.8 .37 

.255 ,182 

0 5 16 30 

100 



LINE 

HEC-1 INPUT PAGE 15 

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

KK 345C 

KM COMBINE 330s AND 3405 

HC 2 

KK 345RT 

KM RETENTION IN SUBBASINS 330 AND 345 - PUMPED INTO TEMPE CANAL 
RS 1 STOR 0 

SV 0 30 3 0 

SE 96 100 105 

SS 100 400 2.63 1.5 

KK 346R 

KM ROUTE 345C TO 355C 

RS 4 FLOW - 1 

RC ,030 ,016 ,030 550 .0091 

RX 0 0.1 100 100.1 400 400.1 500 500.1 

RY 102 100 99 98.7 98.7 99 100 102 

KK 380s 

KM RUNOFF FROM SUBBASIN 380 

BA ,070 

LG .50 .25 5.0 .37 10 

UC ,356 ,240 

UA 0 5 16 3 0 6 5 77 8 4 9 0 94 97 

UA 100 

KK 385C 

KM COMBINE 346R AND 380s 

HC 2 

KK 386R 

KM ROUTE 380s TO 395C 

RS 4 FLOW - 1 

RC ,030 ,030 .030 1900 ,0043 

RX 0 0.1 30 30.1 330.1 330.2 360 361 

RY 102 99.5 99 98.6 98.6 99 99.5 102 

KK 390s 

KM RUNOFF FROM SUBBASIN 390 

BA ,063 

LG .11 .25 5.4 .25 45 

UC ,235 ,204 

UA 0 5 16 3 0 65 7 7 84 9 0 94 97 

UA 100 

KK 390RT 

KM 50-YEAR, 24-HOUR AND 100-YEAR, 2-HOUR STORM RETENTION IN SUBBASIN 390 

RS 1 STOR 0 

sv 0 7 7 

SE 9 6 100 105 

SS 100 276 2.63 1.5 



LINE 

HEC-1 INPUT PAGE 16 

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

KK 395C 

KM COMBINE 386R AND 390RT 

HC 2 

KK 397C 

KM COMBINE 375C AND 395C 

HC 2 

KK 398R 

KM ROUTE 397C TO 445C 

RS 4 FLOW - 1 
RC .030 .016 ,030 1800 .0021 

RX 0 0.1 30 30.1 105 105.1 135 135.1 

RY 102 99.5 99 98.6 98.6 99 99.5 102 

KK 440s 

KM RUNOFF FROM SUBBASIN 440 

BA ,116 

LG .11 .15 8.1 .09 3 9 

UC .310 .I90 

UA 0 5 16 30 6 5 77 

UA 100 

KK 440RT 

KM UNKNOWN STORM RETENTION IN SUBBASIN 440 

RS 1 STOR 0 

SV 0 13 13 

SE 94.5 100 105 

SS 100 400 2.63 1.5 

KK 445C 

KM COMBINE 398R AND 440RT 

HC 2 

KK 430s 

KM RUNOFF FROM SUBBASIN 430 

BA .092 

LG .11 .15 9.6 .05 

UC .254 ,127 

UA 0 5 16 30 

UA 100 

KK 430RT 

KM UNKNOWN STORM RETENTION IN SUBBASIN 430 

RS 1 STOR 0 

sv 0 11 11 

SE 9 6 100 105 

SS 100 350 2.63 1.5 



LINE 

HEC-1 INPUT PAGE 17 

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

KK 431R 

KM ROUTE 430RT TO 446C 

RS 7 FLOW - 1 
RC .030 ,016 ,030 1350 .0004 

RX 0 0.1 30 30.1 55 55.1 85 85.1 

RY 102 99.5 99 98.6 98.6 99 99.5 102 

KK 446C 

KM COMBINE 445C AND 431R 

HC 2 

KK 447R 

KM ROUTE 446C TO 468C 

RS 3 FLOW - 1 

RC .030 .C16 ,030 1350 ,0014 

RX 0 0.1 50 50.1 114 114.1 164 165 

RY 102 99.5 99 98.6 98.6 99 99.5 102 

KK 400s 

KM RUNOFF FROM SUBBASIN 400 

BA .I25 

LG .47 .25 4.8 .40 5 

UC .371 ,123 

UA 0 5 16 30 65 7 7 

UA 100 

KK 401R 

KM ROUTE 400s TO 415C 

RS 3 FLOW -1 

RC ,030 .016 .030 1900 .0105 

RX 0 0.1 50 50.1 114 114.1 164 165 

RY 102 99.5 99 98.6 98.6 99 99.5 102 

KK 410s 

KM RUNOFF FROM SUBBASIN 410 

BA ,035 

LG .10 .25 5.3 .26 47 

UC ,148 .I30 

UA 0 5 16 3 0 65 7 7 

UA 100 

KK 410RT 

KM UNKNOWN STORM RETENTION IN SUBBASIN 410 

RS 1 STOR 0 

sv 0 4 4 

SE 95.5 100 105 

SS 100 330 2.63 1.5 

KK 415C 

KM COMBINE 400s AND 410RT 

HC 2 



LINE 

HEC-1 INPUT PAGE 18 

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

KK 416R 

KM ROUTE 415C TO 421C 

RS 1 FLOW - 1 

RC ,030 ,016 ,030 650 .0091 

RX 0 0.1 50 50.1 114 114.1 164 165 

RY 102 99.5 99 98.6 98.6 99 99.5 102 

KK 420s 

KM RUNOFF FROM SUBBASIN 420 

BA ,065 

LG .11 .15 9.6 .05 

UC ,208 ,141 

UA 0 5 16 3 0 

UA 100 

KK 421C 

KM COMBINE 416R AND 420s 

HC 2 

KK 459DR 

KM RETRIEVE DIVERTED FLOW FROM 265C 

DR 265DV 

KK 266DV 

KM DIVERT 94 CFS INTO COUNTRY CLUB STORM DRAIN 

DT 266DV 

DI 0 94 2000 

DQ 0 9 4 94 

KK 459R 

KM ROUTE REMAINING FLOW FROM 265C TO 465C 

RS 7 FLOW - 1 
RC .030 .016 ,030 1700 ,0006 

RX 0 0.1 50 50.1 114 114.1 164 165 

RY 102 99.5 99 98.6 98.6 99 99.5 102 

KK 460s 

KM RUNOFF FROM SUBBASIN 460 

BA .026 

LG .07 .15 9.6 .04 

UC ,186 ,229 

UA 0 5 16 30 

UA 100 

KK 465C 

KM COMBINE 459R AND 460s 

HC 2 ,5090 

KK 450s 

KM RUNOFF FROM SUBBASIN 450 

BA .026 

LG .SO .15 9.6 .07 

UC ,347 .300 

UA 0 5 16 30 



HEC-1 INPUT PAGE 19 

LINE 

KK 466C 

KM COMBINE 465C AND 450s 

HC 2 

KK 467R 

KM ROUTE 466C TO 468C 

RS 2 FLOW - 1 
RC .030 ,016 ,030 700 ,0014 

RX 0 0.1 50 50.1 114 114.1 164 165 

RY 102 99.5 99 98.6 98.6 99 99.5 102 

KK 468C 

KM COMBINE 447R. 421C. AND 467R 

HC 3 

KK 469R 

KM ROUTE 468C TO 475C 

RS 2 FLOW - 1 

RC .030 ,016 .030 1250 .0017 

RX 0 0.1 50 50.1 114 114.1 164 165 

RY 102 99.5 99 98.6 98.6 99 99.5 102 

KK 470s 

KM RUNOFF FROM SUBBASIN 470 

BA ,056 

LG .10 .15 8.5 .07 

UC .225 ,193 

UA 0 5 16 30 

UA 100 

KK 475C 

KM COMBINE 469R AND 470s 

HC 2 

KK 476R 

KM ROUTE 475C TO 485C 

RS 3 FLOW - 1 
RC .030 .016 .030 1650 .0015 

RX 0 0.1 50 50.1 114 114.1 164 165 

RY 102 99.5 99 98.6 98.6 99 99.5 102 

KK 480s 

KM RUNOFF FROM SUBBASIN 480 

BA ,128 

LG .09 .25 5.8 .20 

UC .226 .I54 

UA 0 5 16 30 

UA 100 



LINE 

HEC-1 INPUT 

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

KK 480RT 

KM UNKNOWN STORM RETENTION IN SUBBASIN 480 

RS 1 STOR 0 

SV 0 15 15 

SE 97.5 100 105 

SS 100 1200 2.63 1.5 

KK 481R 

KM ROUTE 480RT TO 485C 

RS 4 FLOW - 1 
RC .030 ,016 ,030 1300 .001 

RX 0 0.1 30 30.1 55 55.1 85 85.1 

RY 102 99.5 99 98.6 98.6 99 99.5 102 

KK 485C 

KM COMBINE 476R AND 481R 
HC 2 

KK 486R 

KM ROUTE 485C TO 495C 

RS 4 FLOW - 1 
RC .030 ,016 ,030 2150 .0015 

RX 0 0.1 50 50.1 114 114.1 164 165 

RY 102 99.5 99 98.6 98.6 99 99.5 102 

KK 490s 

KM RUNOFF FROM SUBBASIN 490 

BA .611 

LG .23 .25 5.8 .19 

UC .540 .317 

UA 0 5 16 3 0 

UA 100 

KK 495C 

KM COMBINE 486R AND 490s 

HC 2 

KK 495DV 

KM DIVERT 98 CFS INTO MCLELLAN RD STORM DRAIN 

DT 495DV 

DI 0 98 2000 

DQ 0 9 8 9 8 

KK 496DV 

KM DIVERT 12t OF REMAINING FLOW SOUTH ON ALMA SCHOOL ROAD 

DT 496DV 

DI 0 2000 

DO 0 24 0 

PAGE 20 



LINE 

HEC-1 INPUT PAGE 21 

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

KK 497DV 

KM DIVERT 872 OF REMAINING FLOW INTO GRAVEL MINING PITS IN SUBBASIN 510 

DT 497DV 

DI 0 2000 

DO 0 1740 

KK 498R 

KM ROUTE REMAINING FLOW WEST TO MCLELLAN STORM DRAIN OUTLET DITCH 

RS 3 FLOW - 1 
RC ,035 .035 .035 900 .0032 

RX 950 951 979 980 992 1000 1024 1036 

RY 1209 1203.9 1203.9 1204 1204.1 1204 1204 1209 

KK 499DR 

KM RETRIEVE MCLELLAN STORM DRAIN FLOW (OPERATION 495DV) 

DR 495DV 

KK 499C 

KM COMBINE MCLELLAN STORM DRAIN FLOW WITH OVERLAND FLOW 

HC 2 

KK REDMTN 

KM RUNOFF FROM RED MTN. FWY. CONTRIBUTING TO DETENTION BASIN 

BA .0281 

LG ,077 .32 5.0 .25 46 

UC .I44 ,208 

UA 0 5 16 3 0 65 7 7 

UA 100 

KK 500C 

KM COMBINE MCLELLAN STORM DRAIN, OVERLAND FLOW, AND RUNOFF FROM RED MTN FWY 

HC 2 

BASIN 

RESERVOIR ROUTE OF OUTFALL DETENTION BASIN AT ALMA SCHOOL AND MCLELLAN 

54" OUTLET PIPE W/ 10-YR OR 100-YR SALT RIVER TAILWATER 

3 

1 STOR - 1 0 

0 0.008 0.180 0.856 1.534 1.856 2.337 

1191.9 1192 1193 1194 1195 1197 1200 

0 4 0 80 120 160 180 

1192 1194.5 1195.8 1197 1198.6 1199.5 

KK 500DR 

KM RETRIEVE FLOW DIVERTED SOUTH ON ALMA SCHOOL ROAD 

DR 496DV 

KK 500R 

KM ROUTE 5OODR ALONG ALMA SCHOOL ROAD TO ALMA SCHOOL DRAIN 

RS 9 FLOW - 1 
RC ,035 .016 ,035 2500 .0015 

RX 42.8 42.9 67.9 68 132 132.1 142.1 147.1 

RY 105.86 100.86 99.86 99.56 99.56 99.86 100.86 105.86 



LINE 

HEC-1 INPUT PAGE 22 

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

KK 500s 

KM RUNOFF FROM SWBASIN 500 

BA ,011 

LG .10 .25 5.0 .29 54 

UC ,100 .090 

UA 0 5 16 30 65 7 7 8 4 90 94 9 7 

UA 100 

KK 500RT 

KM UNKNOWN STORM RETENTION IN SUBBASIN 500 

RS 1 STOR 0 

sv 0 1 1 

SE 99 100 105 

SS 100 200 2.63 1.5 

KK 505C 

KM COMBINE 500R AND 5005; FLOW INTO ALMA SCHOOL DRAIN 

HC 2 

zz 



SCHEMATIC DIAGRAM OF STREAM NETWORK 

INPUT 

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

Nu. ( . ) CONNECTOR ( < - - - )  RETURN OF DIVERTED OR PUMPED FLOW 

















RE DMTN 

500C . . . . . . .  
v 
v 

BASIN 

("*) RUNOFF ALSO COMPUTED AT THIS LOCATION 



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

FLOOD HYDROGRAPH PACKAGE (HEC-1) * 
t MAY 1991 

VERSION 4.0.1E 

* RUN DATE 01/16/96 TIME 08:55:27 

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

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

U . S .  ARMY CORPS OF ENGINEERS 

l HYDROLOGIC ENGINEERING CENTER 

609 SECOND STREET 

DAVIS, CALIFORNIA 95616 

(916) 551-1748 

RED MOUNTAIN FREEWAY DRAINAGE ANALYSIS 

PHASE I1 - DOBSON ROAD TO MESA DRIVE 
100-YEAR, 24-HOUR STORM 

HEC-1 HYPOTHETHICAL RAINFALL DISTRIBUTION 

RAINFALL DEPTHS IN PH RECORD BASED ON PREFRE OUTPUT 

CLS.RK UNIT HYDROGRAPH 

GREEN-AMPT SOIL LOSS PARAMETERS 

NORMAL DEPTH CHANNEL ROUTING 

IN GENERAL, URBANIZED AREAS IN THE CITY OF MESA BUILT BETWEEN 1973 

AND 1987 WERE DESIGNED TO RETAIN THE 50-YEAR, 24-HOUR RAINFALL; FROM 1987 

TO PRESENT, THE RETENTION REQUIREMENT IS THE 100-YEAR, 2-HOUR RAINFALL. 

DIVERSIONS ALONG MAJOR STREETS WERE ESTIMATED BASED ON AS-BUILT ROADWAY 

AND STORM DRAIN PLANS, STORM DRAIN STUDY REPORTS, AND FIELD INSPECTION. 

* *  FLOW TAKEN ACROSS RED MOUNTAIN FREEWAY AT CP 65C ** 
FILENAME: RMP2-65D.DAT 

OUTPUT CONTROL VARIABLES 

I PRNT 5 PRINT CONTROL 

I PLOT 0 PLOT CONTROL 

QsCAL 0. HYDROGRAPH PLOT SCALE 

HYDROGRAPH TIME 

NMIN 

I DATE 

ITIME 

NQ 

NDDATE 

NDTIME 

ICENT 

DATA 

2 MINUTES IN COMPUTATION INTERVAL 

1 0 STARTING DATE 

0000 STARTING TIME 

720 NUMBER OF HYDROGRAPH ORDINATES 

1 0 ENDING DATE 

2358 ENDING TIME 

19 CENTURY MARK 

COMPUTATION INTERVAL 0.03 HOURS 

TOTAL TIME BASE 23.97 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 

9.. 9.. .** **. ***  ***  **t It* t.9 *** .*t ..* ***  t** *** ***  99. t** *** t** It* tt* *** ***  tt* *** tt* * * *  ***  t t *  *** ***  ***  



..****.....*** 

902 KK ' BASIN ' 

t *  ***....***.* 

OUTPUT CONTROL VARIABLES 

I PRNT 3 PRINT CONTROL 

I PLOT 0 PLOT CONTROL 

QSCAL 0. HYDROGRAPH PLOT SCALE 

HYDROGRAPH ROUTING DATA 

STORAGE ROUTING 

NSTPS 1 NUMBER OF SUBREACHES 

ITYP STOR TYPE OF INITIAL CONDITION 

RSVRIC -1.00 INITIAL CONDITION 

X 0.00 WORKING R AND D COEFFICIENT 

AREA 0.0 0.0 0.2 0.9 1.5 1.9 2.3 

ELEVATION 1191.90 1192.00 1193.00 1194.00 1195.00 1197.00 1200.00 

DISCHARGE 0. 40. 80. 120. 160. 180 

ELEVATION 1192.00 1194.50 1195.80 1197.00 1198.60 1199.50 

COMPUTED STORAGE-ELEVATION DATA 

STORAGE 0.00 0.00 0.08 0.55 1.73 5.12 11.39 

ELEVATION 1191.90 1192.00 1193.00 1194.00 1195.00 1197.00 1200.00 

COMPUTED STORAGE-OUTFLOW-ELEVATION DATA 

STORAGE 0.00 0.00 0.08 0.55 1.06 1.73 3.01 5.12 8.28 10.24 

OUTFLOW 0.00 0.00 16.00 32.00 40.00 55.38 80.00 120.00 160.00 180.00 

ELEVATION 1191.90 1192.00 1193.00 1194.00 1194.50 1195.00 1195.80 1197.00 1198.60 1199.50 

STORAGE 11.39 

OUTFLOW 191.11 

ELEVATION 1200.00 

HYDROGRAPH AT STATION BASIN 

PEAK FLOW TIME MAXIMUM AVERAGE FLOW 

(CFS) (HR) 6-HR 24-HR 72-HR 23.97-HR 

190. 13.43 (CFS) 120. 40. 40. 40. 

( INCHES) 0.520 0.698 0.698 0.698 

(AC-FT) 59. 80. 80. 80. 

PF- STORAGE TIME 

-€TI (HR) 

11. 13.43 

MAXIMUM AVERAGE STORAGE 

6-HR 24 -HR 72-HR 23.97-HR 

6. 2. 2. 2. 

PEAK STAGE TIME MAXIMUM AVERAGE STAGE 





RUNOFF SUMMARY 

FLOW IN CUBIC FEET PER SECOND 

TIME IN HOURS, AREA IN SQUARE MILES 

PEAK 

FLOW 

TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD 

PEAK 6-HOUR 24-HOUR 72-HOUR 

BASIN 

AREA 

MAXIMUM TIME OF 

STAGE MAX STAGE OPERATION 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

DIVERSION TO 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

DIVERSION TO 

HYDROGRAPH AT 

ROUTED TO 

STATION 

10s 

11R 

3 0s 

35C 

36R 

40s 

45C 

20s 

21R 

50s 

55C 

56R 

6 0s 

65C 

65DIV 

65DIV 

66R 

70s 

80s 

85C 

86R 

90s 

95C 

95DIV 

95D 

96R 



HYDROGRAPH AT 

2 COMBINED AT 

2 COMBINED AT 

R O W E D  TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

ROUTED TO 

2 COMBINED AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMB1:IED AT 

ROUTED TO 

HYDROGRAPH AT 

ROUTED TO 

2 COMBINED AT 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

3 COMBINED AT 

DIVERSION TO 

HYDROGRAPH AT 

HYDROGRAPH AT 



2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

ROUTED TO 

2 COMBINED AT 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

HYDROGRAPH AT 

4 COMBINED AT 

HYDROGRAPH AT 

ROUTED TO 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

ROUTED TO 

2 COMBINED AT 

DIVERSION TO 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

2 COMBINED AT 

HYDROGRAPH AT 

ROUTED TO 

195C 

196R 

200s 

2 0 ORT 

205C 

220s 

225C 

226R 

210s 

230s 

240s 

24SC 

96DR 

97R 

245BC 

246R 

2505 

255C 

256R 

260s 

260RT 

265C 

265DV 

265DV 

266R 

270s 

274C 

275C 

280s 

281R 



HYDROGRAPH AT 

ROUTED TO 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

ROUTED TO 

4 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

ROUTED TO 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

ROUTED TO 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

ROUTED TO 

2 COMBINED AT 

HYDROGRAPH AT 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 



ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

ROUTED TO 

2 COMBINED AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

ROUTED TO 

2 COMBINED AT 

HYDROGRAPH AT 

ROUTED TO 

ROUTED TO 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

ROUTED TO 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

HYDROGRAPH AT 

DIVERSION TO 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 



2 COMBINED AT 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

3 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

ROUTED TO 

ROUTED TO 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

DIVERSION TO 

HYDROGRAPH AT 

DIVERSION TO 

HYDROGRAPH AT 

DIVERSION TO 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

ROUTED TO 

465C 

450s 

466C 

467R 

468C 

469R 

4705 

475C 

476R 

480s 

480RT 

481R 

485C 

486R 

490s 

495C 

495DV 

495DV 

496DV 

496DV 

497DV 

497DV 

498R 

499DR 

499C 

REDrn 

SOOC 

BASIN 

SOODR 

50 OR 



HYDROGRAPH AT 5005 41. 12.07 

ROUTED TO 5 0 ORT 24. 12.20 

2 COMBINED AT 505C 157. 12.67 

* * *  N O W  END OF HEC-1 "' 
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Catch Basin Runoff and Inlet Calculations 



RED MTN. FREEWAY PHASE II 
STP 600-8-1006) 
ADOT RATIONAL METHOD 
10-YEAR STORM 
SCI Project No: 121 68 

.IOTES: 
1. Runoff Coefficients are area-weighted when more than 

one land use is present. 
2. The minimum time of concentration is 10 minutes per ADOT 
3. Calculated discharges rounded to 0.1 cfs for design. 

SITE SPECIFIC 
I-D-F CURVE PARAMETERS 

(for 10-YR return frequency storm) 

Power Curve Regression: (5 min < Tc < 60 minl 

Computed by: 
Checked by: 

Approved by: 

Date: (/z#& 
Date: - - 

Date: 

FREEWAY MAINLINE 
347 + 70 - 349 + 75 E.B. 

355 + 50 - 363 + 35 E.B. 
363 + 35 - 373 + 70 E.B. 

at. 
Phw Commbntb 

346+25 - 348 +60  W.B. 

3 4 8 + 6 0 -  355+10 W.B. 
371 + 55 - 360 + 55 W.B. 
360+ 55 - 357 + 20 W.B. 
3 5 5 + l O -  357+20 W.B. 

A*. Orhag6 Area length 

371 + 55 - 375 + 50 W.B. 
375 + 50 - 377 + 00 W.B. 

373+70 - 377+67 

U/$ Flowby - - 
Tc Inlet ac Inlrt k e a  WWI 

377 + 00 - 386 + 35 W.B. 
396 + 30 - 388 + 00 W.8. 
388 + 0 0  - 386 + 35 W.B. 

377 + 67 - 396 + 30 

lW40 of tota l  Runoff 
Caetffcimt 

6t.tton a &tian ft t l  

400+50 - 396+ 30 W.B. 
415+59 - 396+30 

4 0 7 + 7 0 -  400+50 W.B. 
412+42 - 407+45 W.B. 

t I # l U l  C (wt tftt 

420+35 - 417+05 E.B. 
417+05 - 416+25 E.B. 
416+25 - 410+55 E.B. 
410+55 - 408+81 E.B. 

tkl ND. 1 Sttbian 1 Qps tcfd ND. G1 f C2 f C3 

420+35 - 412+42 W.B. 

DOBSON T.I. 
INFIELD CB 

Ramp A 
Ramp B 
Ramp C 
Ramp D 

Ramp D @ Gore 

DOBSON ROAD 
RAMP A 

13+45 - 23+32 

RAMP B 
8 + 1 0 -  14+30  
1 4 + 3 0 -  17+25 

RAMP C 
0 + 0 0 -  9+75  

0.17 4.20 3.5 70 Infield C-15.80 
0.22 3.72 5.1 63 Infield C-15.80 
0.18 4.1 1 4.8 73 Infield C-15.80 
0.18 4.09 5.4 68 Infield C-15.80 
0.17 4.20 0.7 8 1 Infield C-15.80 

PBQD Global Design 

CB in sump 

PBQD Global Design 

Flanking Basin 

Flanking Basin 
CB in sump 

W to NIS Ramp Gore 
Median lnlet 

Future Ramp System 

End of temporary barrier 
Median lnlet 

Median lnlet 

Remove Timber Cap 
Remove Timber Cap 

Alternative C-15.30. EF-1 

CB in sump 

Stanlay Consultnls, Inc. 



RED MTN. FREEWAY PHASE II 
STP 600-8-1006) 
ADOT RATIONAL METHOD 
10-YEAR STORM 
SCI Project No: 121 6 8  

SITE SPECIFIC 
I-D-F CURVE PARAMETERS 

(for 10-YR return frequency storm) 
Date: //!&$b 
Date: 

Computed by: 
Checked by: 

Approved by: Date: 

Power Curve Regression: (5 min < Tc < 60 minl 

y = (1OAm)*(xAb1 dQE% 
1. Runoff Coefficients are area-weighted when more than 

one land use is present. 
2. The minimum time of concentration is 10 minutes per ADOT 
3. Calculated discharges rounded to 0.1 cfs for design. 

RAMP D 
O+OO - 1 +90  
1 +90  - 8+12  

8+12 - 12+42 

CB in  sump 

Clt. 
m~(, cammbmr 

RAMP D SOUTH RAN 
East of Alma Drain 
West of Alma Drain 

1191et 

X Outfall to Alma School Drain 
X Outfall to Alma School Drain 

etua af 'fotlll Sunoff 
cwtf&irht atdnwcr ~ t a a  ~ e n g t i t  

RAN 
RAN 

FREEWAY MAINLINE 
420 + 35 - 424 + 23 E.B. 
424+ 23 - 430+90 E.B. 
430+ 90 - 432+ 75 E.B. 

No. I fitttmn I T y p  C l  f C2 1 C3 Station tr, Statlam I 
~ f d t h  

Interim sump 

r I rl 1 111 
~ r e a  

433 +46  - 420+ 35 W.B. 
433 +46  - 434 +63 W.B. 

fft) 

CB in sump 

faat 

432 + 75 - 444 + 35 E.B. 
460 + 18 - 444 + 35 E.B. 
442 + 30 - 444+ 35 E.B. Flanking Basin 

Median Inlet 
CB in  sump 

Flanking Basin 

432 + 75 - 442 + 50 
434+63 - 443+00 W.B. 
441 + 65 - 443 + 00 W.B. 
469 + 50 - 466 + 55 W.B. 
466+55 - 458+00 W.B. 
458 + 00 - 449 + 25 W.B. 
449 + 25 - 444 + 35 W.B. 
444 + 35 - 443 + 70 W.B. 
443 + 00  - 443 + 70 W.B. 
469 + 50 - 471 + 60 W.B. 

467 + 90 - 467 + 65 E.B. 
467 + 65 - 461 + 38 E.B. 
461 +38 - 460+19 E.B. 
467 +90  - 471 +40 E.B. 
471 +40  - 475+00 E.B. 

ALMA SCHOOL T.1 
RAMP A 

4+09  - 4+90  
4+90 - 9+00  
9+00  - 15+00 

Scupper 

CB in sump 

Scupper 
C-15.91 
C-15.91 

RAMP B 
8+05 - 12+95 
12+95 - 17+15 

Scupper 
C-15.91 

0.0 NA 
0.3 Scupper CB in sump 

RAMP C 
7+10  - 2+25  
0 + 0 0  - 2+25  CB in sump, EF-1 Grate 

S18nl.v ConsJc8ntm. Inc. 



RED MTN. FREEWAY PHASE II 
STP 600-B-(006) 
ADOT RATIONAL METHOD 
10-YEAR STORM 
SCI Project No: 12168 

SITE SPECIFIC 
I-D-F CURVE PARAMETERS 

(for 1 O-YR return frequency storm) 
Computed by: 

Checked by: 
Date: /by?& 
Date: 

Approved by: Date: 
Power Curve Regression: (5 min < Tc < 6 0  minl 

y = ( lO*m)*(xAbl IOTES: 
1. Runoff Coefficients are area-weighted when more than 

one land use is present. 
2. The minimum time of concentration is 1 0  minutes per ADOT. 
3. Calculated discharges rounded to 0.1 cfs for design. 

RAMP D 
O+OO - 2 + 0 5  
2 + 0 5  - 5 + 4 5  
5 + 4 5  - 8 + 9 5  

1 +65 
2+05  
5 + 4 5  

Off road 
Off road 
Off road 
Off road 
Off road 
Off road 
Off road 

15+54  
21 +25 
24+35  

15+61  
21 +62  
24+15  

479 + 85 
481 +65 
482 + 41 
482 + 90 
484 + 60 
486 + 00  
486 + 75 
487 + 50 
488+10  
489 + 0 0  
489 + 95 
491 +85 
500 + 69 
501 +65 

484 + 84 
487 + 50 
494+  16 

481 + 4 0  
482 + 36  
486 + 55 
487 + 50  
488 + 30 
489 + 30  
498+10  
499 + 20 
502+10  

3 

C-15.91 
C-15.91 
Scupper 

C-15.80 
C-15.80 
C-15.80 
C-15.80 
C-15.80 
C-15.80 
C-15.80 

Mag Dtl 
C-15.20 
C-15.20 

Mag Dtl 
C-15.20 
C-15.20 

C-15.91 
C-15.91 
C-15.91 
C-15.91 
C-15.91 
C-15.91 
C-15.91 
C-15.91 
C-15.91 
C-15.91 
C-15.91 
C-15.92 
C-15.91 
C-15.92 

C-15.80 
C-15.80 
C-15.80 

C-15.92 
C-15.91 
C-15.92 
C-15.92 
C-15.92 
C-15.92 
C-15.91 
C-15.91 
C-15.91 

CB in sump 

Scupper 

INFIELD CB 
Ramp A 

Ramp A RMI  
Ramp B 
Ramp C 

Ramp C RMI  
Ramp D 

Ramp D RMI  

0.3 Scupper 
0.0 NA 
1.5 Scupper 
0 .0  NA 
0.0 NA 
1.0 Scupper 
0.0 N A 

ALMA SCHOOL ROAD 
1 4 + 9 2  - 1 7 + 0 0  S.B. 
1 8 + 5 0  - 21 +25  S.B. 
24 + 35 - 22 + 20 S.8. 

x CB in  sump 
x 3' Wing 
X 3'  Wing in Reverse Direction 

1 4 + 9 2  - 18+00N.B. 
1 9 + 0 0  - 21 + 6 2  N.B. 
2 3 + 4 5  - 24+15  N.B. 

C8 in sump 

FREEWAY MAINLINE 
4 7 5 + 0 0  - 479+85  E.8. 
479+85  - 481 +65 E.B. 
481 + 6 5  - 482 +41  E.B. 
482 + 41 - 482 + 9 0  E.B. 
482 + 9 0  - 484 + 60 E.B. 
484 + 6 0  - 486 + 0 0  E.B. 
4 8 6 + 0 0  - 486+75  E.B. 
486+75  - 488+10  E.B. 
488 + 1 0  - 489 + 0 0  E.B. 
489 + 00 - 489 + 95 E.B. 
489 + 95 - 491 +85 E.B. 
491 + 8 5  - 500+69 E.B. 
500 + 69 - 501 + 65 E.B. 
501 + 65 - 507 + 79 E.B. 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

x Future Ramp Gore 
X 

Alma D Sta 10+97  
Alma D Sta 12  + 68 
Alma D Sta 1 4  + 0 8  

CB in sump 

MEDIAN INLETS 
4 8 2 + 0 4  - 485+00  
4 8 5 + 0 0 - 4 9 4 + 1 6  
4 9 4 + 1 6  - 498+10  

X 

X X Timber cap with Phase II 
x 

471 + 6 0  - 481 + 4 0  W.B. 
481 + 4 0  - 482 +36  W.8. 
482 + 36  - 486 + 55 W.B. 
486 + 55 - 488 + 30  W.8. 
488 + 3 0  - 489 + 3 0  W.B. 
4 8 9 + 3 0 - 4 9 8 + 1 0  W.B. 
4 9 8 + l O -  499+20W.B.  
4 9 9 + 2 0 -  502+10  W.B. 
5 0 2 + 1 0  - 507+79 W.B. 

X 

X 

X 

x CB in sump 
x 
x 

X 

X 

X 



RED MTN. FREEWAY PHASE II 
STP 600-8-(0061 
ADOT RATIONAL METHOD 
10-YEAR STORM 
SCI Project No: 12168 

.JOTES: 
1. Runoff Coefficients are area-weighted when more than 

one land use is present. 
2. The minimum time of concentration is 10  minutes per ADOT. 
3. Calculated discharges rounded to  0.1 cfs for design. 

SITE SPECIFIC 
I-D-F CURVE PARAMETERS 

(for 10-YR return frequency storm) 

Power Curve Regression: (5 min < Tc < 6 0  minl 

Computed by: 
Checked by: 

Approved by: 

Date: 
Date: 
Date: 

McKELLlPS 1 . 1 .  
RAMP A 

6 + 9 0  - 1 2 + 7 5  
1 2 + 7 5  - 1 5 + 0 9  

RAMP 8 
6 + 6 8  - 8 + 3 0  
8 + 3 0  - 9 + 8 0  

9 + 8 0 -  14+85  

w. 
Pnw C4mmbttt~ 

t I r 1 tll 
D t & w  Arcra Liwrgth 

Station to Station tfu 

INFIELDS 
Ramp A 
Ramp B 

Ramp B RMI  

1 2 + 7 5  
1 4 + 0 0  

6 + 69 
9 + 80  

14+85  

Off road 
Off road 
Off road 

Wttl 
fttt 

C-15.91 
C-15.92 

Scupper 
Scupper 
C-15.91 

C-15.80 
C-15.80 
C-15.75 

0.0 NA 
0.8 Scuppers 
0.0 NA 

CB in sump 

lnhrt 
No. I Statian 1 Q w  

&@a 
twt 

Drop Inlet 

Stanlay Cmsuhants. Inc. 

of TWotal flllrl~ff 
CMfic ic~t  

. C* ! C2 I C3 
Q 

{ah) 



RED MTN. FREEWAY PHASE II 
STP 600-8-(006) 
ADOT RATIONAL METHOD 
10-YEAR STORM 
SCI Project No: 12188 

uE% Yadab YPlva 
1. Runoff Coefficients are area-weighted when more than Cw Weir Coeffic~ent 3.00 

one land use is present. P Perimeter 8.3 
2. The minimum time of concentration is 10 minutes per ADOT. Perimeter Debris Factor 0.75 
3. Calculated dtscharges rounded to 0.1 cfs for design. Co Orifice Coefficient 0.67 
4. Inlet depths are calculated using ADOT design criteria. A Area of Grate (C-15.80 4.09 

Area Debris Factor 0.50 

Computed bv: g ?  Date: / / 4 6  
Checked by: Data: 

Applovcd by: Date: 

Weir 
Weir 
Weir 

DOBSON 1.1. 
INFIELD CB 

Ramp A 
Ramp B 
Ramp C 
Ramp D 

Ramp D @ Gore 

1 .2 0.7 0.2 4.2 3.5 70.0 Infield C-15.80 
2.0 0.7 0.2 3.7 5.1 63.0 Infield C-15.80 
1.7 0.7 0.2 4.1 4.8 7310 Infield C-15.80 
1.9 0.7 0.2 4.1 5.4 68.0 Infield C-15.80 
0.2 0.7 0.2 4.2 0.7 81.0 Infield C-15.80 

Weir 
Weir 
Weir 
Weir 
Weir 

RAMP D SOUTH RIW 
East of Alma Drain 
West of Alma Drain 
432+75 - 442+50 

1.6 0.7 0.2 4.2 4.6 86.0 RIW C-15.80 
4.2 0.7 0.2 3.9 11.5 87.0 RIW C-15.80 
0.7 0.7 0.2 4.2 2.1 94.0 442+30 C-15.80 

Weir 
Orifice 
Weir 

INFIELD CB 
Ramp A 

Ramp A RMI 
Ramp 8 
Ramp C 

Ramp C R/W 
Ramp D 

Ramp D RIW 

1.5 0.7 0.2 4.2 4.5 129.0 Off road C-15.80 
1.9 0.7 0.2 4.2 5.6 131.0 Off road C-15.80 
1.1 0.7 0.2 3.8 3.0 107.0 Off road C-15.80 
1.2 0.7 0.2 4.2 3.6 121.0 Off road C-15.80 
1.7 0.7 0.2 4.2 4.9 123.0 Off road C-15.80 
0.9 0.7 0.2 4.1 2.4 109.0 Off road C-15.80 
7.3 0.9 0.4 2.7 17.0 112.0 Off road C-15.80 

0.3 Scupper 4.8 0.41 0.19 0.41 
0.0 NA 5.6 0.45 0.26 0.45 
1.5 Scupper 4.5 0.39 0.17 0.39 
0.0 NA 3.6 0.33 0.1 1 0.33 
0.0 NA 4.9 0.41 0.20 0.41 
1.0 Scupper 3.4 0.32 0.10 0.32 
0.0 NA 17.0 0.94 2.41 2.41 

Weir 
Weir 
Weir 
Weir 
Weir 
Weir 

Orifice 

MEDIAN INLETS 
482+04 - 485+00 
485+00-  494+16 
494+16 - 498+10 

Weir 
Weir 
Weir 

INFIELDS 
Ramp A 
Ramp B 

Ramp B R/W 

0.8 0.7 0.2 4.2 2.3 NA Off road C-15.80 
0.4 0.7 0.2 4.2 1.0 NA Off road C-15.80 
2.1 0.7 0.2 3.8 5.7 104.0 Off road C-15.75 

0.0 NA 2.3 0.25 0.04 0.25 
0.8 Scuppers 1.8 0.21 0.03 0.21 
0.0 NA 5.7 0.45 0.27 0.45 

Weir 
Weir 
Weir 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

08-22-1995 
PROJECT NAME- s A z t a ~  TRACS NO. - 
HIGHWAY NAME- 68.  Ni'k/&~/& DESIGNER - 4 
LOCATION - 35$+n> CHECKER - PAGE 
Ver 3.30: March 1994 

SLOTTED DRAIN W/ GRATE--IN SUMP 

GUTTER FLOW HYDRAULICS 

GUTTER DESCRIPTION 

Roadway Cross-Slope-Ft./Ft.--Sx = 0.041 
Shoulder Width-Ft.-- = 7.500' 

Shoulder Slope-Ft./Ft.--Ss = 0.041 
Gutter Width-Ft.--W = 2.500 

Gutter Slope-Ft./Ft.--Sw = 0.067 
Gutter Depression-Inches-- - - 2.000 

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 1.828 4.072 7.317 13.260 

10.000 3.247 2.652 5.773 10.134- 
15.000 4.148 1.751 4.640 7.843 
20.000 4.550 1.351 4.074 6.697 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- .Sk~ozL  TRACS NO. - 
HI GHWAY NAME - € .8, /JL //J& DESIGNER - C/4~1 
LOCATION - 36.?+3S CHECKER - PAGE 
Ver 3.30: March 1994 

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 = 8.300/ 
SPREAD-Ft . - -T = 9.009 

Average Velocity-V-fps = 3.784 

FLOW in Gutter-CFS--Q = 4.952 
% Flow in Gutter-CFS = 59.668 

Velocity of Flow in Gutter-fps = 4.625 
Depth at Curb Line-Inches--d = 6.140 

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 = 7.140 
Local Gutter Depression-Inches = 1.000' 

Length of opening: TOTAL Intercept--Ft. = 17.801 
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 0.313 2.597 4.068 6.665 1.635 80.30 

10.000 0.573 4.753 2.879 7.631 0.669 '91.94 
15.000 0.776 6.442 1.723 8.165 0.135 98.3- 
20.000 0.919 7.629 0.670 8.299 0.001 99.99 
25.000 0.994 8.249 0.051 8.300 0.000 100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- J ~ n a  ZL TRACS NO. - 
HIGHWAY NAME- ,f,&', f?!h/f i~ /dE DESIGNER - d/f/q 
LOCATION - 4 / 0  fJT CHECKER - PAGE 
Ver 3.30: March 1994 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 1.070' 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 95.000 
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-~t./Ft.--SW = 0.067 

Gutter Depression-Inches-- = 2 . 0 0 0 ~  
Manning's 'N = 0.016 

Flow-CFS--Q = 4.310/ 
SPREAD-Ft.--T = 11.247-- 

Average Velocity-V-fps = 3.055 

FLOW in Gutter-CFS--Q = 2.577 
% Flow in Gutter-CFS = 59.795 

velocity of Flow in Gutter-fps = 3.991 
Depth at Curb Line-Inches--d = 4.099 

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 = 4.099 
Local Gutter Depression-Inches = 0.000 

Length of opening: TOTAL Intercept--Ft. = 21.025 
Capture Ratio - -  SLOTTED DRAIN = 0.670- 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (s.D.) Q(GRATE) Q(1NT.) Q(By-Pass) 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - - - - - - - - - - - -  
10.000 0.499 2.150 1.606 3.756 0.554 
15.000 0.690 2.973 1.150 4.123 0.187 
20.000 0.839 3.616 0.677 4.292 0.018 
25.000 0.943 4.065 0.245 4.310 0.000 
30.000 0.996 4.294 0.016 4.310 0.000 

% CAPT. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

- -  - - 

PROJECT NAME- <R&z c TRACS NO. - I 

HIGHWAY NAME- &I? , w A - l , ~ ~ t d C  DESIGNER - &I 
LOCATION - Q O d  tS / ( ( / ~ r / m  ) CHECKER - - PAGE 
Ver 3.30: March 1994 

- 

SLOTTED DRAIN GRATE - -ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 1.070 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 9.500 
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 = 1.360 
SPREAD-Ft.--T = 6.243 

Average Velocity-V-fps = 2.534 

FLOW in Gutter-CFS--Q = 1.180 
% Flow in Gutter-CFS = 86.781 

Velocity of Flow in Gutter-fps = 2.976 
Depth at Curb Line-Inches--d = 2.908 

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 = 2.908 
Local Gutter Depression-Inches = 0.000 

Length of opening: TOTAL Intercept--Ft. = 11.228 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH 
- - - - - - 
5.000 

10.000 
15.000 
20.000 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME - cfL:?;:.- TRACS NO. - 
HIGHWAY NAME- !;#,//: ,I>/ DESIGNER - c / & ~  
LOCAT I ON 1 O L Z M , ~ ~ ~ ? ,  CHECKER - PAGE 
Ver 3.30: March 1994 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 1.070 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 9.500-- 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500' 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- = 2.000 
Manning's 'N = 0.016 

Flow-CFS- -Q = 4.270' 
SPREAD-Ft.--T = 11.200 

Average Velocity-V-fps = 3.050 

FLOW in Gutter-CFS--Q = 2.562 
% Flow in Gutter-CFS = 59.997 

Velocity of Flow in Gutter-fps = 3.982 
Depth at Curb Line-Inches--d = 4.088 

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 = 4.088 
Local Gutter Depression-Inches = 0.000 

Length of opening: TOTAL Intercept--Ft. = 20.918 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH 
- - - - - -  

Efficiency Q(S.D.) Q(GRATE) Q(INT.1 Q(By-Pass) % ~APT. 
- - - - - - - - - -  - - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - - 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- TRACS NO. - 
HIGHWAY NAME- &,&, [44,,,,, L //]p DESIGNER - 'kfl 
LOCATION - a i h c z c  CHECKER - PAGE 
Ver 3.30: March 1994 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 1.088 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.008 

- Shoulder Width-Ft.-- - 5.500 
Shoulder Slope-Ft./Ft.--Ss = 0.008 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- - - 2.000 
Manning's IN = 0.016 

Flow-CFS--Q = 0.530 1 
SPREAD-Ft.--T = 3.667 

Average Velocity-V-fps = 2.249 

FLOW in Gutter-CFS--Q = 0.529 
% Flow in Gutter-CFS = 99.781 

Velocity of Flow in Gutter-fps = 2.294 
Depth at Curb Line-Inches--d = 2.106 

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 = 0.000 

Flow-CFS--Q = 0.530 
GUTTER FLOW at INLET-CFS--Q = 0.529 
Gutter Velocity at INLET-fps = 2.294 

Depth at INLET Curb Line-Inches--d = 2.106 

Frontal Flow Intercepted by GRATE--CFS = 0.517 
Lateral Flow Intercepted by GRATE--CFS = 0.009 
TOTAL Flow Intercepted by GRATE--CFS = 0.526 

% FLOW Intercepted = 99.303 
By-pass Flow--CFS = 0.004-- 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

10-31-1995 
PROJECT NAME- 51261" L - TRACS NO. - 
HIGHWAY NAME- E,b, /it?-,d L:N& DESIGNER - t /FA<. 
LOCATION - 4/7 +K CHECKER - PAGE 
Ver 3.30: March 1994 

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 = 2.150, 
SPREAD-Ft.--T = 8.334 

Average Velocity-V-fps = 2.436 

FLOW in Gutter-CFS--Q = 1.579 
% Flow in Gutter-CFS = 73.458 

Velocity of Flow in Gutter-fps = 3.040 
Depth at Curb Line-Inches--d = 3.493 

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 = 4.493 
Local Gutter Depression-Inches = 1.000 

Length of opening: TOTAL Intercept--Ft. = 9.993 
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 0.520 1.119 1.018 2.137 0.013 
10.000 0.864 1.859 0.291 2.150 0.000 
15.000 1.000 2.150 0.000 2.150 0.000 

% CAPT. 
- - - - - - -  
99.38 
100. o o e  
100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- 7/ZC7Z G TRACS NO. - 
- 

HIGHWAY NAME- E. d. /: ;-:a ,VL /.I& DESIGNER - .- 
\ /<r# 

I LOCATION - ~ z ~ $ z z , ~ ~  CHECKER - PAGE 
Ver 3.30: March 1994 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.945 ' 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.053 

Shoulder Width-Ft.-- = 7.500' 
Shoulder Slope-Ft./Ft.--SS = 0.053, 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./~t.--Sw = 0.067 

Gutter Depression-Inches-- - - 2.000-- 
Manning's 'N = 0.016 

Flow-CFS--Q = 2.600 ;' 
SPREAD-Ft.--T = 5.449 / 

Average Velocity-V-fps = 3.134 

FLOW in Gutter-CFS--Q = 2.145 
% Flow in Gutter-CFS = 82.494 

Velocity of Flow in Gutter-fps = 3.580 
Depth at Curb Line-Inches--d = 3.876 

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 = 3.876 
Local Gutter Depression-Inches = 0.000 

Length of opening: TOTAL Intercept--Ft. = 13.735 
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 

10-24-1995 
PROJECT NAME- 54262 L TRACS NO. - 
HIGHWAY NAME- F,&. f i l l  ,/JL//**E DESIGNER - d k / ~  
LOCATION - -430 +40 CHECKER - PAGE 
Ver 3.30: March 1994 

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 = 4.990' 
SPREAD-Ft.--T = 7.208 / 

Average Velocity-V-fps = 4.504 

FLOW in Gutter-CFS--Q = 3.633 
% Flow in Gutter-CFS = 72.799 

Velocity of Flow in Gutter-fps = 5.408 
Depth at Curb Line-Inches--d = 4.224 

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 = 5.224 
Local Gutter Depression-Inches = 1.006' 

Length of opening: TOTAL Intercept--Ft. = 18.243 
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 0.306 1.527 2.972 4.498 0.492 90.15 
10.000 0.561 2.801 2.065 4.866 0.124 97.51 
15.000 0.763 3.809 1.175 4.984 0.006 9 9 . 8 7 e  
20.000 0.908 4.532 0.458 4.990 0.000 100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

LOCATION - 474 4 3 2 ~  75- CILYbL.-.. 

PROJECTNAME- SR7GilL TRACS NO. - 
HIGHWAY NAME- K.h'- f i l / / / ~ ~  ///€ DESIGNER - 

UFPTCFR - 
(.I Rfi l  

PAGE 
Ver 3.30: ~arch~i994 ' 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 1.869 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.008 

Shoulder Width-Ft.-- = 5.500/ 
Shoulder Slope-Ft./Ft.--Ss = 0.008 

Gutter Width-Ft.--W = 2.500'. 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- = 2.000 
Manning's 'N = 0.016 

Flow-CFS--Q = 1.380 / 
SPREAD-Ft.--T = 8.957 

Average Velocity-V-fps = 2.822 

FLOW in Gutter-CFS--Q = 1.178 
% Flow in Gutter-CFS = 85.335 

Velocity of Flow in Gutter-fps = 3.560 
Depth at Curb Line-Inches--d = 2.588 

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 = 1.380 
GUTTER FLOW at INLET-CFS--Q = 1.373 
Gutter Velocity at INLET-fps = 3.949 

Depth at INLET Curb Line-Inches--d = 3.169 

Frontal Flow Intercepted by GRATE--CFS = 1.342 
Lateral Flow Intercepted by GRATE--CFS = 0.022 
TOTAL Flow Intercepted by GRATE--CFS = 1.364 

% FLOW Intercepted = 98.860 
By-pass Flow--CFS = 0.016 1 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- ,%/X~'L TRACS NO. - 
HIGHWAY NAME- La/. / j f ? / / ~ L . / / / f  DESIGNER - c//2f 8.7 

LOCATION - 44,' + d T  CHECKER - PAGE 
Ver 3.30: March 1994 

SLOTTED DRAIN W/ GRATE--IN SUMP 

GUTTER FLOW HYDRAULICS 

GUTTER DESCRIPTION 

Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 
Shoulder Width-Ft.-- = 9.500 

Shoulder Slope-Ft./Ft.--Ss = 0.020 
Gutter Width-Ft.--W = 2.500 

Gutter Slope-Ft./~t.--Sw = 0.067 
Gutter Depression-Inches-- - - 2.000 

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 = O.SOOl, 
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 

1 0 - 2 5 - 1 9 9 5  
TQ="S NO. - - - 
DESIGNER - 

$1- CHECKER - 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 = 7 .430  
SPREAD-Ft.--T = 16 .898  

Average Velocity-V-fps = 2 .476  

\ 
FLOW in Gutter-CFS--Q = 3 .095  

% Flow in Gutter-CFS = 41 .653  
Velocity of Flow in Gutter-fps = 3 .334  
Depth at Curb Line-Inches--d = 5 .456  

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.92 

Grate Length--Ft. = 3 .350  
Grate Width---Ft. = 2 . 0 0 0  

Grate Area--Sq. Ft. = 5 .590  
Splash-Over Velocity--FPS = 7 . 3 5 0  

Depth at INLET Curb Line-Inches--d = 5 .456  
Local Gutter Depression-Inches = 0 .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.1 Q(GRATE) Q(INT.1 Q(By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - -  - - - - - - - - - -  - - - - - - -  
10 .000  0 .459  3 .408  2 .213 5 . 6 2 1  1 . 8 0 9  7 5 . 6 5  
15 .000  0 .640 4 .757  1 . 7 1 0  6 .467  0 .963 87 .04  
20 .000  0 .788 5 .856  1 .204  7 .060  0 .370  95 .02  
25 .000  0 .900  6 .689  0 .687 7 .376  0 .054 99 .27  
30 .000  0 .973 7 .232  0 .198 7 .430  0 .000  1 0 0 . o p  



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

r l r  I 
12-06-1995 

PROJECT NAME- L ? / A J ~  - TRACS NO. - 
HIGHWAY NAME- , . 6 .A", 1, .& j / l L  * / ;  /' DESIGNER - (/ k'm 
LOCATION - 442 t 3 o  CHECKER - PAGE 
Ver 3.30: March 1994 

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 = 1.730' 
SPREAD-Ft.--T = 9.050 

Average Velocity-V-fps = 1.793 

FLOW in Gutter-CFS--Q = 1.218 
% Flow in Gutter-CFS = 70.399 

Velocity of Flow in Gutter-fps = 2.273 
Depth at Curb Line-Inches--d = 3.572 

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 = 1.730 
GUTTER FLOW at INLET-CFS--Q = 1.218 
Gutter Velocity at INLET-fps = 2.273 

Depth at INLET Curb Line-Inches--d = 3.572 

Frontal Flow Intercepted by GRATE--CFS = 1.090 
Lateral Flow Intercepted by GRATE--CFS = 0.188 
TOTAL Flow Intercepted by GRATE--CFS = 1.278 

% FLOW Intercepted = 73.866 
By-pass Flow--CFS = 0.452 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

12-06-1995 
PROJECT NAME- JR 262 L TRACS NO. - 
HIGHWAY NAME- g, & ,:j iF':, : ,,-, K DESIGNER - (/F,,tq 
LOCATION - d i L  - 35- CHECKER - PAGE 
Ver 3.30: March 1994 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 1.188' 
Roadway Cross-Slope-Ft./~t.--Sx = 0.028' 

Shoulder Width-Ft.-- = 9.500 
Shoulder Slope-Ft./Ft.--Ss = 0. 028,/' 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- - - 2.000 
Manning's 'N = 0.016 

Flow-CFS--Q = 13.530 1 
SPREAD-Ft.--T = 14.603 

Average Velocity-V-fps = 4.388 

FLOW in Gutter-CFS--Q = 6.024 
% Flow in Gutter-CFS = 44.523 

Velocity of Flow in Gutter-fps = 5.743 
Depth at Curb Line-Inches--d = 6.035 

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 = 6.035 
Local Gutter Depression-Inches = 0.000 

Length of opening: TOTAL Intercept--Ft. = 36.373 
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. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - -  - - - - - - - - - -  - - - - - - -  
20.000 0.563 7.613 3.339 10.952 2.578 80.95 
25.000 0.671 9.075 2.777 11.852 1.678 87.59 
30.000 0.765 10.349 2.218 12.567 0.963 92.88 
35.000 0.845 11.429 1.662 13.091 0.439 96.75 
40.000 0.910 12.306 1.106 13.412 0.118 99.13 6-. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- , P -/ ; _(r ' + G P W  TRACS NO. - 
HIGHWAY NAME- . /; .b , / /A /rc/g DESIGNER - dzt'zf 
LOCATION - 440 ' I : .  7:C: CHECKER - PAGE 
Ver 3.30: March 1994 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 1.756 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.048 

Shoulder Width-Ft.-- = 9.500 
Shoulder Slope-Ft./Ft.--Ss = 0.048 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- - - 2.000 
Manning's IN = 0.016 

Flow-CFS--Q = 0.810' 
SPREAD-Ft.--T = 2.948 

Average Velocity-V-fps = 3.034 

FLOW in Gutter-CFS--Q = 0.807 
% Flow in Gutter-CFS = 99.596 

Velocity of Flow in Gutter-fps = 3.078 
Depth at Curb Line-Inches--d = 2.258 

GRATE TYPE: ADOT STD.--Cl5.91 

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 = 0.810 
GUTTER FLOW at INLET-CFS--Q = 0.810 
Gutter Velocity at INLET-fps = 3.373 

Depth at INLET Curb Line-Inches--d = 2.631 

Frontal Flow Intercepted by GRATE--CFS = 0.809 
Lateral Flow Intercepted by GRATE--CFS = 0.001 
TOTAL Flow Intercepted by GRATE--CFS = 0.810 

% FLOW Intercepted = 99.999 
By-pass Flow--CFS = 0.000 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- ~ M z o Z -  TRACS NO. - 
HIGHWAY NAME- e,&. f i  7d /~JL ///& DESIGNER - \ 'dv 
LOCATION - $41 f 38 CHECKER - PAGE 
Ver 3.30: March 1994 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 1.528 
Roadway Cross-Slope-Ft./Ft.--SX = 0.048 

Shoulder Width-Ft.-- = 9.500 
Shoulder Slope-Ft./Ft.--SS = 0.048 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- - - 2.000 
Manning's 'N = 0.016 

Flow-CFS--Q = 4.390- 
SPREAD-Ft.--T = 6.421 

Average Velocity-V-fps = 4.190 

FLOW in Gutter-CFS--Q = 3.342 
% Flow in Gutter-CFS = 76.122 

Velocity of Flow in Gutter-fps = 4.923 
Depth at Curb Line-Inches--d = 4.258 

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 = 4.258 
Local Gutter Depression-Inches = 0.000 

Length of opening: TOTAL Intercept--Ft. = 20.157 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency ~(s.D.1 Q(GRATE) Q(1NT.) Q(By-Pass) % CAPT. 
- - - - - - -  
92.65 
97.95 
9 9 . 8 e  
100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- ,y,f 26 Z TRACS NO. - 
HIGHWAY NAME- t‘, k .  //A, 17/L /tA/6 DESIGNER - J fi't ; .' 
LOCATION - 4 - 6 7 - t b T  CHECKER - PAGE 
Ver 3.30: March 1994 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.329 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.007 

Shoulder Width-Ft.-- = 5.500 
Shoulder Slope-Ft./Ft.--SS = 0.007 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--SW = 0.067 

Gutter Depression-Inches-- - - 2.000 
Manning's 'N = 0.016 

Flow-CFS- -Q = 0.190' 
SPREAD-Ft.--T = 2.244 

Average Velocity-V-fps = 1.131 

FLOW in Gutter-CFS--Q = 0.190 
% Flow in Gutter-CFS = 100.013 

Velocity of Flow in Gutter-fps = 1.132 
Depth at Curb Line-Inches--d = 1.796 

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 = 0.000 

Flow-CFS--Q = 0.190 
GUTTER FLOW at INLET-CFS--Q = 0.190 
Gutter Velocity at INLET-fps = 1.132 

Depth at INLET Curb Line-Inches--d = 1.797 

Frontal Flow Intercepted by GRATE--CFS = 0.190 
Lateral Flow Intercepted by GRATE--CFS = 0.000 
TOTAL Flow Intercepted by GRATE--CFS = 0.190 

% FLOW Intercepted = 100.000 
By-pass Flow--CFS = 0.000 ' 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- < / .? - -  TRACS NO. - 
HIGHWAY NAME- (,&. f i f4// / ;  .,~4 DESIGNER - ljpfff 
LOCATION - &7/ f 40 CHECKER - PAGE 
Ver 3.30: ~arch1994 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.388 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.057 

Shoulder Width-Ft.-- = 7.500 
Shoulder Slope-Ft./Ft.--Ss = 0.057 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./~t.--Sw = 0.067 

Gutter Depression-Inches-- = 2.000' 
Manning's 'N = 0.016 

Flow-CFS--Q = 2.610' 
SPREAD-Ft.--T = 6.282 

Average Velocity-V-fps = 2.260 

FLOW in Gutter-CFS--Q = 1.971 
% Flow in Gutter-CFS = 75.515 

Velocity of Flow in Gutter-fps = 2.638 
Depth at Curb Line-Inches--d = 4.587 

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 = 4.587 
Local Gutter Depression-Inches = 0.000 

Length of opening: TOTAL Intercept--Ft. = 10.531 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D.1 Q(GRATE) Q(1NT.) Q(By-Pass) 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - -  - - - - - - - - - -  
10.000 0.838 2.187 0.418 2.605 0.005 
15.000 0.996 2.600 0.010 2.610 0.000 
20.000 1.000 2.610 0.000 2.610 0.000 

% CAPT. 
- - - - - - - 
99.80+- 
100.00 
100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- 5 8 ~ 2  L 
HIGHWAY NAME- L. 8 .  / t i A / r . < l / ~ F  
LOCATION - 479 +yh, 77 
Ver 3 .30 :  March 1994  

TRACS NO 
DESIGNER 
CHECKER 

\ /F 74 
PAGE 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 1.069 '  
Roadway Cross-Slope-Ft./Ft.--Sx = 0 .057  

Shoulder Width-Ft.-- = 7 .500  
Shoulder Slope-Ft./Ft.--Ss = 0 .057  

Gutter Width-Ft.--W = 2 . 5 0 0  
Gutter Slope-Ft./Ft.--Sw = 0 .067  

Gutter Depression-Inches-- = 2 .000  
Manning's 'N = 0 .016  

Flow-CFS--Q = 2.420J 
SPREAD-Ft.--T = 4 . 9 9 7  

Average Velocity-V-fps = 3 .262  

FLOW in Gutter-CFS--Q = 2 .069  
% Flow in Gutter-CFS = 85.512 

Velocity of Flow in Gutter-fps = 3 .668  
Depth at Curb Line-Inches--d = 3 . 7 0 8  

SLOTTED DRAIN--ADOT STD.--C13.60 
GRATE TYPE: ADOT STD.--C15.92 

Grate Length--Ft. = 3  - 3 5 0  
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 .708  
Local Gutter Depression-Inches = 0.000 

Length of opening: TOTAL Intercept--Ft. = 1 3 . 7 0 2  
Capture Ratio - -  SLOTTED DRAIN = 0 .670  

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D.1 Q(GRATE) Q(1NT.) Q(By-Pass) 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - - - - - - - - - - - -  
10 .000  0 . 7 0 1  1 . 6 9 7  0 .705  2 .402  0 .018  
15 .000  0 .907  2 .196  0 .224  2 .420  0 .000  
20 .000  0 .999 2 .417  0.003 2 .420  0 .000  
25 .000  1 .000  2 . 4 2 0  0 .000 2 .420  0 .000 

% CAPT. 
- - - - - - - 

99.2- 
1 0 0 . 0 0  
1 0 0 . 0 0  
1 0 0 . 0 0  



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- . ( ~ a a  2 L TRACS NO. - 
HIGHWAY NAME- /. x.  ,i/,-?/,~! 104 DESIGNER - dm? 
LOCATION - 47'7f-fir CHECKER - PAGE 
Ver 3.30: March 1994 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 2.004 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.035 

Shoulder Width-Ft.-- = 5.500 
Shoulder Slope-Ft./Ft.--Ss = 0.035 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- = 2.000 
Manning's 'N = 0.016 

Flow-CFS--Q = 3.620 
SPREAD-Ft.--T = 6.597 

Average Velocity-V-fps = 4.231 

FLOW in Gutter-CFS--Q = 2.833 
% Flow in Gutter-CFS = 78.252 

Velocity of Flow in Gutter-fps = 5.022 
Depth at Curb Line-Inches--d = 3.708 

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 = 4.708 
Local Gutter Depression-Inches = 1.000 

Length of opening: TOTAL Intercept--Ft. = 15.924 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D.1 Q(GRATE) Q(1NT.) Q(By-Pass) 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - -  - - - - - - - - - -  
10.000 0.626 2.265 1.342 3.608 0.012 
15.000 0.834 3.019 0.601 3.620 0.000 
20.000 0.964 3.489 0.131 3.620 0.000 
25.000 1.000 3.620 0.000 3.620 0.000 

% CAPT. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

12-11-1995 
PROJECT NAME- ~ ~ G Z L  TRACS NO. - 
HIGHWAY NAME- E. d. /W/WL///~ DESIGNER - , / , - , o f  

LOCATION - % / + L T  CHECKER - PAGE 
Ver 3.30: March 1994 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 2.349 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.006 

Shoulder Width-Ft.-- = 5.500 
Shoulder Slope-Ft./~t.--Ss = 0.006 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- - - 2.000 
Manning's 'N = 0.016 

Flow-CFS--Q = 1.340 
SPREAD-Ft.--T = 8.870 

Average Velocity-V-fps = 3.086 

FLOW in Gutter-CFS--Q = 1.182 
% Flow in Gutter-CFS = 88.238 

Velocity of Flow in Gutter-fps = 3.843 
Depth at Curb Line-Inches--d = 2.477 

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 = 1.340 
GUTTER FLOW at INLET-CFS--Q = 1.340 
Gutter Velocity at INLET-fps = 4.266 

Depth at INLET Curb Line-Inches--d = 3.008 

Frontal Flow Intercepted by GRATE--CFS = 1.322 
Lateral Flow Intercepted by GRATE--CFS = 0.010 
TOTAL Flow Intercepted by GRATE--CFS = 1.332 

% FLOW Intercepted = 99.371 
By-pass Flow--CFS = 0.008 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

- - 

PROJECT NAME- - .- .,- .' >'.- -- 

HIGHWAY NAME- f -6. ///,//: . v f f  
LOCATION - 4'$iZ.+f1f),flG' 
Ver 3.30: March 1994 

TRACS NO 
DESIGNER 
CHECKER 

( /k 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 = 0.510, 
SPREAD-Ft.--T = 2.269 

Average Velocity-V-fps = 2.972 

FLOW in Gutter-CFS--Q = 0.510 
% Flow in Gutter-CFS = 100.013 

Velocity of Flow in Gutter-fps = 2.972 
Depth at Curb Line-Inches--d = 1.815 

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 = 0.510 
GUTTER FLOW at INLET-CFS--Q = 0.510 
Gutter Velocity at INLET-fps = 3.289 

Depth at INLET Curb Line-Inches--d = 2.113 

Frontal Flow Intercepted by GRATE--CFS = 0.510 
Lateral Flow Intercepted by GRATE--CFS = 0.000 
TOTAL Flow Intercepted by GRATE--CFS = 0.510 

% FLOW Intercepted = 100.000 
By-pass Flow--CFS = 0.000 y' 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

12-11-1995 
PROJECT NAME- 3 2 0 2  L TRACS NO. - 
HIGHWAY NAME- 6,  8. )/P?/NL. //// DESIGNER - \ /,.i , M 
LOCATION - 48 % "90 CHECKER - PAGE 
Ver 3.30: March 1994 

GRATE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

INLET DESIGN GRADE 

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 = 0.930' 
SPREAD-Ft.--T = 4.030 

Average Velocity-V-fps = 3.017 

FLOW in Gutter-CFS--Q = 0.909 
% Flow in Gutter-CFS = 97.755 

Velocity of Flow in Gutter-fps = 3.192 
Depth at Curb Line-Inches--d = 2.367 

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 = 0.930 
GUTTER FLOW at INLET-CFS--Q = 0.930 
Gutter Velocity at INLET-fps = 3.486 

Depth at INLET Curb Line-Inches--d = 2.773 

Frontal Flow Intercepted by GRATE--CFS = 0.926 
Lateral Flow Intercepted by GRATE--CFS = 0.003 
TOTAL Flow Intercepted by GRATE--CFS = 0.930 

% FLOW Intercepted = 99.955 
By-pass Flow--CFS = O.OOO/ 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- S,LJ,J~L TRACS NO. - 
HIGHWAY NAME- Fa&. pi'/!,,!/ ~14.6 DESIGNER - , I/&/ 
LOCATION - 4t34td-0 CHECKER - PAGE 
Ver 3.30: March 1994 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 1.274 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.029 

Shoulder Width-Ft.-- = 9.500 
Shoulder Slope-Ft./Ft.--Ss = 0.029 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- = 2.000 
Manning's 'N = 0.016 

Flow-CFS--Q = 1.570 
SPREAD-Ft.--T = 5.371 

Average Velocity-V-fps = 2.929 

FLOW in Gutter-CFS--Q = 1.390 
% Flow in Gutter-CFS = 88.553 

Velocity of Flow in Gutter-fps = 3.338 
Depth at Curb Line-Inches--d = 2.999 

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 = 3.999 
Local Gutter Depression-Inches = 1.000/ 

Length of opening: TOTAL Intercept--Ft. = 9.418 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH ~fficiency ~(s.D.1 Q(GRATE) Q(1NT.) Q(By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - -  - - - - - - - - - -  - - - - - - -  
10.000 0.893 1.402 0.168 1.570 0.000 100. oo* 
15.000 1.000 1.570 0.000 1.570 0.000 100.00 
20.000 1.000 1.570 0.000 1.570 0.000 100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

12-11-1995 
PROJECT NAME- 5F76 fL  TRACS NO. - 
HIGHWAY NAME- 6 8 ,  h V F / d i ( ~ &  DESIGNER - d ' k / V  
LOCAT I ON - f-06 CHECKER - PAGE 
Ver 3.30: March 1994 

------  -. 2. 

DESIGNER - -(A& d ' k / V  
CHECKER - PAGE - 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.659' 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.029, 

Shoulder Width-Ft.-- = 9.500 
Shoulder Slope-Ft./~t.--Ss = 0.029- 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--SW = 0.067 

Gutter Depression-Inches-- = 2.000' 
Manning's 'N = 0.016 

Flow-CFS--Q = 1.170 / 
SPREAD-Ft.--T = 5.473 

Average Velocity-V-fps = 2.120 

FLOW in Gutter-CFS--Q = 1.028 
% Flow in Gutter-CFS = 87.870 

Velocity of Flow in Gutter-fps = 2.425 
Depth at Curb Line-Inches--d = 3.035 

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 = 4.035 
Local Gutter Depression-Inches = 1.000 

Length of opening: TOTAL Intercept--Ft. = 6.843 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH ~fficiency Q(s.D.) Q(GRATE) Q (INT.) Q(By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - - 
10.000 0.999 1.169 0.001 1.170 0.000 1 0 0 . 0 ~  
15.000 1.000 1.170 0.000 1.170 0.000 100.00 
20.000 1.000 1.170 0.000 1.170 0.000 100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- , - V ~ . ~ T L  TRACS NO. - 
HIGHWAY NAME- [ , f i .  f l fA/ ,? l /d& DESIGNER - , - /,&/1 
LOCATION - +gb.-VT CHECKER - PAGE 
Ver 3.30: March 1994 

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 = 0.600 / 
SPREAD-Ft.--T = 4.622 

Average Velocity-V-fps = 1.404 

FLOW in Gutter-CFS--Q = 0.560 
% Flow in Gutter-CFS = 93.348 

Velocity of Flow in Gutter-fps = 1.546 
Depth at Curb Line-Inches--d = 2.738' 

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 = 0.599 
Gutter Velocity at INLET-fps = 1.659 

Depth at INLET Curb Line-Inches--d = 3.232 

Frontal Flow Intercepted by GRATE--CFS = 0.583 
Lateral Flow Intercepted by GRATE--CFS = 0.014 
TOTAL Flow Intercepted by GRATE--CFS = 0.597 

% FLOW Intercepted = 99.545 
By-pass Flow--CFS = 0.003 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

12-13-1995 
PROJECT NAME- S ~ A O %  L TRACS NO. - 
HIGHWAY NAME- 6, d.  b?A/pyi /rJd DESIGNER - d ~ . r ~  
LOCAT I ON - 487+70 CHECKER - PAGE 
Ver 3.30: March 1994 

GRATE INLET--IN SUMP 

GUTTER FLOW HYDRAULICS 

GUTTER DESCRIPTION 

Roadway Cross-Slope-Ft./Ft.--SX = 0.023 
Shoulder Width-Ft.-- = 9.500 

Shoulder Slope-Ft./Ft.--Ss = 0.023 
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 

Local Gutter Depression-Inches = 1.000 
Depth at INLET Curb Line-Inches--d = 3.125 GI< 

Depth at C.G. of Grate Flow--In. = 3.089 

Depth for WEIR FLOW, inches = 4.125 
Depth for ORIFICE FLOW, inches = 0.014 

Q(1NLET) = 1.060 cfs is Based on WEIR flow/ 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

Ver 3.30: March 1994 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.263 
Roadway Cross-Slope-Ft./~t.--Sx = 0.020 

Shoulder Width-Ft.-- = 9.500 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- - - 2.000 
Manning's 'N = 0.016 

Flow-CFS--Q = 0.710' 
SPREAD-Ft.--T = 6.450 

Average Velocity-V-fps = 1.264 

FLOW in Gutter-CFS--Q = 0.607 
% Flow in Gutter-CFS = 85.489 

Velocity of Flow in Gutter-fps = 1.496 
Depth at Curb Line-Inches--d = 2.948' 

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 = 0.710 
GUTTER FLOW at INLET-CFS--Q = 0.688 
Gutter Velocity at INLET-fps = 1.619 

Depth at INLET Curb Line-Inches--d = 3.539 

Frontal Flow Intercepted by GRATE--CFS = 0.658 
Lateral Flow Intercepted by GRATE--CFS = 0.040 
TOTAL Flow Intercepted by GRATE--CFS = 0.699 

% FLOW Intercepted = 98.399 
By-pass Flow--CFS = 0.011 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- 51 Z Z L  TRACS NO. - 
HIGHWAY NAME- F.6, /t?A//yf / ~ f  DESIGNER - d(<M 
LOCATION - CHECKER - PAGE 
Ver 3.30: March 1994 

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 = 0 . 8 0 0 ~  
SPREAD-Ft.--T = 5.205 

Average Velocity-V-fps = 1.920 

FLOW in Gutter-CFS--Q = 0.741 
% Flow in Gutter-CFS = 92.596 

Velocity of Flow in Gutter-fps = 2.156 
Depth at Curb Line-Inches--d = 2.649' 

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 = 0.799 
Gutter Velocity at INLET-fps = 2.331 

Depth at INLET Curb Line-Inches--d = 3.146 

Frontal Flow Intercepted by GRATE--CFS = 0.782 
Lateral Flow Intercepted by GRATE--CFS = 0.013 
TOTAL Flow Intercepted by GRATE--CFS = 0.796 

% FLOW Intercepted = 99.477 
By-pass Flow--CFS = 0.004 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- cf( 2CZC TRACS NO. - 
HIGHWAY NAME- 66', / i l& /dL / f l f i  DESIGNER - /R/ vf 
LOCATION - qf 9 5  CHECKER - PAGE 
Ver 3.30: March 1994 

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 = 1.490' 
SPREAD-Ft.--T = 6.593 

Average Velocity-V-fps = 2.567 

FLOW in Gutter-CFS--Q = 1.261 
% Flow in Gutter-CFS = 84.627 

Velocity of Flow in Gutter-fps = 3.053 
Depth at Curb Line-Inches--d = 2.982' 

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 = 1.490 
GUTTER FLOW at INLET-CFS--Q = 1.434 
Gutter Velocity at INLET-fps = 3.305 

Depth at INLET Curb Line-Inches--d = 3.582 

Frontal Flow Intercepted by GRATE--CFS = 1.370 
Lateral Flow Intercepted by GRATE--CFS = 0.057 
TOTAL Flow Intercepted by GRATE--CFS = 1.427 

% FLOW Intercepted = 95.766 
By-pass Flow--CFS = 0.063 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- . yIC&Z L TRACS NO. - 
HIGHWAY NAME- 6,6, fik//I&//& DESIGNER - drt>u 
LOCATION - 49 1 t-65 CHECKER - PAGE 
Ver 3.30: March 1994 

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 = 8.3801 
SPREAD-Ft. --T = 13.257 

Average Velocity-V-fps = 4.403 

FLOW in Gutter-CFS--Q = 4.361 
% Flow in Gutter-CFS = 52.041 

Velocity of Flow in Gutter-fps = 5.844 
Depth at Curb Line-Inches--d = 4.582 

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 = 4.582 
Local Gutter Depression-Inches = 0.000 

Length of opening: TOTAL Intercept--Ft. = 34.672 
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 

07-25-1995 
PROJECT NAME- 5 k a ~ L -  TRACS NO. - 
HIGHWAY NAME- L,b, Md/uU&L DESIGNER - d/i?q 
LOCATION - TOO# 6 9 . 4 3  CHECKER - PAGE 
Ver 3.30: March 1994 

/ n / / h d t l  U P /  
\ 

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 = 0.760 - 
SPREAD-Ft.--T = 3.377 

Average Velocity-V-fps = 2.840 

FLOW in Gutter-CFS--Q = 0.755 
% Flow in Gutter-CFS = 99.282 

Velocity of Flow in Gutter-fps = 2.916 
Depth at Curb Line-Inches--d = 2.242 

GRATE TYPE: ADOT STD.--L 2.2 0 

Grate Length--Ft. = 3.250 
Grate Width---Ft. = 1.500 

Grate Area--Sq. Ft. = 3.600 
Capture Ratio - -  GRATE = 0.500 

Effective Perimeter--Ft. = 6.250 
Splash-Over Velocity--FPS = 7.250 

Local Gutter Depression-Inches = 0.000 

Flow-CFS--Q = 0.760 
GUTTER FLOW at INLET-CFS--Q = 0.755 
Gutter Velocity at INLET-fps = 2.916 

Depth at INLET Curb Line-Inches--d = 2.242 

Frontal Flow Intercepted by GRATE--CFS = 0.658 
Lateral Flow Intercepted by GRATE--CFS = 0.036 
TOTAL Flow Intercepted by GRATE--CFS = 0.694 

% FLOW Intercepted = 91.353 
By-pass Flow--CFS = 0.066' 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- 5 4 2 ~ 2 ~  
HIGHWAY NAME- f.c./bofi/~~/Ne 
LOCATION - s o / f s r  
Ver 3.30: March 1994 / 7/d?BtR T d ~ !  

TRACS NO 
DESIGNER 
CHECKER 

uRrcl 
PAGE 

L 
SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 1.380 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.023 

Shoulder Width-Ft.-- = 9.500 
Shoulder Slope-Ft./Ft.--Ss = 0.023 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- - - 2.000 
Manning's 'N = 0.016 

Flow-CFS--Q = 4.660 
SPREAD-Ft.--T = 10.127 

Average Velocity-V-fps = 3.542 

FLOW in Gutter-CFS--Q = 2.936 
% Flow in Gutter-CFS = 63.004 

Velocity of Flow in Gutter-fps = 4.539 
Depth at Curb Line-Inches--d = 4.105 

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 = 4.105 
Local Gutter Depression-Inches = 0.000 

Length of opening: TOTAL Intercept--Ft. = 22.717 
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. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - -  - - - - - - - - - -  - - - - - - -  
10.000 0.467 2.176 1.851 4.027 0.633 86.41 
15.000 0.651 3.032 1.376 4.407 0.253 94.58 
20.000 0.799 3.723 0.891 4.614 0.046 99.01 
25.000 0.910 4.240 0.420 4.660 0.000 100. o e  



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

05-15-1995 
PROJECT NAME- 26 Z- L TRACS NO. - 
HIGHWAY NAME- d, 6 • fi7.4' 1tj.L / /JK DESIGNER - dk,j/ 
LOCAT I ON - S T + '  (Q CHECKER - PAGE 
Ver 3.30: March 1994 

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 = 4.750 
SPREAD-Ft.--T = 17.344 

Average Velocity-V-fps = 1.506 

FLOW in Gutter-CFS--Q = 1.930 
% Flow in Gutter-CFS = 40.632 

Velocity of Flow in Gutter-fps = 2.031 
Depth at Curb Line-Inches--d = 5.563 

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 = 5.563 
Local Gutter Depression-Inches = 0.000 

Length of opening: TOTAL Intercept--Ft. = 14.247 
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 0.383 1.818 1.762 3.580 1.170 75.38 

10.000 0.681 3.237 1.121 4 -358 0.392 91.75 
15.000 0.889 4.224 0.494 4.718 0.032 99.3- 
20.000 0.994 4.721 0.029 4.750 0.000 100.00 
25.000 1.000 4.750 0.000 4.750 0.000 100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- S(a;."L TRACS NO. - 
HIGHWAY NAME- u,&. f f lk / t /~/ /vf  DESIGNER - 
LOCATION - 356 + CHECKER - PAGE 
Ver 3.30: March 1994 

GRATE INLET--IN SUMP 

GUTTER FLOW HYDRAULICS 

GUTTER DESCRIPTION 

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-- 

GRATE TYPE: ADOT STD.--C15.92 
Grate Length--Ft. 
Grate Width---Ft. 

Grate Area--Sq. Ft. 
Effective Perimeter--Ft. 

Capture ~atio - -  GRATE 

Local Gutter Depression-Inches 
Depth at INLET Curb Line-Inches--d 

Depth at C.G. of Grate Flow--In.. 

Depth for WEIR FLOW, inches 
Depth for ORIFICE FLOW, inches 

Q(INLET) = 1.520 cfs is Based on WEIR flow 1 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- jrf' ;707L TRACS NO. - 
HIGHWAY NAME- h,,fj7. /ji.J/;*,L/,& DESIGNER - \ //tM 
LOCATION - ,779 t.Zl? CHECKER - 2 PAGE 
Ver 3.30: March 1994 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.225 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 9.500 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- = 2.000 
Manning's 'N = 0.016 

Flow-CFS--Q = 2.550 
SPREAD-Ft.--T = 12.586 

Average Velocity-V-fps = 1.474 

FLOW in Gutter-CFS--Q = 1.388 
% Flow in Gutter-CFS = 54.442 

Velocity of Flow in Gutter-fps = 1.948 
Depth at Curb Line-Inches--d = 4.421 

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 = 4.421 
Local Gutter Depression-Inches = 0.000 

Length of opening: TOTAL Intercept--Ft. = 10.909 
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 0.483 1.232 1.023 2.255 0.295 88.43 
10.000 0.820 2.091 0.443 2.533 0.017 99.35 
15.000 0.990 2.524 0.026 2.550 0.000 l O O . 0 0 ~  
20.000 1.000 2.550 0.000 2.550 0.000 100.00 
25.000 1.000 2.550 0.000 2.550 0.000 100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- <1,& 2021, 
2IGHWAY NAME- bJF p l A / t j ~ / / / C :  
LOCATION - ?&s+rr  
Ver 3.30: March 1994 

TRACS NO 
DESIGNER 
CHECKER 
- - 

PAGE 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.750 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.053 

- Shoulder Width-Ft.-- - 9.500 
Shoulder Slope-Ft./Ft.--Ss = 0.053 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- - - 2.000 
Manning's 'N = 0.016 

Flow-CFS--Q = 7.960 
SPREAD-Ft.--T = 8.864 

Average Velocity-V-fps = 3.746 

FLOW in Gutter-CFS--Q = 4.807 
% Flow in Gutter-CFS = 60.389 

Velocity of Flow in Gutter-fps = 4.571 
Depth at Curb Line-Inches--d = 6.048 

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 = 6.048 
Local Gutter Depression-Inches = 0.000 

Length of opening: TOTAL Intercept--Ft. = 21.101 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q ( s . D . )  Q(GRATE) Q(INT.) Q(B~-pass) %CAPT. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- , ( A ~ G ~ L  C TRACS NO. - 
.-I I GHWAY NAME - DESIGNER - e q  

LOCATION - 175 f YO CHECKER - PAGE 
Ver 3.30: March 1994 

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 = 2.930 
SPREAD-Ft.--T = 10.871 

Average Velocity-V-fps = 2.207 

FLOW in Gutter-CFS--Q = 1.800 
% Flow in Gutter-CFS = 61.445 

Velocity of Flow in Gutter-fps = 2.872 
Depth at Curb Line-Inches--d = 4.009 

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 = 4.009 
Local Gutter Depression-Inches = 0.000 

Length of opening: TOTAL Intercept--Ft. = 14.698 
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. 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

08-16-1995 
PROJECT NAME- (4 Z G ~ L  TRACS NO. - 
JIGHWAY NAME - I<', d. ;.-!'/,i~ t/,k DESIGNER - J&yj 

LOCATION - 3 77flo CHECKER - PAGE 
Ver 3.30: March 1994 

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 = 1.010' 
SPREAD-Ft.--T = 5.675 

Average Velocity-V-fps = 2.158 

FLOW in Gutter-CFS--Q = 0.909 
% Flow in Gutter-CFS = 90.026 

Velocity of Flow in Gutter-fps = 2.477 
Depth at Curb Line-Inches--d = 2.762 

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 = 1.010 
GUTTER FLOW at INLET-CFS--Q = 1.002 
Gutter Velocity at INLET-fps = 2.678 

Depth at INLET Curb Line-Inches--d = 3.297 

Frontal Flow Intercepted by GRATE--CFS = 0.973 
Lateral Flow Intercepted by GRATE--CFS = 0.025 
TOTAL Flow Intercepted by GRATE--CFS = 0.998 

% FLOW Intercepted = 98.799 
By-pass Flow--CFS = 0.012- 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- JRZC Z i  TRACS NO. - 
HIGHWAY NAME- d- d, f l ~ i / A L  /A45 DESIGNER - \ / f / q  
LOCATION - ?zLA d 7 .7 CHECKER - PAGE 
Ver 3.30: March 1994 

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 = 1.470' 
SPREAD-Ft.--T = 10.133' 

Average Velocity-V-fps = 1.254 

FLOW in Gutter-CFS--Q = 0.954 
% Flow in Gutter-CFS = 64.891 

Velocity of Flow in Gutter-fps = 1.617 
Depth at Curb Line-Inches--d = 3.832 

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 = 3.832 
Local Gutter Depression-Inches = 0.000 

Length of opening: TOTAL Intercept--Ft. = 7.818 
Capture Ratio - -  SLOTTED DRAIN = 0.670. 

Capture Ratio - -  GRATE = 0.500; 

LENGTH 
- - - - - -  

Efficiency Q(S.D.1 Q(GRATE1 Q(1NT.) Q(By-Pass) % CAPT. 
- - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - - - - - - - - - - - -  - - - - - - -  

5.000 0.635 0.933 0.505 1.438 0.032 97.83- 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- ~ ~ P c Z L  TRACS NO. - 
HIGHWAY NAME- u. 8. f w / , ~ ~  I,& DESIGNER - & I J f  
LOCATION - 3f 6 f G Z )  CHECKER - PAGE 
Ver 3.30: March 1994 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.576 
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./~t.--Sw = 0.067 

Gutter Depression-Inches-- = 2.000 
Manning's IN = 0.016 

Flow-CFS--Q = 6.370/ 
SPXEAD-Ft.--T = 15.203- 

Average Velocity-V-fps = 2.593 

FLOW in Gutter-CFS--Q = 2.930 
% Flow in Gutter-CFS = 45.993 

Velocity of Flow in Gutter-fps = 3.473 
Depth at Curb Line-Inches--d = 5.049 ' 

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 = 5.049 
Local Gutter Depression-Inches = 0.000 

Length of opening: TOTAL Intercept--Ft. = 22.441 
Capture Ratio - -  SLOTTED DRAIN = 0.670 / 

Capture Ratio - -  GRATE = 0.500, 

LENGTH Efficiency Q(S.D.) Q (GRATE) Q(1NT.) Q (By-Pass) % CAPT. 
- - - - - - - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - -  - - - - - - - - - -  - - - - - - -  
15.000 0.657 4.183 1.525 5.708 0.662 89.61 
20.000 0.805 5.130 1.033 6.163 0.207 9 6 . 7 e  
25.000 0.915 5.831 0.527 6.358 0.012 99.81 
30.000 0.983 6.261 0.109 6.370 0.000 100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- Sk'z~zL TRACS NO. - 
HIGHWAY NAME- h/r&'. / 4 4 / ~ L ! A ! 5  DESIGNER - JALM 
LOCATION - 396 t30 CHECKER - PAGE 
Ver 3.30: March 1994 

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 = 3.200/' 
SPREAD-Ft.--T = 9.129. 

Average Velocity-V-fps = 3.268 

FLOW in Gutter-CFS--Q = 2.239 
% Flow in Gutter-CFS = 69.980 

Velocity of Flow in Gutter-fps = 4.149 
Depth at Curb Line-Inches--d = 3.591 

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 = 3.591 
Local Gutter Depression-Inches = 0.000 / 

Length of opening: TOTAL Intercept--Ft. = 19.179 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D.) Q(GRATE) Q(1NT.) Q(By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - -  - - - - - - - - - -  - - - - - - - 
10.000 0.539 1.724 1.272 2.996 0.204 93.62 
15.000 0.737 2.359 0.812 3.171 0.029 99. lo* 
20.000 0.885 2.831 0.369 3.200 0.000 100.00 
25.000 0.976 3.122 0.078 3 -200 0.000 100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- yc ZGZL TRACS NO. - 
HIGHWAY NAME- &, 6. fl;.-~',i,, ,a: c DESIGNER - \ /k 4.h 
LOCATION - & ~ f f O  CHECKER - PAGE 
Ver 3.30: March 1994 

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 = 6. OOO/ 
SPREAD-Ft.--T = 12.547 

Average Velocity-V-fps = 3.488 

FLOW in Gutter-CFS--Q = 3.275 
% Flow in Gutter-CFS = 54.586 

Velocity of Flow in Gutter-fps = 4.608 
Depth at Curb Line-Inches--d = 4.411 

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 = 4.411 
Local Gutter Depression-Inches = 0.000 

Length of opening: TOTAL Intercept--Ft. = 26.200 
Capture Ratio - -  SLOTTED DRAIN = 0.670 , 

Capture Ratio - -  GRATE = 0.500,- 

LENGTH Efficiency Q(S.D.) Q(GRATE) Q(1NT.) Q(By-Pass) % CAPT. 
- - - - - - - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - -  - - - - - - - - - -  - - - - - - -  
10.000 0.412 2.474 2.248 4.722 1.278 78.69 
15.000 0.581 3.489 1.808 5.297 0.703 88.28 
20.000 0.725 4.347 1.361 5.709 0.291 95.14 
25.000 0.840 5.043 0.899 5.942 0.058 99.04 
30.000 0.927 5.565 0.435 5.999 0.001 99.9- 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- ‘9 2'52 L TRACS NO. - 
HIGHWAY NAME- i-i,e. f i a /  //,+.;i~ DESIGNER - \ /k fi l7 

LOCAT I ON - 9 7 f  70 CHECKER - PAGE 
Ver 3.30: March 1994 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 1.070' 
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 . 5 0 0  
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- = 2.000' 
Manning's 'N = 0.016 

Flow-CFS--Q = 4.720- 
SPREAD-Ft.--T = 11.713- 

Average Velocity-V-fps = 3.110 

FLOW in Gutter-CFS--Q = 2.730 
% Flow in Gutter-CFS = 57.847 

Velocity of Flow in Gutter-fps = 4.081 
Depth at Curb Line-Inches--d = 4.211 

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 = 4.211 
Local Gutter Depression-Inches = 0.000 

Length of opening: TOTAL Intercept--Ft. = 22.096 
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- Sf,"ti;'L. TRACS NO. - 
HIGHWAY NAME - M. &. L*:/ (,*jk DESIGNER - 
LOCATION - 4/;? 442 CHECKER - PAGE 
Ver 3.30: March 1994 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 1.070 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 9.500 
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- - - 2.000 
Manning's 'N = 0.016 

Flow-CFS--Q = 5.320' 
SPREAD-Ft.--T = 12.346 

Average Velocity-V-fps = 3.186 

FLOW in Gutter-CFS--Q = 2.944 
% Flow in Gutter-CFS = 55.346 

Velocity of Flow in Gutter-fps = 4.203 
Depth at Curb Line-Inches--d = 4.363 

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 = 4.363 
Local Gutter Depression-Inches = 0.000 - 

Length of opening: TOTAL Intercept--Ft. = 23.588 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D.) Q(GRATE) Q(1NT.) Q(By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - -  - - - - - - - - - -  - - - - - - -  
10.000 0.452 2.405 1.953 4.358 0.962 81.91 
15.000 0.632 3.362 1.504 4.866 0.454 91.46 
20.000 0.779 4.146 1.044 5.190 0.130 97.55 
25.000 0.892 4.747 0.566 5.314 0.006 99.88- 
30.000 0.968 5.150 0.170 5.320 0.000 100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

06-23-1995 
PROJECT NAME- s f ~ 2 . L  TRACS NO. - 
HIGHWAY NAME- LAJ. 8. &kid LI// DESIGNER - 
LOCATION - 5 r A  +.3.3+46 CHECKER - PAGE 
Ver 3.30: March 1994 

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 = 8.860 - 
SPREAD-Ft.--T = 13.638 

Average Velocity-V-fps = 4.417 

FLOW in Gutter-CFS--Q = 4.497 
% Flow in Gutter-CFS = 50.752 

Velocity of Flow in Gutter-fps = 5.876 
Depth at Curb Line-Inches--d = 4.673 

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 = 4.673 
Local Gutter Depression-Inches = O.OOO/ 

Length of opening: TOTAL Intercept--Ft. = 35.556 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q (S.D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 
- - - - - - - - - - - - - - - -  - - - - - - - - - - - - - - -  - - - - - - -  - - - - - - - - - -  - - - - - - -  
20.000 0.573 5.078 2.473 7.552 1.308 85.23 
25.000 0.682 6.045 2.046 8.091 0.769 91.32 
30.000 0.777 6.882 1.612 8.494 0.366 95.87 
35.000 0.856 7.586 1.165 8.751 0.109 98.7- 
40.000 0.920 8.149 0.703 8.852 0.008 99.91 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

06-28-1995 
PROJECT NAME- , < ~ z o  2 L TRACS NO. - 
HIGHWAY NAME- I d L  I& DESIGNER - L 
LOCATION CHECKER - PAGE 
Ver 3.30: March 1994 

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 = 0.890 
SPREAD-Ft.--T = 3.789 

Average Velocity-V-fps = 3.075 

FLOW in Gutter-CFS--Q = 0.877 
% Flow in Gutter-CFS = 98.504 

Velocity of Flow in Gutter-fps = 3.214 
Depth at Curb Line-Inches--d = 2.309 

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 = 0.000 ' 
Flow-CFS--Q = 0.890 

GUTTER FLOW at INLET-CFS--Q = 0.877 
Gutter Velocity at INLET-fps = 3.214 

Depth at INLET Curb Line-Inches--d = 2.309 

Frontal Flow Intercepted by GRATE--CFS = 0.843 
Lateral Flow Intercepted by GRATE--CFS = 0.021 
TOTAL Flow Intercepted by GRATE--CFS = 0.864 

% FLOW Intercepted = 97.052 
By-pass Flow--CFS = 0.026/ 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME - JK 20ZL TRACS NO. - 
HIGHWAY NAME- 9, 6:. /; 1,- ./, :/i/ DESIGNER - \ /EM 
LOCATION - 44/+19 T CHECKER - PAGE 
Ver 3.30: March 1994 

SLOTTED DRAIN W/ GRATE--IN SUMP 

GUTTER FLOW HYDRAULICS 

GUTTER DESCRIPTION 

Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 
Shoulder Width-Ft.-- = 9.500 

Shoulder Slope-Ft./Ft.--Ss = 0.020 
Gutter Width-Ft.--W = 2.500 

Gutter Slope-Ft./Ft.--Sw = 0.067 
Gutter Depression-Inches-- - - 2.000 

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 . 
- - - - - -  - - - - - - - - - -  - - - - - - - -  - - - -  - - - - -  - - - - - - - - - -  
10.000 3.642 4.018 7.262 24.441 
15.000 4.915 2.744 5.880 18.680 
20.000 5.798 1.861 4.789 14.127~- 
25.000 6.157 1.503 4.295 12.071 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

01-20-1996 
PROJECT NAME- 5 z ' Z ~ z  TRACS NO. - 
HIGHWAY NAME- &. 8' /?'//,vL ,; < k DESIGNER - dkyl 
LOCATION - 4%' fLT CHECKER - PAGE 
Ver 3.30: March 1994 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.199 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.015 

Shoulder Width-Ft.-- = 9.500 
Shoulder Slope-Ft./Ft.--Ss = 0.015 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- - - 2.000 
Manning's 'N = 0.016 

Flow-CFS--Q = 1.300 
SPREAD-Ft.--T = 11.139 

Average Velocity-V-fps = 1.167 

FLOW in Gutter-CFS--Q = 0.833 
% Flow in Gutter-CFS = 64.109 

Velocity of Flow in Gutter-fps = 1.542 
Depth at Curb Line-Inches--d = 3.594 

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 = 1.300 
GUTTER FLOW at INLET-CFS--Q = 0.833 
Gutter Velocity at INLET-fps = 1.542 

Depth at INLET Curb Line-Inches--d = 3.594 

Frontal Flow Intercepted by GRATE--CFS = 0.745 
Lateral Flow Intercepted by GRATE--CFS = 0.225 
TOTAL Flow Intercepted by GRATE--CFS = 0.970 

% FLOW Intercepted = 74.614 
By-pass Flow--CFS = 0.330 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- S R U Z L  TRACS NO. - 
HIGHWAY NAME- HI d . /)/2 /,!,i , / , 2 ~  DESIGNER - , / s  ( l :  
LOCATION - r;r 3 .. ~ Y I  CHECKER - PAGE 
Ver 3.30: March 1994 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.694 
Roadway Cross-Slope-Ft./Ft.--SX = 0.006 

Shoulder Width-Ft.-- = 5.500 
Shoulder Slope-Ft./Ft.--Ss = 0.006 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- = 2.000 
Manning's 'N = 0.016 

Flow-CFS--Q = 0.600/ 
SPREAD-Ft.--T = 7.211 

Average Velocity-V-fps = 1.714 

FLOW in Gutter-CFS--Q = 0.562 
% Flow in Gutter-CFS = 93.724 

Velocity of Flow in Gutter-fps = 1.999 
Depth at Curb Line-Inches--d = 2.351 

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 = 0.000 

Flow-CFS--Q = 0.600 
GUTTER FLOW at INLET-CFS--Q = 0.562 
Gutter Velocity at INLET-fps = 1.999 

Depth at INLET Curb Line-Inches--d = 2.351 

Frontal Flow Intercepted by GRATE--CFS = 0.539 
Lateral Flow Intercepted by GRATE--CFS = 0.035 
TOTAL Flow Intercepted by GRATE--CFS = 0.574 

% FLOW Intercepted = 95.646 
By-pass Flow--CFS = 0.026 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- ~ / ? D Z L  TRACS NO. - 
HIGHWAY NAME- /+*. c' . 1;. ;F: ,V~, .  /& DESIGNER - \ / / A M  
LOCATION - ,7 t 70 CHECKER - PAGE & 

Ver 3.30: March 1994 

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 = 0.610 
SPREAD-Ft.--T = 3.801 

Average Velocity-V-fps = 2.182 

FLOW in Gutter-CFS--Q = 0.602 
% Flow in Gutter-CFS = 98.738 

Velocity of Flow in Gutter-fps = 2.274 
Depth at Curb Line-Inches--d = 2.271 

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 = 0.610 
GUTTER FLOW at INLET-CFS--Q = 0.610 
Gutter Velocity at INLET-fps = 2.496 

Depth at INLET Curb Line-Inches--d = 2.654 

Frontal Flow Intercepted by GRATE--CFS = 0.609 
Lateral Flow Intercepted by GRATE--CFS = 0.001 
TOTAL Flow Intercepted by GRATE--CFS = 0.610 

% FLOW Intercepted = 99.999 
By-pass Flow--CFS = 0.000 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

H .  

PROJECT NAME- J/- L'G- 2 & TRACS NO. - 
HIGHWAY NAME- M 6. A,/#/NL IN 6 DESIGNER - dklki 
LOCATION - '$44 - Jy CHECKER - PAGE 
Ver 3.30: March 1994 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 1.188 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.028 

- Shoulder Width-Ft.-- - 5.500 
Shoulder Slope-Ft./Ft.--Ss = 0.028 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- = 2.000 
Manning's 'N = 0.016 

Flow-CFS--Q = 4.200' 
SPREAD-Ft.--T = 8.960 

Average Velocity-V-fps = 3.396 

FLOW in Gutter-CFS--Q = 2.793 
% Flow in Gutter-CFS = 66.507 

Velocity of Flow in Gutter-fps = 4.252 
Depth at Curb Line-Inches--d = 4.154 

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 = 5.154 
Local Gutter Depression-Inches = 1.000- 

Length of opening: TOTAL Intercept--Ft. = 15.442 
Capture Ratio - -  SLOTTED DRAIN = 0.670' 

Capture Ratio - -  GRATE = 0.500- 

LENGTH ~fficiency ~(s.D.1 Q(GRATE) Q(1NT.) Q(By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - -  - - - - - - - - - -  - - - - - - -  
10.000 0.641 2.692 1.457 4.148 0.052 9 8 . 7 7 e  
15.000 0.850 3.568 0.632 4.200 0.000 100.00 
20.000 0.974 4.090 0.110 4.200 0.000 100.00 
25.000 1.000 4.200 0.000 4.200 0.000 100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- </ ~ c s ~  TRACS NO. - 
HIGHWAY NAME- ld. 8. f l / t / n / ~  //d DESIGNER - d k'fl 
LOCATION - 4+?t~y CHECKER - PAGE 
Ver 3.30:  arch 1994 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 1.792 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.048 

Shoulder Width-Ft.-- = 5.500 
Shoulder Slope-Ft./Ft.--Ss = 0.048 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- = 2.000 
Manning's 'N = 0.016 

Flow-CFS--Q = 7.490 / 
SPREAD-Ft.--T = 7.710 

Average Velocity-V-fps = 5.043 

FLOW in Gutter-CFS--Q = 5.066 
% Flow in Gutter-CFS = 67.641 

Velocity of Flow in Gutter-fps = 6.078 
Depth at Curb Line-Inches--d = 5.001 

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 = 6.001 
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.1 Q(GRATE) Q(1NT.) Q(By-Pass) % CAPT. 
- - - - - - - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - -  - - - - - - - - - -  - - - - - - -  
10.000 0.487 3.645 3.250 6.895 0.595 92.06 
15.000 0.675 5.055 2.262 7.317 0.173 97.69 
20.000 0.824 6.172 1.305 7.477 0.013 99.8= 
25.000 0.931 6.975 0.515 7.490 0.000 100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- SR ZCZL TRACS NO. - 
HIGHWAY NAME- by . &, /.fb;,vh .*&& DESIGNER - [/&m 
LOCATION - 45-8 +m CHECKER - PAGE 
Ver 3.30: March 1994 

SLOTTED DRAIN GRATE - -ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 1.792 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.048 

Shoulder Width-Ft.-- = 5.500 
Shoulder Slope-Ft./Ft.--Ss = 0.048 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- - - 2.000 
Manning's 'N = 0.016 

Flow-CFS--Q = 7.880 / 
SPREAD-Ft.--T = 7.868 

Average Velocity-V-fps = 5.104 

FLOW in Gutter-CFS--Q = 5.256 
% Flow in Gutter-CFS = 66.704 

Velocity of Flow in Gutter-fps = 6.166 
Depth at Curb Line-Inches--d = 5.092 

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 = 6.092 
Local Gutter Depression-Inches = 1.000 

Length of opening: TOTAL Intercept--Ft. = 22.194 
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. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - -  - - - -  - - - - - - -  - - - - - - - - - -  - - - - - - -  
10.000 0.476 3.753 3 -428 7.182 0.698 91.14 
15.000 0.662 5.218 2.434 7.653 0.227 97.12 
20.000 0.811 6.391 1.464 7.855 0.025 99.6- 
25.000 0.920 7.252 0.628 7.880 0.000 100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME - ,(peoz.& TRACS NO. - 
HIGHWAY NAME- u,&, fi;&,h2//6 DESIGNER - - /R& 
LOCATION - 4b6 f- 5 CHECKER - PAGE 
Ver 3.30: March 1994 

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 = 1.990 J 

SPREAD-Ft.--T = 15.013 
Average Velocity-V-fps = 1.680 

FLOW in Gutter-CFS--Q = 1.160' 
% Flow in Gutter-CFS = 58.285 

Velocity of Flow in Gutter-fps = 2.382 
Depth at Curb Line-Inches--d = 3.338 

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 = 3.338 
Local Gutter Depression-Inches = 0.000 

Length of opening: TOTAL Intercept--Ft. = 13.282 
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. 
------  - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - -  - - - - - - - - - -  - - - - - - -  
10.000 0.717 1.428 0.539 1.967 0.023 98.83 
15.000 0.921 1.834 0.156 1.990 0.000 l00.0& 
20.000 1.000 1.990 0.000 1.990 0.000 100.00 
25.000 1.000 1.990 0.000 1.990 0.000 100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- S f f $ z ~  
HIGHWAY NAME- W e d ,  ,++,..,,L :,*,,A 
LOCATION - 4 7 /  &LO 
Ver 3.30: March 1994 

TRACS NO 
DESIGNER 
CHECKER 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 = 2.150' 
SPREAD-Ft.--T = 5.717 

Average Velocity-V-fps = 2.235 

FLOW in Gutter-CFS--Q = 1.715 
% Flow in Gutter-CFS = 79.762 

Velocity of Flow in Gutter-fps = 2.572 
Depth at Curb Line-Inches--d = 4.201 

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 = 4.201 
Local Gutter Depression-Inches = 0.000 

Length of opening: TOTAL Intercept--Ft. = 9.948 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency ~(s.D.1 Q(GRATE) Q(INT.) Q(BY-pass) % CAPT. 
- - - - - - - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - -  - - - - - - - - - -  - - - - - - -  
10.000 0.867 1.863 0.286 2.149 0.001 99.9- 
15.000 1.000 2.150 0.000 2.150 0.000 100.00 
20.000 1.000 2.150 0.000 2.150 0.000 100.00 
25.000 1.000 2.150 0.000 2.150 0.000 100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

HIGHWAY NAME- 
LOCATION - 
Ver 3.30: March 1994 

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 = 7.270' 
SPREAD-Ft.--T = 11.969 

Average Velocity-V-fps = 4.606 

FLOW in Gutter-CFS--Q = 4.130 
% Flow in Gutter-CFS = 56.808 

Velocity of Flow in Gutter-fps = 6.057 
Depth at Curb Line-Inches--d = 4.273 

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 = 4.273 
Local Gutter Depression-Inches = 0.000 

Length of opening: TOTAL Intercept--Ft. = 33.539 
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. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - -  - - - - - - - - - -  - - - - - - -  
20.000 0.601 4.367 2.146 6.513 0.757 89.59 
25.000 0.712 5.178 1.717 6.895 0.375 94.85 
30.000 0.807 5.868 1.278 7.146 0.124 98.30 

? 35.000 0.885 6.433 0.823 7.257 0.013 99.81- 
40.000 0.944 6.865 0.405 7.270 0.000 100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- W.2 0 ZL TRACS NO. - 
HIGHWAY NAME- kt&'. M ~ / , W L / ~ E  DESIGNER - v/k~&? 
LOCATION - 4gz+3y, ST CHECKER - PAGE 
Ver 3.30: March 1994 

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 = 0.750 ' 
SPREAD-Ft.--T = 2.889 

Average Velocity-V-fps = 3.270 

FLOW in Gutter-CFS--Q = 0.750 
% Flow in Gutter-CFS = 99.973 

Velocity of Flow in Gutter-fps = 3.291 
Depth at Curb Line-Inches--d = 2.094 

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 A 

Flow-CFS--Q = 0.750 
GUTTER FLOW at INLET-CFS--Q = 0.750 
Gutter Velocity at INLET-fps = 3.637 

Depth at INLET Curb Line-Inches--d = 2.438 

Frontal Flow Intercepted by GRATE--CFS = 0.750 
Lateral Flow Intercepted by GRATE--CFS = 0.000 
TOTAL Flow Intercepted by GRATE--CFS = 0.750 

% FLOW Intercepted = 100.000 
By-pass Flow--CFS = 0.000 J 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- SRUI-L- TRACS NO. - 
HIGHWAY NAME- f l A / d ~  DESIGNER - u'& ff 
LOCATION - 486 f 55- CHECKER - PAGE 
Ver 3.30: March 1994 

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 = 4.350/ 
SPREAD-Ft.--T = 13.862 

Average Velocity-V-fps = 2.104 

FLOW in Gutter-CFS--Q = 2.176 
% Flow in Gutter-CFS = 50.019 

Velocity of Flow in Gutter-fps = 2.802 
Depth at Curb Line-Inches--d = 4.727 

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 = 4.727 
Local Gutter Depression-Inches = 0.000 

Length of opening: TOTAL Intercept--Ft. = 16.898/ 
Capture Ratio - -  SLOTTED DRAIN = 0.670/ 

Capture Ratio - -  GRATE = 0.5001 

LENGTH Efficiency Q(S.D.) Q(GRATE) Q(1NT.) Q(By-Pass) % CAPT. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - -  
10.000 0.597 2.597 1.285 3.883 0.467 89.25 
15.000 0.803 3.494 0.765 4.259 0.091 97.96- 
20.000 0.941 4.095 0.255 4.350 0.000 100.00 

j 25.000 1.000 4.349 0.001 4.350 0.000 100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

12-12-1995 
PROJECT NAME- ~ ( Z ~ Z L  TRACS NO. - 
HIGHWAY NAME- IJ. LC /M#M /A45 DESIGNER - & 
LOCATION - 7 k5O CHECKER - PAGE 
Ver 3.30: March 1994 

GRATE INLET--IN SUMP 

GUTTER FLOW HYDRAULICS 

GUTTER DESCRIPTION 

Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 
Shoulder Width-Ft.-- = 9.500 

Shoulder Slope-Ft./Ft.--Ss = 0.020 
Gutter Width-Ft.--W = 2.500 

Gutter Slope-Ft./Ft.--Sw = 0.067 
Gutter Depression-Inches-- = 2.000 

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 

Local Gutter Depression-Inches = 0.000 
Depth at INLET Curb Line-Inches--d = 4.347 

Depth at C.G. of Grate Flow--In. = 3.607 

Depth for WEIR FLOW, inches = 4.347 
Depth for ORIFICE FLOW, inches = 0.025 

Q(1NLET) = 1.540 cfs is Based on WEIR flow 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- f f 2 [ 2 ~  TRACS NO. - 
HIGHWAY NAME- W.b  . fdk//ILj,*jk DESIGNER - Jk pi< 
LOCATION - ?8& + $0 CHECKER - PAGE 
Ver 3.30: March 1994 

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 = 0.810 J 

SPREAD-Ft.--T = 6.404 
Average Velocity-V-fps = 1.457 

FLOW in Gutter-CFS--Q = 0.695 
% Flow in Gutter-CFS = 85.763 

Velocity of Flow in Gutter-fps = 1.721 
Depth at Curb Line-Inches--d = 2.937 

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 = 0.810 
GUTTER FLOW at INLET-CFS--Q = 0.695 
Gutter Velocity at INLET-fps = 1.721 

Depth at INLET Curb Line-Inches--d = 2.937 

Frontal Flow Intercepted by GRATE--CFS = 0.640 
Lateral Flow Intercepted by GRATE--CFS = 0.086 
TOTAL Flow Intercepted by GRATE--CFS = 0.726 

% FLOW Intercepted = 89.614 
By-pass Flow--CFS = 0.084 / 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- S ~ ~ U Z L  
HIGHWAY NAME- kl. d . f l  iP / j jL  /,-v f 
LOCATION - HYf-30 

TRACS NO 
DESIGNER 
CHECKER 

\/'k $.;A 

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 = 7.900 
SPREAD-Ft . --T = 15.569 

Average Velocity-V-fps = 3.074 

FLOW in Gutter-CFS--Q = 3.554 
% Flow in Gutter-CFS = 44.988 

Velocity of Flow in Gutter-fps = 4.124 
Depth at Curb Line-Inches--d = 5.137 

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 = 5.137 
Local Gutter Depression-Inches = 0.000 

Length of opening: TOTAL Intercept--Ft. = 27.189 
Capture Ratio - -  SLOTTED DRAIN = 0.670 

Capture Ratio - -  GRATE = 0.500 

LENGTH Efficiency Q(S.D.) Q(GRATE) Q (INT.) Q (By-Pass) % CAPT. 
- - - - - - - - - - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - -  - - - - - - - - - -  - - - - - - -  
20.000 0.705 5.573 1.635 7.208 0.692 91.23 
25.000 0.821 6.490 1.163 7.653 0.247 96.87 
30.000 0.911 7.197 0.675 7.872 0.028 9 9 . 6 e  
35.000 0.972 7.678 0.222 7.900 0.000 100.00 
40.000 1.000 7.896 0.004 7.900 0.000 100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

07-25-1995 
PROJECT NAME- SRZQZ L- TRACS NO. - 
HIGHWAY NAME- Us&. A?f/dL(A/g DESIGNER - 
LOCATION - L)?4 f 26 CHECKER - PAGE 
Ver 3.30: March 1994 

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 = 2.160, 
SPREAD-Ft . - -T = 8.347 

Average Velocity-V-fps = 3.277 

FLOW in Gutter-CFS--Q = 1.710 
% Flow in Gutter-CFS = 79.160 

Velocity of Flow in Gutter-fps = 4.109 
Depth at Curb Line-Inches--d = 2.998 .. 

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 = 3.998 
Local Gutter Depression-Inches = 1.000 

Length of opening: TOTAL Intercept--Ft. = 12.509 
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 0.429 0.928 1.225 2.152 0.008 99.65e 
10.000 0.749 1.617 0.543 2.160 0.000 100.00 
15.000 0.947 2.044 0.116 2.160 0.000 100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME - c CK TRACS NO. - 
HIGHWAY NAME - u.6, f l& /&L. /e  DESIGNER - L/RM 
LOCATION - 7-02 fr IO CHECKER - PAGE 
Ver 3.30: March 1994 

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 = 4.250' 
SPREAD-Ft.--T = 9.884- 

Average Velocity-V-fps = 3.373 

FLOW in Gutter-CFS--Q = 2.728 
% Flow in Gutter-CFS = 64.180 

Velocity of Flow in Gutter-fps = 4.310 
Depth at Curb Line-Inches--d = 4.038 

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 = 5.038 
Local Gutter Depression-Inches = 1. OOO/ 

Length of opening: TOTAL Intercept--Ft. = 16.154 
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 0.342 1.453 2.347 3.800 0.450 89.41 

10.000 0.619 2.630 1.551 4.181 0.069 98.37 
15.000 0.827 3.513 0.737 4.250 0.000 1 0 0 . 0 0 ~  



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

01-19-1996 
PROJECT NAME- S R D g L  TRACS NO. - 
JIGHWAY NAME- ZLJ&od Aknpr DESIGNER - i/K d? 
LOCATION - z ~ ~ - o S -  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 = 2.500 

Gutter Slope-Ft./~t.--Sw = 0.067 
Gutter Depression-Inches-- = 2.000 

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. 
- - - - - - - - - - - - - - - -  - - - - - - - -  - - - - - - - - -  - - - - - - - - - -  
10.000 1.926 1.074 3.646 9.357 
15.000 2.250 0.749 3.087 7.027- 
20.000 2.449 0.549 2.696 5.399 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- ,. ‘xi&azL TRACS NO. - 
HIGHWAY NAME- &&&& /Q&P /3/ DESIGNER - <' 

LOCATION - ZJ-48 CHECKER - PAGE 
Ver 3.30: March 1994 

SLOTTED DRAIN W/ GRATE--IN SUMP 

GUTTER FLOW HYDRAULICS 

GUTTER DESCRIPTION 

Roadway Cross-Slope-Ft./Ft.--Sx = 0.036/ 
Shoulder Width-Ft.-- = 1.000 

Shoulder Slope-Ft./Ft.--Ss = 0.036, 
Gutter Width-Ft.--W = 2.500 

Gutter Slope-Ft./Ft.--Sw = 0.067 
Gutter Depression-Inches-- - - 2.000 

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 = 0.5001 

Local Gutter Depression-Inches = 0.000 

LENGTH Q(S1ot. Dn) Q (Grate) d (inches) SPREAD, Ft . 
- - - - - -  - - - - - - - - - -  - - - - - - - -  - - - - - - - - -  - - - - - - - - - -  
10.000 2.232 1.317 4.023 7.194- 
15.000 2.617 0.934 3.414 5.779 
20.000 2.855 0.695 2.986 4.787 
25.000 3.013 0.536 2.667 4.048 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- 5 / f m ~  TRACS NO. - 
HIGHWAY NAME- & / 5 ~ ~ n /  RAMP B DESIGNER - UP& 
LOCATION - /t& CHECKER - PAGE 
Ver 3.30: March 1994 

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. = 5.171 
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 . 
- - - - - -  - - - - - - - - - -  - - - - - - - -  - - - -  - - - - -  - - - - - - - - - -  
10.000 1.042 0.296 1.421 1.776- 
15.000 1.218 0.082 1.050 1.313 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

10-26-1995 
PROJECT NAME- a Z ~ Z L  TRACS NO. - 
HIGHWAY NAME- - > J d DESIGNER - ~ x M  
LOCATION - / H D  CHECKER - PAGE 
Ver 3.30: March 1994 

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 = 2.000 
SPREAD-Ft.--T = 6.523 

Average Velocity-V-fps = 3.500 

FLOW in Gutter-CFS--Q = 1.701 
% Flow in Gutter-CFS = 85.047 

Velocity of Flow in Gutter-fps = 4.153 
Depth at Curb Line-Inches--d = 2.966, 

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 = 3.966 
Local Gutter Depression-Inches = 1.000 

Length of opening: TOTAL Intercept--Ft. = 12.037 
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 0.444 0.888 1.109 1.997 0.003 99.86 

10.000 0.769 1.537 0.463 2.000 0.000 1 0 0 . 0 ~  
15.000 0.961 1.922 0.078 2.000 0.000 100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

10-24-1995 
PROJECT NAME- J f l ~  ZL TRACS NO. - 
HIGHWAY NAME- 366SdAl FA-&/ 3 DESIGNER - V .4  
LOCATION - /Z P ~ L  CHECKER - PAGE 
Ver 3.30: March 1994 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 3.523 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.018 

Shoulder Width-Ft.-- = 1.000 
Shoulder Slope-Ft./~t.--Ss = 0.018 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./~t.--Sw = 0.067 

Gutter Depression-Inches-- = 2.000 
Manning's 'N = 0.016 

Flow-CFS--Q = 1.300 ' 
SPREAD-Ft.--T = 4 .114,- 

Average Velocity-V-fps = 4.254 

FLOW in Gutter-CFS--Q = 1.271 
% Flow in Gutter-CFS = 97.747 

Velocity of Flow in Gutter-ips = 4.508 
Depth at Curb Line-Inches--d = 2.353 

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 = 1.300 
GUTTER FLOW at INLET-CFS--Q = 1 .'300 
Gutter Velocity at INLET-ips = 4.929 

Depth at INLET Curb Line-Inches--d = 2.757 

Frontal Flow Intercepted by GRATE--CFS = 1.295 
Lateral Flow Intercepted by GRATE--CFS = 0.004 
TOTAL Flow Intercepted by GRATE--CFS = 1.299 

% FLOW Intercepted = 99.931 
By-pass Flow--CFS = 0.001 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- SfZ4 2 L TRACS NO. - 
HIGHWAY NAME- 4 ~ n A  84~fp r3 DESIGNER - 
LOCATION - ?f@ CHECKER - PAGE 
Ver 3.30: March 1994 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 4.278 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.018 

Shoulder Width-Ft.-- = 11.500 
Shoulder Slope-Ft./Ft.--Ss = 0.018 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- - - 2.000 
Manning's 'N = 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- 
HIGHWAY NAME- 
LOCATION - - - - - - - - - - I V ,  Y "  

Ver 3.30: March 1994 

TRACS NO 
DESIGNER 
CHECKER 

c/k& 
PAGE 

SLOTTED DRAIN W/ GRATE--IN SUMP 

GUTTER FLOW HYDRAULICS 

GUTTER DESCRIPTION 

Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 
Shoulder Width-Ft.-- = 13.500 

Shoulder Slope-Ft./Ft.--Ss = 0.020 
Gutter Width-Ft.--W = 2.500 

Gutter Slope-Ft./Ft.--Sw = 0.067 
Gutter Depression-Inches-- - - 2.000 

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 . 
- - - - - -  - - - - - - - - - -  - - - - - - - -  - - - - - - - - - - - - - - - - - - -  
5.000 1.009 0.850 2.761 5.671 

10.000 1.398 0.463 1.945 2.43==- 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- SAZOZ L TRACS NO. - 
HIGHWAY NAME- A L M A  R ~ r d  8 DESIGNER - \ /k'YI 
LOCATION - /Z,+T - CHECKER - PAGE 
Ver 3.30: March 1994 

CURB OPENING INLET - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 2.685 
Roadway Cross-Slope-Ft./~t.--Sx = 0.020 

Shoulder Width-Ft.-- = 11.500 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- - - 2.000 
Manning's 'N = 0.016 

F~OW-CFS--Q = 1. elo 
SPREAD-Ft.--T = 5.614 

Average Velocity-V-fps = 3.926 

FLOW in Gutter-CFS--Q = 1.635 
% Flow in Gutter-CFS = 90.356 

Velocity of Flow in Gutter-fps = 4.492 
Depth at Curb Line-Inches--d = 2.748 

CURB OPENING--ADOT STD. C-15.20 

Flow-CFS--Q = 1.810 
Gutter Velocity at INLET-fps = 4.492 
GUTTER FLOW at INLET-CFS--Q = 1.635 

Depth at INLET Curb Line-Inches--d = 1.146 
Local Gutter ~epression-Inches = 0.000 

Length of opening: TOTAL Intercept--Ft. = 16.461 
Capture Ratio - -  CURB OPENING = 0.800 

LENGTH Efficiency Q (Captured) Q (By-Pass) 
- - - - - -  - - - - - - - - - -  - - - - - - - - - - -  - - - - - - - - - -  
3.083 0.253 0.459 1.351 
6.583 0.500 0.906 0.904 
9.583 0.676 1.224 0.586 

13.583 0.857 1.551 0.259- .%HE/ 
20.583 1.000 1.810 0.000 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- SAZOU TRACS NO. - 
HIGHWAY NAME- f i ~n r+  ,?&hi P ,8 DESIGNER - L /AM 
LOCATION - / k  ~7 CHECKER - PAGE 
Ver 3.30: March 1994 

SLOTTED DRAIN W/ GRATE--IN SUMP 

GUTTER FLOW HYDRAULICS 

GUTTER DESCRIPTION 

Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 
Shoulder Width-Ft.-- = 11.500 

Shoulder Slope-Ft./Ft.--Ss = 0.015 
Gutter Width-Ft.--W = 2.500 

Gutter Slope-Ft./Ft.--Sw = 0.015 
Gutter Depression-Inches-- - - 0.441 

GRATE TYPE: ADOT STD.--C15.91 
Grate Lensth--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. 
- - - - - - - - - - - - - - - -  - - - - - - - -  - - - - - - - - -  - - - - - - - - - -  
10.000 2.076 1.392 2.833 14.850 
15.000 2.449 1.023 2.266 12.488 
20.000 2.684 0.787 1.866 10.577'- L!SE 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

12 -20 -1995  
PROJECT NAME- JJ/-zGw- TRACS NO. - 
HIGHWAY NAME- f i t  : (7 DESIGNER - t /k& 
LOCATION - /+*O,,?O b e  CHECKER - PAGE 
Ver 3 . 3 0 :  March 1994  

GRATE INLET--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 .083  
Gutter Depression-Inches-- - - 2 .499  

GRATE TYPE: ADOT STD.--EF--1 
Grate Length--Ft. = 3 .250  
Grate Width---Ft. = 2 .000  

Grate Area--Sq. Ft. = 4 . 6 6 0  
Effective Perimeter--Ft. = 7 .250  

Capture Ratio - -  GRATE = 0.500 

Local Gutter Depression-Inches = 0.000 
Depth at INLET Curb Line-Inches--d = 5 .225  

Depth at C.G. of Grate Flow--In. = 4 .305  

Depth for WEIR FLOW, inches = 5.225' ~ 6 ' '  
Depth for ORIFICE FLOW, inches = 0 .059  

Q(1NLET) = 1 . 9 7 0  cfs is Based on WEIR flow 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- <- - -  - .- 
U L  +.4p- TRACS NO. - 

JIGHWAY NAME- ,-.- I,.,r. r - *  , ,./ L DESIGNER - \ r a ' .  

LOCATION -'---- - 
1- , A CHECKER - PAGE - -  - . . ~ - -  

Ver 3.30: March 1994 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 1.883 
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 
Manning's 'N = 0.016 

Flow-CFS--Q = 1.850 
SPREAD-Ft.--T = 6.352 

Average Velocity-V-fps = 3.368 

FLOW in Gutter-CFS--Q = 1.592 
% Flow in Gutter-CFS = 86.061 

Velocity of Flow in Gutter-fps = 3.971 
Depth at Curb Line-Inches--d = 2.925' 

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 = 3.925 
Local Gutter Depression-Inches = 1.000 

Length of opening: TOTAL Intercept--Ft. = 11.383 
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. 
- - - - - -  - - - - - - - - - -  - - - - - - -  - - - -  - - - -  - - - - - - - - - - - - - - - - -  - - - - - - - 
10.000 0.798 1.476 0.374 1.850 0.000 1 0 0 . 0 0 ~  
15.000 0.979 1.811 0.039 1.850 0.000 100.00 
20.000 1.000 1.850 0.000 1.850 0.000 100.00 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME - Sk'z6~L TRACS NO. - 
HIGHWAY NAME - / A  5 P,--,l>* D DESIGNER - d t ~ ?  
LOCATION - l t 6 T  CHECKER - PAGE 
Ver 3.30: March 1994 

GRATE INLET--IN SUMP 

GUTTER FLOW HYDRAULICS 

GUTTER DESCRIPTION 

Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 
Shoulder Width-Ft.-- = 11.500 

Shoulder Slope-Ft./Ft.--Ss = 0.020 
Gutter Width-Ft.--W = 2.500 

Gutter Slope-Ft./Ft.--Sw = 0.067 
Gutter Depression-Inches-- - - 2.000 

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 

Local Gutter Depression-Inches = 1.000 
Depth at INLET Curb Line-Inches--d = 3.029 

Depth at C.G. of Grate Flow--In. = 2.999 I 

Depth for WEIR FLOW, inches = 4.029 
Depth for ORIFICE FLOW, inches = 0.012 

Q(1NLET) = 1.000 cfs is Based on WEIR flow 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- SR~GZL TRACS NO. - 
HIGHWAY NAME- r +- 4.b / ,-. ,,'.,, , , DESIGNER - Lit. .- 
LOCATION - 2 C-45- CHECKER - PAGE 
Ver 3.30: March 1994 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.541 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.021 

shoulder width-Ft.-- = 11.500 
Shoulder Slope-Ft./~t.--Ss = 0.021 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0.067 

Gutter Depression-Inches-- - - 2.000 
Manning's 'N = 0.016 

Flow-CFS--Q = 0.970 
SPREAD-Ft.--T = 6.189 

Average Velocity-V-fps = 1.807 

FLOW in Gutter-CFS--Q = 0.842 
% Flow in Gutter-CFS = 86.786 

Velocity of Flow in Gutter-fps = 2.118 
Depth at Curb Line-Inches--d = 2.908 /. 

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 = 0.970 
GUTTER FLOW at INLET-CFS--Q = 0.947 
Gutter Velocity at INLET-fps = 2.290 

Depth at INLET Curb Line-Inches--d = 3.484 

Frontal Flow Intercepted by GRATE--CFS = 0.909 
Lateral Flow Intercepted by GRATE--CFS = 0.041 
TOTAL Flow Intercepted by GRATE--CFS = 0.950 

% FLOW Intercepted = 97.956 
By-pass Flow--CFS = 0.020/ 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- (2'20~~ TRACS NO. - 
HIGHWAY NAME- ALMR A H P  D DESIGNER - dfiv 
LOCATION - Fj-4-r  CHECKER - PAGE 
Ver 3 . 3 0 :  March 1 9 9 4  

CURB OPENING INLET - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 2 . 6 2 3  
Roadway Cross-Slope-Ft./Ft.--Sx = 0 . 0 4 3  

Shoulder Width-Ft.-- = 1 1 . 5 0 0  
Shoulder Slope-Ft./Ft.--Ss = 0 . 0 4 3  

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./Ft.--Sw = 0 . 0 6 7  

Gutter Depression-Inches-- - - 2 . 0 0 0  
Manning's 'N = 0 . 0 1 6  

Flow-CFS--Q = 0 . 9 9 0  
SPREAD-Ft.--T = 3 . 0 0 0  

Average Velocity-V-fps = 3 . 7 0 2  

FLOW in Gutter-CFS--Q = 0 . 9 8 6  
% Flow in Gutter-CFS = 99 .553  

Velocity of Flow in Gutter-fps = 3 . 7 6 1  
Depth at Curb Line-Inches--d = 2 . 2 5 8  

CURB OPENING--ADOT STD. C-15 .20  

Flow-CFS--Q = 0 . 9 9 0  
Gutter Velocity at INLET-fps = 3 . 7 6 1  
GUTTER FLOW at INLET-CFS--Q = 0 . 9 8 6  

Depth at INLET Curb Line-Inches--d = 0 . 0 0 0  
Local Gutter Depression-Inches = 0 . 0 0 0  

Length of opening: TOTAL Intercept--Ft. = 1 2 . 1 7 7  
Capture Ratio - -  CURB OPENING = 0 . 8 0 0  

LENGTH Efficiency Q (Captured) Q (By-Pass) 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- g","L TRACS NO. - 
HIGHWAY NAME- S # ~ f n A  ~ 5 P F f c j ~  f l d ,  DESIGNER - [ / d j p ]  
LOCATION - /Sf.53.80 . LT CHECKER - PAGE 
Ver 3.30: March 1994 

CURB OPENING W/ GRATE--IN SUMP 

GUTTER FLOW HYDRAULICS 

GUTTER DESCRIPTION 

Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 
Shoulder Width-Ft.-- = 11.000 

Shoulder Slope-Ft./Ft.--Ss = 0.020 
Gutter Width-Ft.--W = 1.417 

Gutter Slope-Ft./Ft.--Sw = 0.059 
Gutter Depression-Inches-- - - 1.000 4 2 

GRATE TYPE: ADOT STD.--L 2.0 
Grate Length--Ft. = 3.250 
Grate Width---Ft. = 1.500 

Grate Area--Sq. Ft. = 2.980 
Effective Perimeter--Ft. = 6.250 

Capture Ratio - -  CURB OPENING = 0.800 

Capture Ratio - -  CURB OPENING = 0.800 

Local Gutter Depression-Inches = 1.000 

LENGTH Q(Curb Op) Q (Grate) d (inches) SPREAD, Ft . 
- - - - - -  - - - - - - - - - -  - - - - - - - -  - - - - - - - - -  - - - - - - - - - -  
3.083 0.893 0.226 2.341 2.841- 
6.583 1.065 0.055 1.908 2.704 
9.583 1.078 0.042 1.591 2.255 

13.583 1.088 0.032 1.324 1.877 
20.583 1.098 0.022 1.047 1.484 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- ~ L z P Z L  TRACS NO. - 
HIGHWAY NAME- PcmP yc' :- G , - J .  l p  I , .  DESIGNER - d&/A 
LOCATION - 2 C  J 3-7 CHECKER - PAGE 
Ver 3 . 3 0 :  March 1 9 9 4  

CURB OPENING INLET - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0 . 1 4 5  
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 . 0 0 0  
Gutter Slope-Ft./Ft.--Sw = 0 . 0 8 3  

Gutter Depression-Inches-- = 2 . 0 0 0  
Manning's 'N = 0 . 0 1 6  

Flow-CFS--Q = 1.080'. 
SPREAD-Ft.--T = 9 . 5 5 9  

Average Velocity-V-fps = 1 . 0 3 8  

FLOW in Gutter-CFS--Q = 0 . 6 4 8  
% Flow in Gutter-CFS = 6 0 . 0 3 3  

Velocity of Flow in Gutter-fps = 1 . 3 8 2  
Depth at Curb Line-Inches--d = 3 . 8 1 4  

CURB OPENING--ADOT STD. C - 1 5 . 2 0  

Flow-CFS--Q = 1 . 0 8 0  
Gutter Velocity at INLET-fps = 1 . 3 8 2  
GUTTER FLOW at INLET-CFS--Q = 0 . 6 4 8  

Depth at INLET Curb Line-Inches--d = 0 . 0 0 0  
Local Gutter Depression-Inches = 0 . 0 0 0  

Length of opening: TOTAL Intercept--Ft. = 5 . 7 5 2  
Capture Ratio - -  CURB OPENING = 0.800'. 

LENGTH Efficiency Q (Captured) Q (By-Pass) 
- - - - - - - - - -  - - - - - - - - - - -  - - - - - - - - - -  

0 . 6 3 5  0 . 6 8 6  0 . 3 9 4  
0 . 9 8 8  1 . 0 6 7  0 . 0 1 3 6  
1 . 0 0 0  1 . 0 8 0  0 . 0 0 0  
1 . 0 0 0  1 . 0 8 0  0 . 0 0 0  
1 . 0 0 0  1 . 0 8 0  0 . 0 0 0  



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- 3f^caz~ 
HIGHWAY NAME- AL I:/'/ J .! 220 L RZ/ 
LOCATION - Z / c z Y  - -  - -  . .  a 
Ver 3.30: March 1994 

TRACS NO 
DESIGNER 
CHECKER 

u - 8  

PAGE 

CURB OPENING INLET - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roa 
Roadway Grade-% Per cent--G = 

.dway Cross-Slope-Ft./Ft.--Sx = 
Shoulder width-Ftr-- = 

Shoulder Slope-Ft./Ft.--Ss = 
Gutter Width-Ft.--W = 

Gutter Slope-Ft./Ft.--Sw = 
Gutter Depression-Inches-- - - 

Manning's 'N = 

Flow-CFS--Q = 0.770 
SPREAD-Ft.--T = 6.001/ 

Average Velocity-V-fps = 1.582 

FLOW in Gutter-CFS--Q = 0.632 
% Flow in Gutter-CFS = 82.141 

Velocity of Flow in Gutter-fps = 1.936 
Depth at Curb Line-Inches--d = 2.960 

CURB OPENING--ADOT STD. C-15.20 

Flow-CFS--Q = 0.770 
Gutter Velocity at INLET-fps = 1.936 
GUTTER FLOW at INLET-CFS--Q = 0.632 

Depth at INLET Curb Line-Inches--d = 3.585 
Local Gutter Depression-Inches = 0.000 

Length of opening: TOTAL Intercept--Ft. = 6.110 
Capture Ratio - -  CURB OPENING = 0.800 

LENGTH Efficiency Q (Captured) Q (By-Pass) 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

r ,  nr 
PROJECT NAME- ,;K-L ZL TRACS NO. - 
HIGHWAY NAME - f i~ , ,-. -, , .  - - - .. , . DESIGNER - ~18  v 
LOCATION - zlt62, Rr CHECKER - PAGE 
Ver 3.30: March 1994 ' 

CURB OPENING INLET - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.504 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 16.500 
Shoulder Slope-Ft./~t.--Ss = 0.020 

Gutter Width-Ft.--W = 2.000 
Gutter Slope-Ft./Ft.--Sw = 0.083 

Gutter Depression-Inches-- - - 2.000 
Manning's 'N = 0.016 

Flow-CFS--Q = 0.520 
SPREAD-Ft.--T = 4.392' 

Average Velocity-V-fps = 1.627 

FLOW in Gutter-CFS--Q = 0.483 
% Flow in Gutter-CFS = 92.874 

Velocity of Flow in Gutter-fps = 1.841 
Depth at Curb Line-Inches--d = 2.574 

CURB OPENING--ADOT STD. C-15.20 

Flow-CFS--Q = 0.520 
Gutter Velocity at INLET-fps = 2.001 
GUTTER FLOW at INLET-CFS--Q = 0.520 

Depth at INLET Curb Line-Inches--d = 4.061 
Local Gutter Depression-Inches = 1.000-- 

Length of opening: TOTAL Intercept--Ft. = 3.881 
Capture Ratio - -  CURB OPENING = 0.800 

LENGTH Efficiency Q (Captured) Q (By-Pass) 
- - - - - -  - - - - - - - - - -  - - - - - - - - - - -  - - - - - - - - - -  
3.083 0.837 0.435 0.085 
6.583 1.000 0.520 0.000 
9.583 1.000 0.520 0.000 

13.583 1.000 0.520 0.000 
20.583 1.000 0.520 0.000 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- S ~ Z C ~ L  TRACS NO. - 
HIGHWAY NAME- A L ~ R  , Y P ~ C O L  A/ , : '  DESIGNER - Jf/t/: ~- , , -: -./. - - -  ,".,, . ~ - - .  

LOCATION - Z L + f T  CHECKER - PAGE 
Ver 3.30: March 1994 

CURB OPENING INLET - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 0.201 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 10.000 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 2.000 
Gutter Slope-Ft./Ft.--Sw = 0.083 

Gutter Depression-Inches-- = 2.000 
Manning's 'N = 0.016 

Flow-CFS--Q = 0.300' 
SPREAD-Ft.--T = 4.094 

Average Velocity-V-fps = 1.020 

FLOW in Gutter-CFS--Q = 0.284 
% Flow in Gutter-CFS = 94.621 

Velocity of Flow in Gutter-fps = 1.134 
Depth at Curb Line-Inches--d = 2.502 

CURB OPENING--ADOT STD. C-15.20 

Flow-CFS--Q = 0.300 
Gutter Velocity at INLET-fps = 1.134 
GUTTER FLOW at INLET-CFS--Q = 0.284 

Depth at INLET Curb Line-Inches--d = 0.000 
Local Gutter Depression-Inches = 0.000 

Length of opening: TOTAL Intercept--Ft. = 3.057 
Capture Ratio - -  CURB OPENING = 0.800 

LENGTH Efficiency Q (Captured) Q (By-Pass) 
- - - - - - - - - -  - - - - - - - - - - -  - - - - - - - - - -  

0.948 0.284 0.0164+~- 
1.000 0.300 0.000 
1.000 0.300 0.000 
1.000 0.300 0.000 
1.000 0.300 0.000 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECTNAME- TRACS NO. - 
HIGHWAY NAME- M@/[&U/P-( rc>tmP & DESIGNER - \ /,4c,q 
LOCATION - /2t7r CHECKER - PAGE 
Ver 3.30: March 1994 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 4.992 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.009 

Shoulder Width-Ft.-- = 12.000 
Shoulder Slope-Ft./Ft.--Ss = 0.009 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./~t.--Sw = 0.067 

Gutter Depression-Inches-- - - 2.000 
Manning's 'N = 0.016 

Flow-CFS--Q = 1.770 
SPREAD-Ft.--T = 6.596 

Average Velocity-V-fps = 4.760 

FLOW in Gutter-CFS--Q = 1.645 
% Flow in Gutter-CFS = 92.935 

Velocity of Flow in Gutter-fps = 5.516 
Depth at Curb Line-Inches--d = 2.431 

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 = 1.770 
GUTTER FLOW at INLET-CFS--Q = 1.770 
Gutter Velocity at INLET-fps = 6.067 

Depth at INLET Curb Line-Inches--d = 2.899 

Frontal Flow Intercepted by GRATE--CFS = 1.754 
Lateral Flow Intercepted by GRATE--CFS = 0.008 
TOTAL Flow Intercepted by GRATE--CFS = 1.762 

% FLOW Intercepted = 99.570 
By-pass Flow--CFS = 0.008 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- . ~ Z O Z L  TRACS NO. - 
HIGHWAY NAME- MCI((L&PJ /rp&?/i f" DESIGNER - fl 
LOCATION - 54 / e m  CHECKER - PAGE 
Ver 3.30: March 1994 

GRATE INLET--IN SUMP 

GUTTER FLOW HYDRAULICS 

GUTTER DESCRIPTION 

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-- 

GRATE TYPE: ADOT STD.--C15.92 
Grate Length--Ft. 
Grate Width---Ft. 

Grate Area--Sq. Ft. 
Effective Perimeter--Ft. 

Capture Ratio - -  GRATE 

Local Gutter Depression-Inches 
Depth at INLET Curb Line-Inches--d 

Depth at C.G. of Grate Flow--In. 

Depth for WEIR FLOW, inches 
Depth for ORIFICE FLOW, inches 

Q(1NLET) = 0.710 cfs is Based on WEIR flow 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME - SfzfiZ L TRACS NO. - 
HIGHWAY NAME- f l ' / c r C / t ~ ~ f i  F841f / DESIGNER - 
LOCATION CHECKER - PAGE 
Ver 3.30: March 1994 

A r d  in4tr~k ~r 

GRATE INLET DESIGN - -  ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 1.426 
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020 

Shoulder Width-Ft.-- = 9.500 
Shoulder Slope-Ft./Ft.--Ss = 0.020 

Gutter Width-Ft.--W = 2.500 
Gutter Slope-Ft./~t.--Sw = 0.067 

Gutter Depression-Inches-- - - 2.000 
Manning's 'N = 0.016 

Flow-CFS--Q = 0.400 
SPREAD-Ft.--T = 2.254 

Average Velocity-V-fps = 2.362 

FLOW in Gutter-CFS--Q = 0.400 
% Flow in Gutter-CFS = 100.013 

Velocity of Flow in Gutter-fps = 2.362 
Depth at Curb Line-Inches--d = 1.803 

GRATE TYPE: ADOT STD.--L 2.2 

Grate Length--Ft. = 3.250 
Grate Width---Ft. = 1.500 

Grate Area--Sq. Ft. = 3.600 
Capture Ratio - -  GRATE = 0.500 

Effective Perimeter--Ft. = 6.250 
Splash-Over Velocity--FPS = 7.250 

Local Gutter Depression-Inches = 0.000 

Flow-CFS--Q = 0.400 
GUTTER FLOW at INLET-CFS--Q = 0.400 
Gutter Velocity at INLET-fps = 2.363 

Depth at INLET Curb Line-Inches--d = 1.804 

Frontal Flow Intercepted by GRATE--CFS = 0.379 
Lateral Flow Intercepted by GRATE--CFS = 0.014 
TOTAL Flow Intercepted by GRATE--CFS = 0.393 

% FLOW Intercepted = 98.161 
By-pass Flow--CFS = 0.007- 



ARIZONA DEPARTMENT OF TRANSPORTATION 
DRAINAGE DESIGN SECTION 

PROJECT NAME- .Cda?ZL TRACS NO. - 
HIGHWAY NAME- rvak'&c/P., Ad .B DESIGNER - dm 
LOCATION - /f k8.s CHECKER - PAGE 
Ver 3.30: March 1994 

SLOTTED DRAIN W/ GRATE--ON GRADE 

GUTTER FLOW HYDRAULICS 
GUTTER DESCRIPTION 

Roadway Grade-% Per cent--G = 5.031 
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 
Manning's 'N = 0.016 

Flow-CFS--Q = 3.040 
SPREAD-Ft.--T = 6.372 

Average Velocity-V-fps = 5.509 

FLOW in Gutter-CFS--Q = 2.613 
% Flow in Gutter-CFS = 85.942 

Velocity of Flow in Gutter-fps = 6.500 
Depth at Curb Line-Inches--d = 2.929 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. = 5.171 
Splash-Over Velocity--FPS = 7.354 

Depth at INLET Curb Line-Inches--d = 3.929 
Local Gutter Depression-Inches = 1. O O W  

Length of opening: TOTAL Intercept--Ft. = 18.840 
Capture Ratio - -  SLOTTED DRAIN = 0.670, 

Capture Ratio - -  GRATE = 0.500 - 
LENGTH Efficiency Q ( S  .D. ) Q (GRATE) Q (INT. ) Q (By-Pass) % CAPT. 



APPENDIX C 

Cross-Culvert Hydraulic Analyses 



HEC-2 WATER SURFACE PROFILES 

* "=rsion 4.6.2; May 1991 

RUN DATE 30AUG95 TIME 16:09:09 ' 
........ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

X X X X X X X X X  xxxxx 
X X X  X X 

X X X  X 

XXXXXXX XXXX X 

X X X  X 

X X X  X X 

X X XXXXXXX XXXXX 

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

U.S. ARMY CORPS OF ENGINEERS 

HYDROLOGIC ENGINEERING CENTER 

609 SECOND STREET, SUITE D 

DAVIS, CALIFORNIA 95616-4687 

(916) 756-1104 

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

XXXXX 

X X 

X 

XXXXX XXXXX 

X 

X 

XXXXXXX 



THIS RUN EXECUTED 30AUG95 16:09:09 ....*... t**..*ttttC********tttt****** 

HEC-2 WATER SURFACE PROFILES 

Version 4.6.2; May 1991 

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

93080.04 

Alma School Box Culvert 

Red Mountain Alma School Drain 

Filename = 2-8XBSC2.DAT 

DESIGN FLOWS CONSIST OF IGA FLOW OF 847 CFS AND IGA + HURLEY FLOW 

OF 995 CFS 

Tailwater = No flow in S a l t  River 

Box culvert modeled using special culvert methodology. Normal 

depth methodology may not be appropriate due to the submerged inlet 

51 ICHECK INQ NINV IDIR STRT METRIC WINS Q WSEL FQ 

52 'ROF IPLOT PRFVS XSECV XSECH FN ALLDC IBW CHNIM ITRACE 

53 VARIABLE CODES FOR SUMMRRY PRINTOUT 

55 LPRNT NUMSEC **""**REQUESTED SECTION NUMBERS""**" 

-10 -10 

Outfall into Salt River 

Outfall into Salt River 

X1 0.00 8 19993.66 20006.35 0.0 0.0 0.0 1.0 0.0 0 

GR 1188.0 19935.0 1188.0 19991.66 1177.90 19991.67 1177.90 20000.0 1177.90 20008.34 

GR 1188.0 20008.35 1188.0 20040.0 1180.0 20060.0 

Downstream end of 2-8'x 8'x 483' CBC 



Downstream end of 2 - 8 ' x  8 ' x  4 8 3 '  CBC 

X1 0 . 0 7  8  1 9 9 9 3 . 6 6  2 0 0 0 6 . 3 5  7 . 0  7 . 0  7 . 0  1 . 0  0 . 0  0  

X3 1 0  

GR 1 1 8 8 . 0  1 9 9 3 5 . 0  1 1 8 8 . 0  1 9 9 9 1 . 6 6  1 1 7 7 . 9 4  1 9 9 9 1 . 6 7  1 1 7 7 . 9 4  2 0 0 0 0 . 0 0  1 1 7 7 . 9 4  2 0 0 0 8 . 3 4  

GR 1 1 8 8 . 0  2 0 0 0 8 . 3 5  1 1 8 8 . 0  2 0 0 4 0 . 0  1 1 8 8 . 0  2 0 0 6 0  . O  

Upstream end of 2 - 8 ' x  8 ' x  4 8 3 '  CBC 

Upstream end of 2 - 8 ' x  8 ' x  4 8 3 '  CBC - Begin transition 

X1 4 . 9 0  8  1 9 9 9 3 . 6 6  2 0 0 0 6 . 3 5  4 8 3 . 0  4 8 3 . 0  4 8 3 . 0  1 . 0  0 . 0  0  

X2 0 . 0  0 . 0  2  0 . 0  1 2 0 7 . 5  

X  3 1 0  

GR 1 1 9 1 . 8  1 9 9 5 3 . 0  1 1 9 1 . 6  1 9 9 6 8 . 0  1 1 9 1 . 4 0  1 9 9 9 1 . 6 6  1 1 8 0 . 9 1  1 9 9 9 1 . 6 7  1 1 8 0 . 9 1  2 0 0 0 0 . 0 0  

GR 1 1 8 0 . 9  2 0 0 0 8 . 3 4  1 1 9 4 . 0  2 0 0 0 8 . 3 5  1 1 9 4 . 5  2 0 0 6 0 . 0  

Transition Section 

XI 5 . 0 0  9  1 9 9 8 6 . 8  2 0 0 1 3 . 2  1 0 . 0  1 0 . 0  1 0 . 0  

GR 1 1 9 1 . 8  1 9 9 5 3 . 0  1 1 9 1 . 8 0  1 9 9 8 5 . 8 0  1 1 8 3 . 4 0  1 9 9 8 5 . 8 1  1 1 8 0 . 9 9  1 9 9 8 8 . 0  1 1 8 0 . 9 9  2 0 0 0 0 . 0  

GR 1 1 8 1 . 0  2 0 0 1 2 . 0  1 1 8 3 . 4 0  2 0 0 1 4 . 1 9  1 1 9 4  . O  2 0 0 1 4 . 2 0  1 1 9 4 . 0  2 0 0 5 0 . 0  

Transition Section 

X1 5 . 1 0  9  1 9 9 7 8 . 7 9  2 0 0 2 1 . 2 1  1 0 . 0  1 0 . 0  1 0 . 0  

GR 1 1 9 1 . 8  1 9 9 5 3 . 0  1 1 9 1 . 8  1 9 9 7 8 . 7 9  1 1 8 6 . 3 0  1 9 9 7 8 . 8  1 1 8 1 . 0 7  1 1 8 1 . 0 7  2 0 0 0 0 . 0  1 9 9 8 7 . 6  

GR 1 1 8 1 . 1  2 0 0 1 2 . 4  1 1 8 6 . 3  2 0 0 2 1 . 2  1 1 9 4 . 0  2 0 0 2 1 . 2 1  1 1 9 4 . 0  2 0 0 5 0 . 0  

End Transition - Begin natural channel 

X1 5 . 3 0  8  1 9 9 6 8 . 0  2 0 0 4 0 . 0  2 0 . 0  2 0 . 0  2 0 . 0  1 . 0  0 . 0  0  

GR 1 1 9 1 . 8  1 9 9 5 3 . 0  1 1 9 1 . 8  1 9 9 6 8 . 0  1 1 8 1 . 1 2  1 9 9 8 9 . 0  1 1 8 1 . 2 2  1 9 9 9 5 . 0  1 1 8 1 . 2 2  2 0 0 0 0 . 0  

GR 1 1 8 1 . 2  2 0 0 1 4 . 0  1 1 9 4 . 0  2 0 0 4 0 . 0  1 1 9 4 . 5  2 0 0 6 0 . 0  

Return to natural channel section 



Downstream of Drop Structure 3  

Downstream of Drop Structure 3 

X 1  1 1 . 2 6  8  1 9 9 6 5 . 0  2 0 0 2 9 . 0  2 1 . 0  2 1 . 0  2 1 . 0  1 . 0  0 . 0  0  

GR 1 2 0 0 . 0  1 9 9 4 8 . 0  1 1 9 9 . 0  1 9 9 6 5 . 0  1 1 8 6 . 3  1 9 9 8 3 . 0  1 1 8 6 . 3  2 0 0 0 0 . 0  1 1 8 6 . 1  2 0 0 0 8 . 0  

GR 1 1 9 3 . 0  2 0 0 1 2 . 0  1 1 9 9 . 0  2 0 0 2 9 . 0  1 1 9 9 . 0  2 0 0 4 5 . 0  

Upstream of Drop Structure 3 

Upstream of Drop Structure 3  

X 1  1 1 . 2 7  8  1 9 9 6 5 . 0  2 0 0 2 9 . 0  1 . 0  1 . 0  1 . 0  1 . 0  0 . 0  0  

GR 1 2 0 0 . 0  1 9 9 4 8 . 0  1 1 9 9 . 0  1 9 9 6 5 . 0  1 1 8 7 . 5  1 9 9 8 1 . 0  1 1 8 7 . 5  2 0 0 0 0 . 0  1 1 8 7 . 5  2 0 0 1 0 . 0  

GR 1 1 9 3 . 0  2 0 0 1 2 . 0  1 1 9 9 . 0  2 0 0 2 9 . 0  1 1 9 9 . 0  2 0 0 4 5 . 0  

Downstream of Drop Structure 2  

Downstream of Drop Structure 2  

X 1  1 1 . 5 0  7  1 9 9 6 9 . 0  2 0 0 1 8 . 0  2 3 . 0  2 3 . 0  2 3 . 0  1 . 0  0 . 0  0  

GR 1 2 0 0 . 0  1 9 9 4 8 . 0  1 1 9 9 . 0  1 9 9 6 9 . 0  1 1 8 7 . 5  1 9 9 8 3 . 0  1 1 8 7 . 5  2 0 0 0 0 . 0  1 1 8 7 . 5  2 0 0 1 0 . 0  

GR 1 1 9 8 . 0  2 0 0 1 8 . 0  1 1 9 9 . 0  2 0 0 2 8 . 0  

ream of Drop Structure 2  



Upstream of Drop Structure 2  

X 1  1 1 . 5 1  7 1 9 9 6 9 . 0  2 0 0 1 8 . 0  1 . 0  1 . 0  1 . 0  1 . 0  0 . 0  0  

GR 1 2 0 0 . 0  1 9 9 4 8 . 0  1 1 9 9 . 0  1 9 9 6 9 . 0  1 1 9 1 . 4  1 9 9 8 1 . 0  1 1 9 1 . 4  2 0 0 0 0 . 0  1 1 9 1 . 4  2 0 0 1 3 . 0  

GR 1 1 9 8 . 0  2 0 0 1 8 . 0  1 1 9 9 . 0  2 0 0 2 8 . 0  



93080.04 

Alma School Box Culvert 

Red Mountain Alma School Drain 

Filename = 2-8x8SCZ.DAT 

DESIGN FLOW CONSISTS OF IGA FLOW OF 847 CFS 

Tailwater = Pre-Roosevelt 10-yr flow in Salt River 

ICHECK INQ NINV IDIR STRT METRIC HVINS Q WSEL FQ 

NPROF IPLOT P R N S  XSECV XSECH FN ALLDC IBW CHNIM ITRACE 



93080.04 

Alma School Box Culvert 

Red Mountain Alma School Drain 

Filename = 2-8x8SC2.DAT 

DESIGN FLOW CONSISTS OF IGA FLOW OF 847 CFS 

Tailwater = Post-Roosevelt 100-yr flow in Salt River 

ICHECK INQ NINV IDIR STRT METRIC W I N S  Q WSEL FQ 

NPROF IPLOT PRFVS XSECV XSECH FN ALLDC IBW CHNIM ITRACE 



93080.04 

Alma School Box Culvert 

Red Mountain Alma School Drain 

Filename = 2-8xSSC2.DAT 

DESIGN FLOW CONSISTS OF IGA FLOW OF 847 CFS 

Tailwater = Pre-Roosevelt 100-yr flow in Salt River 

ICHECK INQ NINV IDIR STRT METRIC HVINS Q WSEL FQ 

NPROF IPLOT PRFVS XSECV XSECH FN ALLDC IBW CHNIM ITRACE 



93080.04 

Alma School Box Culvert 

Red Mountain Alma School Drain 

Filename = 2-8X8SC2.DAT 

DESIGN FLOW CONSISTS OF IGA FLOW OF 847 CFS PLUS HURLEY FLOW 

OF 150 CFS FOR A TOTAL OF 995 CFS 

Tailwater = no flow in Salt River 

ICHECK INQ NINV IDIR STRT METRIC HVINS Q WSEL FQ 

NPROF IPLOT PRNS XSECV XSECH FN ALLDC IBW CHNIM ITRACE 



93080.04 

Alma School Box Culvert 

Red Mountain Alma School Drain 

Filename = 2-BXBSC2.DAT 

DESIGN FLOW CONSISTS OF IGA FLOW OF 847 CFS PLUS HURLEY FLOW 

OF 150 CFS FOR A TOTAL OF 995 CFS 

Tailwater = Pre-Roosevelt 10-yr flow in Salt River 

ICHECK INQ NINV IDIR STRT METRIC HVINS Q WSEL FQ 

NPROF IPLOT PRFVS XSECV XSECH FN ALLDC IBW CHNIM ITRACE 



93080.04 

Alma School Box Culvert 

Red Mountain Alma School Drain 

Filename = 2-8XBSC2.DAT 

DESIGN FLOW CONSISTS OF IGA FLOW OF 847 CFS PLUS HURLEY FLOW 

OF 150 CFS FOR A TOTAL OF 1145 CFS 

Tailwater = Post-Roosevelt 100-yr flow in Salt River 

ICHECK INQ NINV IDIR STRT METRIC HVINS Q WSEL FQ 

NPROF IPLOT PRFVS XSECV XSECH FN ALLDC IBW CHN I M ITRACE 



93080.04 

Alma School Box Culvert 

Red Mountain Alma School Drain 

Filename = 2-8XBSC2.DAT 

DESIGN FLOW CONSISTS OF IGA FLOW OF 847 CFS PLUS HURLEY FLOW 

OF 150 CFS FOR A TOTAL OF 995 CFS 

Tailwater = Pre-Roosevelt 100-yr flow in Salt River 

ICHECK INQ NINV IDIR STRT METRIC HVINS Q WSEL FQ 

NPROF IPLOT PRFVS XSECV XSECH FN ALLDC IBW CHNIM ITRACE 



THIS RUN EXECUTED 30AUG95 16:09:21 

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

HEC-2 WATER SURFACE PROFILES 

Version 4.6.2; May 1991 

.*tt...**......t*.*...t*.*t..*..***~t 

NOTE- ASTERISK ( '1 AT LEFT OF CROSS-SECTION NUMBER INDICATES MESSAGE IN SUMMARY OF ERRORS LIST 

Red Mountain Alma School 

SUMMARY PRINTOUT 

SECNO CWSEL VCH ELMIN DIFWSX 1 DEPTH HV SSTA ENDST FRCH 

1.14 

1.14 

1.14 

.62 

1.14 

1.15 

1.15 

.73 

1.14 

1.14 

1.14 

.63 

1.15 

1.15 

1.15 

.74 

.75 

.75 

.75 

.71 

.77 

.77 

.77 

.76 



SSTA FRCH SECNO CWSEL VCH E L M I N  1 OPWID 1 
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SECNO CWSEL VCH 

4.47 

4.47 

4.47 

4.38 

4.41 

4.41 

4.41 

4.39 

6.24 

6.24 

6.24 

6.14 

6.19 

6.19 

6.19 

6.16 

6.17 

6.17 

6.17 

6.13 

6.30 

6.30 

6.30 

6.29 

7.78 

7.78 

7.78 

7.77 

8.08 

8.08 

8.08 

8.07 

5.60 

5.60 

5.60 

5.60 

5.91 

5.91 

5.91 

5.90 

DIFWSX 

.32 

.32 

.32 

.30 

.27 

.27 

.27 

.26 

.33 

.33 

.33 

.31 

.25 

.25 

.25 

.24 

.83 

.83 

.83 

.79 

.71 

.71 

.71 

.70 

.80 

.80 

.80 

.78 

.71 

.71 

.71 

.70 

.54 

.54 

.54 

.54 

.56 

.56 

.56 

.56 

TOPWID 

46.16 

46.16 

46.16 

46.47 

49.07 

49.07 

49.07 

49.16 

36.28 

36.28 

36.28 

36.49 

38.58 

38.58 

38.58 

38.64 

36.03 

36.03 

36.03 

36.11 

37.84 

37.84 

37.84 

37.87 

30.06 

30.06 

30.06 

30.07 

31.34 

31.34 

31.34 

31.35 

35.07 

35.07 

35.07 

35.08 

36.06 

36.06 

36.06 

36.07 

DEPTH 

5.28 

5.28 

5.28 

5.36 

6.04 

6.04 

6.04 

6.07 

4.81 

4.81 

4.81 

4.87 

5.49 

5.49 

5.49 

5.51 

4.84 

4.84 

4.84 

4.86 

5.40 

5.40 

5.40 

5.41 

4.85 

4.85 

4.85 

4.86 

5.32 

5.32 

5.32 

5.33 

5.18 

5.18 

5.18 

5.18 

5.67 

5.67 

5.67 

5.68 

SSTA 

19978.44 

19978.44 

19978.44 

19978.28 

19976.91 

19976.91 

19976.91 

19976.86 

19981.59 

19981.59 

19981.59 

19981.47 

19980.27 

19980.27 

19980.27 

19980.23 

19982.38 

19982.38 

19982.38 

19982.34 

19981.56 

19981.56 

19981.56 

19981.55 

19981.04 

19981.04 

19981.04 

19981.03 

19980.16 

19980.16 

19980.16 

19980.15 

19975.93 

19975.93 

19975.93 

19975.93 

19975.23 

19975.23 

19975.23 

19975.23 

FRCH 

.39 

.39 

.39 

.38 

.36 

.36 

.36 

.36 

.57 

.57 

.57 

.56 

.53 

.53 

.53 

.53 

.56 

5 6 

.56 

.55 

.54 

.54 

.54 

.54 

.72 

.72 

.72 

.72 

.72 

.72 

.72 

.72 

.48 

.48 

.48 

.48 

. 4 8  

.4 8 

.48 

.48 
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7.48 

7.48 

7.48 

7.47 

7.58 

7.58 

7.58 

7.57 

7.97 

7.97 

7.97 

7.96 

8.05 

8.05 

8.05 

8.04 

8.96 

8.96 

8.96 

8.96 

9.39 

9.39 

9.39 

9.40 

6.05 

6.05 

6.05 

6.05 

6.30 

6.30 

6.30 

6.30 

6.94 

6.94 

6.94 

6.94 

7.23 

7.23 

7.23 

7.23 

DIFWSX 7 'OPWID I SSTA FRCH 
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SUMMARY OF ERRORS AND SPECIAL NOTES 

CAUTION SECNO= ,000 PROFILE= 1 CRITICAL DEPTH ASSUMED 

CAUTION SECNO= ,000 PROFILE= 2 CRITICAL DEPTH ASSUMED 

CAUTION SECNO= .000 PROFILE= 3 CRITICAL DEPTH ASSUMED 

CAUTION SECNO= .000 PROFILE= 5 CRITICAL DEPTH ASSUMED 

CAUTION SECNO= ,000 PROFILE= 6 CRITICAL DEPTH ASSUMED 

CAUTION SECNO= ,000 PROFILE= 7 CRITICAL DEPTH ASSUMED 

CAUTION SECNO- 

CAUTION SECNO= 

CAUTION SECNO= 

CAUTION SECNO= 

CAUTION SECNO= 

CAUTION SECNO= 

CAUTION SECNO= 

CAUTION SECNO= 

CAUTION SECNO= 

CAUTION SECNO= 

CAUTION SECNO= 

CAUTION SECNO= 

CRITICAL DEPTH ASSUMED 

MINIMUM SPECIFIC ENERGY 

CRITICAL DEPTH ASSUMED 

MINIMUM SPECIFIC ENERGY 

CRITICAL DEPTH ASSUMED 

MINIMUM SPECIFIC ENERGY 

CRITICAL DEPTH ASSUMED 

MINIMUM SPECIFIC ENERGY 

CRITICAL DEPTH ASSUMED 

MINIMUM SPECIFIC ENERGY 

CRITICAL DEPTH ASSUMED 

MINIMUM SPECIFIC ENERGY 

WP G SECNO= 4.900 PROFILE= 1 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

WA~L.LNG SECNO= 4.900 PROFILE= 2 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

WARNING SECNO= 4.900 PROFILE= 3 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

WARNING SECNO= 4.900 PROFILE= 5 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

WARNING SECNO= 4.900 PROFILE= 6 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

WARNING SECNO= 4.900 PROFILE= 7 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

WARNING SECNO= 

WARNING SECNO= 

WARNING SECNO= 

WARNING SECNO= 

WARNING SECNO= 

WARNING SECNO= 

WARNING SECNO= 

WARNING SECNO= 

WARNING SECNO= 

WARNING SECNO- 

WARNING SECNO= 

WARNING SECNO= 

WARNING SECNO= 

WARNING SECNO= 

WARNING SECNO= 

WARNING SECNO= 

PROFILE= 

PROFILE= 

PROFILE= 

PROFILE- 

PROFILE= 

PROFILE= 

PROFILE= 

PROFILE= 

PROFILE= 

PROFILE- 

PROFILE= 

PROFILE= 

PROFILE= 

PROFILE= 

PROFILE= 

PROFILE= 

CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

WARNING SECNO= 6.000 PROFILE= 1 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

W1 G SECNO= 6.000 PROFILE* 2 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

WARNING SECNO= 6.000 PROFILE= 3 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

WARNING SECNO= 6.000 PROFILE= 4 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

WARNING SECNO- 6.000 PROFILE- 5 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

WARNING SECNO= 6.000 PROFILE= 6 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 



Wi .G SECNO= 

WARNING SECNO= 

WARNING SECNO= 

WARNING SECNO= 

WARNING SECNO= 

WARNING SECNO= 

WARNING SECNO= 

WARNING SECNO= 

WARNING SECNO= 

WARNING SECNO= 

WARNING SECNO= 

WARNING SECNO= 

WARNING SECNO= 

WARNING SECNO= 

WARNING SECNO= 

WARNING SECNO= 

WARNING SECNO= 

WARNING SECNO= 

WARNING SECNO= 

WARNING SECNO= 

WARNING SECNO= 

WARNING SECNO= 

WK 'G SECNO= 

WAIL -dG SECNO= 

WARNING SECNO= 

WARNING SECNO= 

CAUTION SECNO= 

CAUTION SECNO= 

CAUTION SECNO= 

CAUTION SECNO= 

CAUTION SECNO= 

CAUTION SECNO= 

CAUTION SECNO= 

CAUTION SECNO= 

CAUTION SECNO= 

CAUTION SECNO= 

CAUTION SECNO= 

CAUTION SECNO= 

CAUTION SECNO= 

CAUTION SECNO- 

CAUTION SECNO- 

CAUTION SECNO= 

CAUTION SECNO= 

CAUTION SECNO= 

CAUTION SECNO= 

CAUTION SECNO= 

CAUTION SECNO- 

CI N SECNO= 

CAU'I'ION SECNO. 

CAUTION SECNO= 

PROFILE= 

PROFILE= 

PROFILE= 

PROFILE= 

PROFILE- 

PROFILE= 

PROFILE= 

PROFILE= 

PROFILE= 

PROFILE= 

PROFILE= 

PROFILE= 

PROFILE= 

PROFILE= 

PROFILE= 

PROFILE= 

PROFILE- 

PROFILE= 

PROFILE= 

PROFILE= 

PROFILE= 

PROFILE= 

PROFILE= 

PROFILE= 

PROFILE= 

PROFILE= 

PROFILE= 

PROFILE= 

PROFILE- 

PROFILE= 

PROFILE= 

PROFILE= 

CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

CRITICAL DEPTH ASSUMED 

PROBABLE MINIMUM SPECIFIC ENERGY 

20 TRIALS ATTEMPTED TO BALANCE WSEL 

CRITICAL DEPTH ASSUMED 

PROBABLE MINIMUM SPECIFIC ENERGY 

20 TRIALS ATTEMPTED TO BALANCE WSEL 

CRITICAL DEPTH ASSUMED 

PROBABLE MINIMUM SPECIFIC ENERGY 

20 TRIALS ATTEMPTED TO BALANCE WSEL 

CRITICAL DEPTH ASSUMED 

PROBABLE MINIMUM SPECIFIC ENERGY 

20 TRIALS ATTEMPTED TO BALANCE WSEL 

CRITICAL DEPTH ASSUMED 

PROBABLE MINIMUM SPECIFIC ENERGY 

20 TRIALS ATTEMPTED TO BALANCE WSEL 

CRITICAL DEPTH ASSUMED 

PROBABLE MINIMUM SPECIFIC ENERGY 

20 TRIALS ATTEMPTED TO BALANCE WSEL 

CRITICAL DEPTH ASSUMED 

PROBABLE MINIMUM SPECIFIC ENERGY 

20 TRIALS ATTEMPTED TO BALANCE WSEL 

CRITICAL DEPTH ASSUMED 

PROBABLE MINIMUM SPECIFIC ENERGY 

20 TRIALS ATTEMPTED TO BALANCE WSEL 



WARNING SECNO= 

WARNING SECNO= 

WARNING SECNO= 

WARNING SECNO= 

WARNING SECNO= 

WARNING SECNO= 

WARNING SECNO= 

WARNING SECNO= 

PROFILE= 

PROFILE= 

PROFILE= 

PROFILE= 

PROFILE- 

PROFILE= 

PROFILE= 

PROFILE= 

CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 
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ZURRENT DATE: 12-19-1995 
CLTRENT TIME: 16:38:23 

- y/ /r:/52 ' 7;: , .,. ,-. -- # ,  . a -  

/ g - y / f  54'7- ;TH'iiwr--[c 

k / b/r..ri,y 1 

FILE DATE: 12-18-1995 
FILE NAME: OUTFALL 

. . . . . . . . . . . . . . . . . . . . . . . . . .  FHWA CULVERT ANALYSIS . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . .  HY-8, VERSION 4.0 . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3UMMARY OF CULVERT FLOWS (CFS) FILE: OUTFALL DATE: 12-18-1995 

ELEV (FT) TOTAL 1 2 3 4 5 6 ROADWAY ITR 
1192.00 0 0 0 0 0 0 0 0 1 
1193.56 20 20 0 0 0 0 0 0 1 
''4.49 40 40 0 0 0 0 0 0 1 

-- 5-18 60 60 0 0 0 0 0 0 1 
1195.77 80 80 0 0 0 0 0 0 1 
1196.35 100 100 0 0 0 0 0 0 1 
1196.98 120 120 0 0 0 0 0 0 1 
1197.71 140 140 0 0 0 0 0 0 1 
1198.55 160 160 0 0 0 0 0 0 1 
1199.50 180 180 0 0 0 0 0 0 1 
1200.57 200 200 0 0 0 0 0 0 1 
1218.00 361 361 0 0 0 0 0 OVERTOPPING 

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
CULVERT SHAPE, MATERIAL, INLET 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
BARRELS 
SHAPE SPAN RISE MANNING INLET 
MATERIAL (FT) (FT) n TYPE 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 RCP 4.50 4.50 .012 CONVENTIONAL 

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

C 
u 
L 
V 
# 

1 
2 
3 
4 
5 
6 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SUMMARY OF ITERATIVE SOLUTION ERRORS FILE: OUTFALL DATE: 12-18-1995 

SITE DATA 
. . . . . . . . . . . . . . . . . . . . . . . . . .  
INLET OUTLET CULVERT 
ELEV . ELEV. LENGTH 
(FT) (FT) (FT) 

. . . . . . . . . . . . . . . . . . . . . . . . . .  
1192.00 1175.00 630.23 

HEAD HEAD TOTAL FLOW % FLOW 
ELEV ( FT) ERROR (FT) FLOW ( CFS) ERROR ( CFS ) ERROR 
1192.00 0.00 0 0 0.00 
1193.56 0.00 20 0 0.00 
1194.49 0.00 40 0 0.00 
1195.18 0.00 60 0 0.00 
1195 -77 0.00 80 0 0.00 
1196.35 0.00 100 0 0.00 
1196.98 0.00 120 0 0.00 
1197.71 0.00 14 0 0 0.00 
1198.55 0.00 160 0 0.00 
1199.50 0.00 180 0 0.00 
1200.57 0.00 200 0 0.00 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
el> TOLERANCE (FT) = 0.010 c2> TOLERANCE ( % )  = 1.000 

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



CURRENT DATE: 12-19-1995 
CT -7NT TIME: 16:38:23 

FILE DATE: 12-18-1995 
FILE NAME: OUTFALL 

- - -  
PERFORMANCE CURVE FOR CULVERT # 1 - 1 ( 4.5 BY 4.5 ) RCP 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
DIS- HEAD- INLET OUTLET 
CHARGE WATER CONTROL CONTROL FLOW NORMAL CRITICAL OUTLET TAILWATER 
FLOW ELEV. DEPTH DEPTH TYPE DEPTH DEPTH VEL. DEPTH VEL. DEPTH 
(cf s) (ft) (ft) (ft) <F4> (ft) (ft) (fps) (ft) (fps) (ft) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 1192.00 0.00 0.00 0-NF 0.00 0.00 0.00 0.00 0.00 15.40 
20 1193.56 1.56 1.56 1-Slf 0.69 1.26 1.26 4.50 0.0015.40 
40 1194.49 2.49 2.49 1-Slf 1-01 1.82 2.52 4.50 0.0015.40 
60 1195.18 3.18 3.18 1-Slf 1.25 2.25 3.77 4.50 0.00 15.40 
80 1195.77 3.77 3.77 1-Slf 1.45 2.61 5.03 4.50 0.0015.40 
100 1196.35 4.35 4.35 1-Slf 1.63 2.93 6.29 4.50 0.0015.40 
120 1196.98 4.98 4.98 1-Slf 1.81 3.22 7.55 4.50 0.00 15.40 
140 1197.71 5.71 5.71 1-Slf 1.97 3.47 8.80 4.50 0.00 15.40 
160 1198.55 6.55 6.55 1-Slf 2.13 3.68 10.06 4.50 0.00 15.40 
180 1199.50 7.50 5.25 4-FFt 2.28 3.86 11.32 4.50 0.0015.40 
200 1200.57 8.57 6.86 4-FFt 2.43 4.03 12.58 4.50 0.00 15.40 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
El. inlet face invert 1192.00 ft El. outlet invert 1175.00 ft 
El. inlet throat invert 0.00 ft El. inlet crest 0.00 ft 

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

* + ' * +  SITE DATA *****  CULVERT INVERT + * + * * * + * f f * + f f  

INLET STATION (FT) 0.00 
INLET ELEVATION (FT) 1192.00 
OUTLET STATION (FT) 630.00 
OUTLET ELEVATION (FT) 1175.00 
NUMBER OF BARRELS 1 
SLOPE (v-FT/H-FT) 0.0270 
CULVERT LENGTH ALONG SLOPE (FT) 630.23 

f + * f f  CULVERT DATA SUMMARY f + f f + * * f f + f f f f f * * f + f f * * t  

BARREL SHAPE CIRCULAR 
BARREL DIAMETER 4.50 FT 
BARREL MATERIAL CONCRETE 
BARREL MANNING'S N 0.012 
INLET TYPE CONVENTIONAL 
INLET EDGE AND WALL BEVELED EDGE (1:l) 
INLET DEPRESSION NONE 



"RENT DATE: 12-19-1995 
C' 'NTTIME: 16:38:23 

FILE DATE: 12-18-1995 
FILE NAME: OUTFALL 

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

. . . . . . . . . . . . . . . . . . . . . . . . . .  TAILWATER . . . . . . . . . . . . . . . . . . . . . . . . . .  

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

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

CONSTANT WATER SURFACE ELEVATION 
1190 -40 

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

. . . . . . . . . . . . . . . . . . . . . . . . . .  ROADWAY OVERTOPPING DATA . . . . . . . . . . . . . . . . . . . . . . . . . .  

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

ROADWAY SURFACE 
EMBANKMENT TOP WIDTH (FT) 
CREST LENGTH (FT) 
OVERTOPPING CREST ELEVATION (FT) 

PAVED 
200.00 

1000.00 
1218.00 



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

* F L O W  HYDROGRAPH PACKAGE (HEC-1) * 
t MAY 1991 

VERSION 4.0.1E * 

RUN DATE 0 1 / 2 2 / 9 6  TIME 11:32:37 

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

X X XXXXXXX 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 XXXXXXX XXXXX XXX 

U.S. ARMY CORPS OF ENGINEERS 
HYDROLOGIC ENGINEERING CENTER 

* 6 0 9  SECOND STREET * 
DAVIS, CALIFORNIA 9 5 6 1 6  

(916) 5 5 1 - 1 7 4 8  

T H I S  PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HEC1 (JAN 731, HECIGS, HEClDB, AND HECIKU. 

THE DEFINIT IONS OF VARIABLES -RTIMP- AND -RTIOR- H A M  CHANGED FROM THOSE USED WITH THE 1973-STYLE I N W T  STRUCTURE. 
THE DEFINIT ION OF -AMSKK- CN RM-CARD UAS CHANGED U I T H  REVISIONS DATED 28 SEP 81. T H I S  I S  THE FORTRAN77 VERSION 
NEU OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE , SINGLE E M N T  D M G E  CALCULATION, DSS:URITE STAGE FREQUENCY, 
DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT INFILTRATICN 
KINEMATIC UAVE: NEW F I N I T E  DIFFERENCE ALGORITHM 



HEC-1 INPUT 

L I N E  

I D  R e d  M o u n t a i n  F r e e u a y  - P h a s e  I 1  
I D  D e t e n t i o n  B a s i n  S t a  490+00 
I D  1 0 0 - Y e a r ,  2 4 - H w r  S t o r m  
I D  HEC- I  HYPOTHETHICAL RAINFALL DISTRIBUTION 
I D  RAINFALL DEPTHS I N  PH RECORD BASED ON PREFRE OUTPUT 
I D  CLARK UNIT HYDROGRAPH 
I D  GREEN-AMPT SOIL  LOSS PARAMETERS 
I D  DETENTION BASIN DISCHARGE ELEVATION BASED ON HY8 ANALYSIS 
I D  OUTLET CULVERT: 24"x  23b1, 1 2 0 3  INLET ELEV., I 2 W O U T L E T  ELEV. 
I D  FILENAME: BASIN49O.DAT fa) / 
I T  5 2 2 0  
I0  3 
*D I AGRAM 

KK SUB490 
KM RUNOFF FROM SUBBASIN 4 9 0  CONTRIBUTING TO DETENTION BASIN 
BA - 0 2 2 3  
PH .71 1.41 2.38 2.59 2.73 3 .00  3.30 
LG -064 .32 5.0 .25 73 
UC .I23 . I 5 1  
u A o 5 16 30 6s n 84 90 9 4  
UA 1 0 0  

KK 8 4 9 0  
KM RESERVOIR ROUTE OF DETENTION BASIN AT STA 490+00 
RS 1 STOR - 1 0 
S A 0 - 8 5 3  1 .439  1.954 2 .207  
SE 1 2 0 3  1 2 0 4  1 2 0 5  1206 1206.5 
SQ 0 5 1 0  1 5  2 0  2 5  3 0  
SE 1 2 0 3  1204.1 1204.6 1205.1 1205.8  1206.6 1208.1 
zz 
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* FLOOO HYDROGRAPH PACKAGE (HEC-1) * 
t MAY 1991 

VERSION 4.0.1E * 

RUN DATE 0 1 / 2 2 / 9 6  TIME 11:32:37 

U.S. ARMY CORPS OF ENGINEERS 
HYDROLOGIC ENGINEERING CENTER 

6 0 9  SECOND STREET 
* DAVIS, CALIFORNIA 95616 

(916) 5 5 1 - 1 7 4 8  

R e d  M o u n t a i n  F r e e w a y  - P h a s e  I 1  
D e t e n t i o n  B a s i n  S t a  490+00 
1 0 0 - Y e a r ,  2 4 - H o u r  S t o r m  
HEC-1 HYPOTHETHICAL RAINFALL DISTRIBUTIOW 
RAINFALL DEPTHS I N  PH RECORD BASED ON PREFRE OUTPUT 
CLARK U N I T  HYDROGRAPH 
GREEN-AMPT SOIL  LOSS PARAMETERS 
DETENTION BASIN DISCHARGE ELEVATION BASED ON HY8 ANALYSIS 
OUTLET CULVERT: 2 4 " x  2Mf, 1 2 0 3  INLET ELEV., 1 2 0 0  OUTLET ELEV. 
F I L E N N E :  BASIN490.DAT 

1 2  I0  OUTPUT CONTROL VARIABLES 

I PRNT 3 PRINT CONTROL 
I PLOT 0 PLOT CONTROL 
QSCAL 0. HYDROGRAPH PLOT SCALE 

I T  HYDROGRAPH TIME DATA 
NMIN 5 MINUTES I N  COMPUTATION INTERVAL 

IDATE 1 0 STARTING DATE 
I T I M E  0 0 0 0  STARTING TIME 

NQ 220 NUMBER OF HYDROGRAPH ORDINATES 
NDDATE 1 0 ENDING DATE 
NDTIME 1 8 1 5  ENDING TIME 
I CENT 19 CENTURY MARK 

COMPUTATION INTERVAL 0 .08  HOURS 
TOTAL T lME BASE 18.25 HOURS 

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

RUNOFF FROM SUBBASIN 4 9 0  CONTRIBUTING TO DETENTION BASIN 

SUBBASIN RUNOFF DATA 

15 BA SUBBASIN CHARACTERISTICS 



TAREA 0.02 SUBBASIN AREA 

PRECIPITATION DATA 

16 PH DEPTHS FOR 0-PERCENT HYPOTHETICAL STORM 
..... HYDRO-35 ...... ............... TP-40 ............... ........... TP-49 ........... 
5-MIN 15-MIN 60-MIN 2-HR 3-HR 6-HR 12-HR 24-HR 2-DAY 4-DAY 7-DAY 10-DAY 
0.71 1.41 2.38 2.59 2.73 3.00 3.30 3.60 0.00 0.00 0.00 0.00 

STORM AREA = 0.02 

17 LG GREEN AND AMPT LOSS RATE 
STRTL 0.06 STARTING LOSS 

OTH 0.32 MOISTURE DEFICIT 
PSIF 5.00 WETTING FRONT SUCTION 

XKSAT 0.25 HYDRAULIC CONDUCTIVITY 
RTIMP 73.00 PERCENT IMPERVIOUS AREA 

18 UC CLARK UNITGRAPH 
TC 0.12 TIME OF CONCENTRATION 
R 0.15 STORAGE COEFFICIENT 

19 UA ACCUMULATED-AREA VS. TIME, 11 ORDINATES 
0.0 5.0 16.0 30.0 65.0 77.0 84.0 90.0 94.0 97.0 

100.0 

UNIT HYDROGRAPH PARAMETERS 
CLARK TC= 0.12 HR, R= 0.15 HR 

SNYDER TP= 0.11 HR, CP= 0.51 

UNIT HYDROGRAPH 
11 END-OF-PERIOD ORDINATES 

33. 56. 36. 20. 12. 7. 4. 
0. 

HYDROGRAPH AT STATION SUB490 

TOTAL RAINFALL = 3.48, TOTAL LOSS = 0.49, TOTAL EXCESS = 2.99 

PEAKFLOU TIME MAXIMUM AVERAGE FLOU 
(CFS) (HR) 6- HR 24-HR 72-HR 18.25-HR 

68. 9.25 (CFS) 6. 2. 2. 2. 
(INCHES) 2.629 2.974 2.974 2.974 
(AC-FT) 3. 4. 4. 4. 

CUMULATIVE AREA = 0.02 SP MI 

************H 

21KK 8490 

************H 

RESERVOIR ROUTE OF DETENTION BASIN AT STA 490+0D 

HYDROGRAPH ROUTING DATA 



23 RS STORAGE ROUTING 
NSTPS 1 NUMBER OF SUBREACHES 

ITYP STOR TYPE OF INITIAL CONDITION 
RSVR l C -1.00 INITIAL CONDITION 

X 0.00 WORKING R AN0 D COEFFICIENT 

24 SA AREA 0.0 0.9 1.4 2.0 2.2 

25 SE ELEVATION 1203.00 1204.00 1205.00 1206.00 1206.50 

26 sa D I SCHARGE 0. 5. 10. 15. 20. 25. 30. 

27 SE ELEVATION 1203.00 1204.10 1204.60 1205.10 1205.80 1206.60 1208.10 

COHPUTED STORAGE-ELEVATION OATA 

STORAGE 0.00 0.28 1.42 3.11 4.15 
ELEVATION 1203.00 1204.00 1205.00 1206.00 1206.50 

COMPUTED STORAGE-OUTFLOW-ELEVATION OATA 

STORAGE 0.00 0.28 0.37 0.89 1.42 1.56 2.73 3.11 4.15 4.37 
OUTFLOW 0.00 4.55 5.00 10.00 14.00 15.00 20.00 21.25 24.38 25.00 

ELEVATION 1203.00 1204.00 1204.10 1204.60 1205.00 1205.10 1205.80 1206.00 1206.50 1206.60 

STORAGE 8.39 
OUTFLOU 30.00 

ELEVATION 1208.10 

HYDROGRAPH AT STATION 8490 

PEAK FLOU TIME MAXIMUM AVERAGE FLOW 
(CFS) (HR) 6-HR 24-HR 72-HR 18.25-HR 

16. 9.67 (CFS) 6. 2. 2. 2. 
(INCHES) 2.593 2.959 2.959 2.959 

(AC-FT) 3. 4. 4. 4. 

PEAK STORAGE TIME 
(AC-FT) (HR) 

2. 9.67 

PEAK STAGE TIME 
(FEET) (HR) 

1205.25 9.67 

MAXIMUM AVERAGE STORAGE 
6- HR 24-HR 72-HR 18.25-HR 

1. 0. 0. 0. 

MAXIMUM AVERAGE STAGE 
6-HR 24-HR 72-HR 18.25-HR 

1204.05 1203.41 1203.41 1203.41 

CUMULATIVE AREA = 0.02 SP M I  



RUNOFF SUMMARY 
FLOW I N  CUBIC FEET PER SECOND 

T I M E  I N  HOURS, AREA I N  SQUARE M I L E S  

PEAK T I M E  OF AVERAGE FLOW FOR MAXIMUM PERIOO B A S I N  MAXIMUM T I M E O F  
OPERATION STAT I O N  FLOU PEAK 6-HOUR 24-HOUR 72-HOUR AREA STAGE MAX STAGE 

HYDROGRAPH AT SUB490 68. 9.25 6. 2 .  2. 0 . 0 2  

ROUTED TO 8 4 9 0  16. 9.67 6. 2. 2. 0.02 1 2 0 5 . 2 5  

*** NORMAL END OF HEC-1 "* 



ZURRENT DATE: 01-10-1996 
ZmSENT TIME: 11:16:33 

FILE DATE: 12-13-1995 
FILE NAME: BASIN490 

. . . . . . . . . . . . . . . . . . . . . . . . . .  FHWA CULVERT ANALYSIS . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . .  HY-8, VERSION 4.0 . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
FILE: BASIN490 CULVERT HEADWATER ELEVATION (FT) DATE: 12-13-1995 

D I S CHARGE 1 2 3 4 5 6 ROADWAY 
0 1203.00 0.00 0.00 0.00 0.00 0.00 1211.30 
5 1204.09 0.00 0.00 0.00 0.00 0.00 1211.31 

x + 10 1204.64 0.00 0.00 0.00 0.00 0.00 1211.32 
15 1205.14 0.00 0.00 0.00 0.00 0.00 1211.33 
20 1205.77 0.00 0.00 0.00 0.00 0.00 1211.34 
25 1206.58 0.00 0.00 0.00 0.00 0.00 1211.34 
30 1208.12 0.00 0.00 0.00 0.00 0.00 1211.35 
35 1210.03 0.00 0.00 0.00 0.00 0.00 1211.35 
40 1212.19 0.00 0.00 0.00 0.00 0.00 1211.36 
45 1214.63 0.00 0.00 0.00 0.00 0.00 1211.36 
50 1217.35 0.00 0.00 0.00 0.00 0.00 1211.37 
50 1217.35 0.00 0.00 0.00 0.00 0.00 0.00 

The above Q and HW are for a point above the roadway. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
CULVERT SHAPE, MATERIAL, INLET 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
BARRELS 
SHAPE SPAN RISE MANNING INLET 
MATERIAL (FT) (FT) n TYPE 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 RCP 2.00 2.00 .012 CONVENTIONAL 

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

C 
u 
L 
V 
# 

1 
2 
3 
4 
5 
6 

SITE DATA 
. . . . . . . . . . . . . . . . . . . . . . . . . .  
INLET OUTLET CULVERT 
ELEV . ELEV. LENGTH 
(FT) (FT) (FT) 

. . . . . . . . . . . . . . . . . . . . . . . . . .  
1203.00 1201.00 232.76 



ZIPRENT DATE: 01-10-1996 
C1 YT TIME: 11:16:33 

FILE DATE: 12-13-1995 
FILE NAME: BASIN490 

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

. . . . . . . . . . . . . . . . . . . . . . . . . .  TAILWATER . . . . . . . . . . . . . . . . . . . . . . . . . .  

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

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

CONSTANT WATER SURFACE ELEVATION 
1198.00 

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

. . . . . . . . . . . . . . . . . . . . . . . . . .  ROADWAY OVERTOPPING DATA . . . . . . . . . . . . . . . . . . . . . . . . . .  

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

ROADWAY SURFACE 
EMBANKMENT TOP WIDTH (FT) 
CREST LENGTH (FT)  
OVERTOPPING CREST ELEVATION (FT) 

PAVED 
200.00 

1000.00 
1211.30 
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Roadway Drainage Area 

Rainfall Intensity = 
Runoff Coefficient = 

Basin 
No. 

Eastbound 
150 
1 56 
159 
158 
157 
160 
161 

Phase 3 
Phase 3 

Westbound 
151 
1 54 
153 
152 

Phase 3 
Phase 3 
Phase 3 

Basin 
Station 

Totals 

FILE: C:\WKS-DATA\STA490.WB2 

Area Discharge 
(Ac) (cfs) 
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APPENDIX D 

Storm Drain Hydraulic Grade Line Calculations 



Intensity Duration Frequency Curve 
, 

Project Title: Red Mountain Freeway 
c:vlaeslad\strncut25_29.slm 
12101195 10:58:53 AM 

0 2 years 
5 years 

A 10 years 
25 years 
5 0  years 

A 100 years 

15.0 20.0 25.0 30.0 35.0 40.0 45.0 50.0 55.0 60.0 
Duration (min) 

Stanley Consultants 
0 Haestad Methods. Inc. 37 Brookside Road Waterbury, CT 06708 USA (203) 755-1666 

Project Engineer: Jeffrey R. Minch 
StorrnCAD v1.0 
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STANLEY CONSULTANTS 
;'z,/&~ 

Job No. Page No. 
VRd9 oate / ~ , / ~ / L / ~  Subject p ~ /  // :?p -[.-,L /z .f I?(/: ~4,j-T Co~nputed by 

Checked by Date ,A',& 5?i+'&,5,fdg ,!$/<?& 

Reviewed by Date 

Approved by Date sheet NO. of 



THYSYS 
TEXAS DEPARTMENT OF TRANSPORTATION 

TEXAS HYDRAULICS SYSTEM 
THYSYS 

Stanley Consultants, Inc. - Phoenix, AZ (Project No. 12168) 
S Storm Sewer Hydraulic Grade Line Analysis for  Red Mtn. Freeway 
S 10-Year Hydrology using ADOT Methodology 
S SYSTEM l1Al1 - Price Road Out fa l l  Box Culvert 
s 
S LETTER REPRESENTS 
s - - - - - -  - - - - - - - - - - - -  
S C CATCH BASIN 
S M MANHOLE 
S L ELBOW 
S J JUNCTION 
s 
S RUT I D ' S  correspond t o  the construction plans pipe run labels. 
S Out fa l l  t o  the Price Road T u n e l  assuned o r i f i c e  flow through 
S the top of  the box f o r  a l l  the contr ibut ing drainage area. 
s 
SEWER ANALYSIS SEWER FREQUENCY= l D Y R  
$ AREA ID DRAINAGE SUBAREAS A THRU F T I M E  CONCEN. M I N .  DEGN I N C  SUPPLY** 
SLlNEINLETA B C D E F LEN VEL TC SIZE 3 O R 6  Q 

- - -  - - - -  - - - -  - - - -  - - - -  - - - -  - - - -  - - - - -  - - - -  - - - -  - -  - - - - - -  
DA C 10 24 6 4.8 
DA C 11 1.5 
DA C 12 2.6 
DA C 13 6.1 
DA C 14 8.0 
DA C 15 8.3 
DA C 16 3.8 
3A C 17 3.0 

Star t ing water-surface elevation based upon o r i f i c e  f low i n t o  the 
Pr ice Road Tune l  w t f a l l  fo r  the u l t imate contr ibut ing discharge. 

OUTLET STATIONING 0 T.W. ELEV 1174.70 M 15 
S RUN I D  U.S. D.S. SOFFIT SOFFIT RUN CA Q N LOSS MAX 
S L IN L I N  ELEV ELEV LEN ADD ADD COEF RISE 
$* - - -  - - -  - - -  US-------  D S - - - - - - -  - - - -  - - - -  - - - -  - - - -  - - - -  - - - -  - - - -  
DSGN A8 C 15 M 12 US1183.46 DS1181.70 186 .012 24 C I R C  
DSGN 6A M 12 J 12 US1181.70 DS1180.27 120 .012 24 C I R C  
DSGN A7 C 14 J 12 US1180.52 DS1180.27 14 .012 24 C I R C  
DSGN 68 J 12 M 11 US1180.27 DS1177.90 199 .Dl2 24 C I R C  
DSGN A5 C 13 M 11 US1179.67 DS1177.90 94 .012 24 C I R C  
DSGN 2A M 11 J 11 USl177.90 DS1176.85 130 -012 30 C I R C  
DSGN A4 C 12 J 11 US1179.96 DS1176.60 6 . .012 24 C I R C  
DSGN 2B J 11 J 10 US1176.85 DS1176.01 105 .012 30 C I R C  
DSGN A3 C 11 J 10 US1179.86 DS1175.76 3 .012 24 C I R C  
DSGN 2C J 10 M 10 US1176.01 DS1175.90 14 .012 30 C I R C  
DSGN A1 C 10 M 10 US1179.96 DS1178.20 92 -012 24 C I R C  
DSGN A9 C 16 M 13 uS1180.07 DS1180.00 8 .012 24 C I R C  
DSGN 11A M 13 J 13 US1180.00 DS1179.21 100 .012 24 C I R C  
DSGN A10 C 17 J 13 US1180.33 DS1179.21 8 .012 24 C I R C  
DSGN 110 J 13 M 14 US1179.21 DS1179.05 20 .012 24 C l R C  
DSGN A12 M 14 M 10 USl179.00 DSll76.70 168 .012 24 C l R C  
DSGN A13 M 10 M 15 US1183.03 DS1183.02 1 -012 168 C I R C  
s 
S Run A13 included because program w i l l  not allow 
S ou t f a l l  t o  also be a junction. 
s 
S RUN I D  U.S. D.S. BARR RISE SPAN HEAD 
S L I N  L I N  NO. LOSS 
*- - - -  - - -  - - -  - - - -  - - - -  - - - -  - - - - -  

- A8 C 15 M 12 24 
ANAL 6A M 12 J 12 24 
ANAL A7 C 14 J 12 24 
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ANAL 68 J 12 M 11 
ANAL A5 C 13 M 11 
ANAL 2A M 11 J 11 
ANAL A4 C 12 J 11 

'L 2B J 1 1 J 1 0  
,L A3 C 11 J 10 

ANAL 2C J 10 M 10 
ANAL A1 C 10 M 10 
ANAL A9 C 1 6 M  13 
ANAL 11A M 13 J 13 
ANAL A10 C 17 J 13 
ANAL 110 J 13 H 14 
ANAL A12 M 14 M 10 
ANAL A13 M 10 M 15 
ENDATA 



TEXAS DEPARTMENT OF TRANSPORTATION 
TEXAS HYDRAULICS SYSTEM 

THYSYS 

SEWER 

CUMULATIVE RUNOFF CALCULATIONS FOR PIPE RUNS 

RUN 
A8 
6A 
A7 
60 
A5 
ZA 
A4 
20 
A3 
ZC 
A1 
A9 

11A 
A10 
110 
A12 
A13 

U.S. D.S. 
I.D. I.D. 
C15 M12 
MI2 J12 
C14 J12 
J12 MI1 
C13 MI1 
M I 1  J11 

C12 J11 
J11 J10 
C11 J10 
J10 MI0 
C10 MI0 
Cl6 MI3 
MI3 J13 
C17 J13 
J13 MI4 
MI4 MI0 
MI0 MI5 

AREA 
-00 
.oo 
.oo 
.oo 
.oo 
-00 
.oo 
.oo 
-00 
.oo 
. 00 
.oo 
.oo 
.OD 
.oo 
.oo 
.01) 

CUMULATIVE 
IICAII I I T C I I  

.oo .oo 
-00 .oo 
.oo -00 
-00 .oo 
.oo .oo 
.oo -00 
.oo -00 
.oo -00 
.oo .oo 
.DO .oo 
-00 .oo 
.oo .oo 
.oo -00 
.oo .oo 
.oo .oo 
.oo -00 
-00 .oo 

SUPPLY Q 
. 00 
.oo 
.oo 
. 00 
.oo 
-00 
-00 
. 00 
.oo 
. 00 
.oo 
-00 
. 00 
-00 
. 00 
-00 
. 00 

INTENSITY 
. 00 
.oo 
.oo 
.oo 
.oo 
-00 
.oo 
. 00 
.OD 
.oo 
.oo 
-00 
.oo 
-00 
.oo 
.oo 
. 00 

Page 2 
DOS- VER 2.4.2 1992 

21-Oct-1995 1:49 

FLOW 
8.30 
8.30 
8.00 

16.30 
6.10 

22.40 
2.60 

25.00 
1 .50 

26.50 
4.80 
3.80 
3.80 
3.00 
6.80 
6.80 

38.10 



THYSYS 

RUN 

TEXAS DEPARTMENT OF TRANSPORTATION 

TEXAS HYDRAULICS SYSTEM 

THYSYS 

S E E R  

SEWER ANALYSIS  
CONFIGURATION DATA 

U.S. D.S. 
U.S. D.S. F.L. F.L. LENGTH 

I D  I D  ELEV E L E V  FEET SLOPE BBLS R I S E  SPAN SHAPE 

24 C I R C  
24 C I R C  
24 C I R C  

24 C I R C  

24 C I R C  

3 0  C I R C  
24 C I R C  
30 C I R C  
24 C I R C  
30 C I R C  
24 C I R C  

24 C I R C  
24 C I R C  
24 C I R C  
24 C I R C  

24 C I R C  
168 C I R C  

P a g e  3 
0 0 s -  VER 2.4.2 1992 

21-Oct-1995 1 :49  



THYSYS 

TEXAS DEPARTMENT OF TRANSPORTATION 
TEXAS HYDRAULICS SYSTEM 

THYSYS 

HYDRAULIC DATA 

U.S. D.S. JUNC U.S. O.S. HYDR. PIPE 
RUN I D  I 0  IN' LOSS FLOW HEAD HEAD GRAD DEPTH VELOC. CAPAC. 

ENTRANCE CONTROLS. TOTAL HEAD AT UPSTREAM EN0 FOR RUN NO. A8 IS 
A8 C15 Ml2 .Ol2 .OO 8.30 1182.98 1180.52 .00115 
6A Ml2 J12 .Ol2 .OO 8.30 1180.46 1179.39 .00115 
ENTRANCE CONTROLS. TOTAL HEAD AT UPSTREAM END FOR RUN NO. A7 IS 
A7 C14 J12 -012 .00 8.00 1180.01 1179.39 .00107 
68 J12 M l l  .012 .OO 16.30 1179.39 1177.02 -00442 
ENTRANCE CONTROLS. TOTAL HEAD AT UPSTREAM EN0 FOR RUN NO. A5 IS 
AS C13 M l l  -012 .OO 6.10 1178.93 1176.75 -00062 
ZA M l l  J11 .012 .OO 22.40 1176.75 1175.80 -00254 
ENTRANCE CONTROLS. TOTAL HEAD AT UPSTREAM END FOR RUN NO. A4 IS 
A4 C12 J11 .012 .OO 2.60 1178.75 1175.80 .00011 
2B J11 J10 -012 .OO 25.00 1175.80 1175.01 -00317 
ENTRANCE CONTROLS. TOTAL HEAD AT UPSTREAM END FOR RUN NO. A3 IS 
A3 C11 J10 -012 .OO 1.50 1178.47 1175.01 .OODO4 
2C J10 MI0 .012 .OO 26.50 1175.01 1174.90 .00356 
ENTRANCE CONTROLS. TOTAL HEAD AT UPSTREAM EN0 FOR RUN NO. A1 IS 
A1 C10 HI0 -012 -00 4.80 1179.06 1176.70 -00038 
ENTRANCE CONTROLS. TOTAL HEAD AT UPSTREAM EN0 FOR RUN NO. A9 IS 
A9 Cl6 M13 -012 .OO 3.80 1179.04 1178.56 .00024 

11A MI3 J13 .012 .OO 3.80 1178.56 1177.97 .00024 
ENTRANCE CONTROLS. TOTAL HEAD AT UPSTREAM EN0 FOR RUN NO. A10 IS 

A10 C17 J13 .012 -00 3.00 1179.18 1177.97 -00015 
11B J13 MI4 .012 .OO 6.80 1177.97 1177.81 .00077 
A12 MI4 M l O  -012 -00 6.80 1177.66 1175.36 .00077 
A13 M l O  MI5 .012 .OO 38.10 1174.70 1174.70 -00000 
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SEU0071--*PIPE FLOU DEPTH > NORMAL DEPTH DUE TO DOWNSTREAM CONTROL, NOT INSUFFICIENT CAPACITY- VELOCITY IS 
BASED ON ELEVATION OF HYDRAULIC GRADE LINE AT DOWWSTREAM ELEVATION. 

JUNCTION LOSSES MAY NEED TO BE CONSIDERED AT SUBMERGED JUNCTIONS 
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THYSYS 

TEXAS DEPARTMENT OF TRANSPORTATION 
TEXAS HYDRAULICS SYSTEM 

THYSYS 

Stanley Consultants, Inc. - Phoenix, AZ (Pro jec t  No. 12168) 

S Storm Seuer Hydraul ic Grade L ine Analysis f o r  Red Mtn. Freeway 
f 10-Year Hydrology us ing ADOT Methodology 
S SYSTEM llB1l - O u t f a l l  t o  Lined Channel 
s 
S LETTER REPRESENTS 

f C CATCH BASIN 
S M MANHOLE 
S L ELBOU 
S J JUNCTIW 
s 
S R m  ID'S correspond t o  the const ruc t ion plans p ipe run  Labels. 
s 
SEER ANALYSIS SEUER FREQUENCY= 1OYR 
S AREA ID DRAINAGE SUBAREAS A THRU F TIME CONCEN. MIN. DEGN INC SUPPLYt* 
S L l N E I N L E T A  B C D E F LEN VEL TC S I Z E  3 O R 6  P 

DA C 20 24 6 2.9 
DA C 21 1 .O 
DA C 22 0.9 
S Assumed s t a r t i n g  uater -sur face e leva t i on  a t  the top o f  the 
S p ipe  uhich approximates the 100-year event o f f - s i t e  peak f l ou .  
OUTLET STATIONING 0 T.U. ELEV 1182.27 E 20 
S RUN ID U.S. D.S. SOFFIT SOFFIT RUN CA Q N LOSS MAX 
S L IN L IN ELEV ELEV LEN ADD ADD COEF RISE 

3SGN B1 C 20 C 21 US1187.28 DS1186.17 150 .012 24 CIRC 
1 02 C 21 C 22 US1186.17 DS1185.18 98 -012 24 CIRC . , r  83 C 22 E 20 US1185.18 DS1182.27 256 .012 24 CIRC 

S RUN ID U.S. D.S. BARR RISE SPAN HEAD 
S L IN L IN NO. LOSS 
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ANAL 81 C 20 C 21 24 
ANAL 02 C 21 C 22 24 
ANAL 83 C 22 E 20 24 
ENDATA 



THYSYS 

TEXAS DEPARTMENT OF TRANSPORTATION 
TEXAS HYDRAULICS SYSTEM 

THYSYS 

SEWER 

CUMULATIM RUNOFF CALCULATIONS FOR PIPE RUNS 

U.S. O.S. CUMULATIVE 
RUN I.D. I.D. IICAII IITCII AREA "CA" "TC" SUPPLY Q INTENSITY 

81 C20 C21 . 00 . 00 . 00 .00 .OO -00 . 00 

82 CZ1 CZ2 .00 -00 -00 .OO .OO .OO .00 

83 C22 E2O .OO -00 -00 -00 -00 -00 -00 
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FLOW 
2.90 
3.90 
4.80 



THYSYS 

TEXAS DEPARTMENT OF TRANSPORTATION 
TEXAS HYDRAULICS SYSTEM 

THYSYS 

SEWER 

SEWER ANALYSIS 
CONFIGURATION DATA 

U.S.  D.S. 
U.S.  D.S.  F .L .  F .L .  LENGTH 

RUN I D  I D  ELEV ELEV FEET SLOPE BBLS R I S E  SPAN SHAPE 

B1 C20 C21 1185.28 1184.17 150 -00740 1 24 24 C l R C  
02 C21 C22 1184.17 1183.18 98 .01010 1 24 24 C I R C  
8 3  CZ2 E20 1183.18 1180.27 256 .01137 1 24 24 C I R C  

P a g e  3 
DOS- VER 2.4.2 1992 

21-Oct-1995 3:52 



THYSYS 

TEXAS DEPARTMENT OF TRANSPORTATION 
TEXAS HYDRAULICS SYSTEM 

THYSYS 

P a g e  4 
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HYDRAULIC DATA 

U.S. D.S. JUNC U.S. D.S. HYDR. P I P E  
RUN I D  I D  'N' LOSS FLOW HEAD HEAD GRAD DEPTH VELOC. CAPAC. 

ENTRANCE CONTROLS. TOTAL HEAD AT UPSTREAM END FOR RUN NO. B 1  I S  .83 
B 1  C2O C21 - 0 1 2  -00 2.90 1186.11 1184.71 .00014 .25 4.2* 21.1 
B 2  C 2 1  C22 - 0 1 2  .OO 3.90 1184.71 1183.76 .00025 .27  5.2* 24 .6  
8 3  C22 E2O .012  .OO 4 .80  1183.76 1 1 8 2 . 2 7  . 0 0 0 3 8  - 2 9  1.5** 26.1 

SEU0069--**PIPE FLOWING FULL DUE TO DOWNSTREAM CONTROL, NOT INSUFFICIENT CAPACITY- VELOCITY I S  BASED ON FULL FLOW. 
JUNCTION LOSSES MAY NEED TO BE CONSIDERED AT SUBMERGED JUNCTIONS 

SEU0071--*PIPE FLOW DEPTH > NORMAL DEPTH DUE TO DOWNSTREAM CONTROL, NOT INSUFFICIENT CAPACITY- VELOCITY I S  
BASED ON ELEVATION OF HYDRAULIC GRADE L I N E  AT DOVNSTREAM ELEVATION. 

JUNCTION LOSSES MAY NEED TO BE CONSIDERED AT SUBMERGED JUNCTIONS 



THYSYS 

RUN 

TEXAS DEPARTMENT OF TRANSPORTATION 
TEXAS HYDRAULICS SYSTEM 

THYSYS 

STATIONING 

UPSTREAM 
JUNCTION I D  STATIONING 
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THYSYS 

TEXAS DEPARTMENT OF TRANSPORTATION 
TEXAS HYDRAULICS SYSTEM 

THYSYS 

Stanley Consultants, Inc. - Phoenix, AZ (Project No. 12168) 
S Storm Seuer Hydraulic Grade Line Analysis for  Red Mtn. Freeuay 
f 10-Year Hydrology using ADOT Methodology 
f SYSTEM "C" 
s 
S LETTER REPRESENTS 

S C CATCH BASIN 
S M MANHOLE 
S L ELBOU 
S J JUNCTION 
s 
S Run ID'S correspond t o  the construct ion plans pipe run Labels. 
S This system col lects  the westbound mainl ine runoff and o u t f a l l s  
S t o  the o f f - s i t e  drainage chamel. 
s 
S Junction head Losses calculated using ASCE No. 7 7  (1992). 
S h j  = hv(out1et) - 0.25(hv(inlet)) 
S h j  = minor junct ion Losses ( f t )  
S hv = ve loc i t y  head ( f t )  
s 
S Discharge added at  MH 30 (8.2 c fs )  t o  intercept estimated addi t ional  
S roadway runoff  from W-S and W-N Rarrp. 
S 
SEVER ANALYSIS SEWER FREQUENCY= l O Y R  
f AREA ID DRAINAGE SUBAREAS A THRU F T I M E  CONCEN. MIN. DEGN 1NC SUPPLY** 
SLINEINLETA B C D E F LEN VEL TC SIZE 3 O R 6  Q 

S A s s d  s ta r t ing  uater-surface e levat ion at  the top o f  the pipe. 
OUTLET STATIONING 0 T.U. ELEV 1180.15 E 30 
S RUN ID U.S. D.S. SOFFIT SOFFIT RUN CA Q N LOSS MAX 
S L I N L I N  ELEV ELEV LEN ADD ADD C M F  RISE 
f* - - -  - - -  - - -  US-------  DS-------  - - - -  - - - -  - - - -  - - - -  - - - -  - - - -  - - - -  
DSGN 1A C 33 J 30 US1182.31 DS1181.41 165 -012 24 C I R C  
DSGN C3 C 32 J 30 US1181.67 DS1181.41 8 .012 24 C I R C  
DSGN 2A J 30 M 30 US1181.41 DS1180.95 85 -012 24 CIRC 
DSGN C2 H 30 C 31 US1180.95 DS1180.54 93 .012 24 CIRC 
DSGN C6 C 31 E 30 US1180.54 DS1180.15 128 .012 24 CIRC 
S RUN ID U.S. D.S. BARR RISE SPAN HEAD 
S L I N  L I N  NO. LOSS 
f* - - -  - - -  - - -  - - - -  - - - -  - - - -  - - - - -  
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ANAL 1A C 33 J 30 24 
ANAL C3 C 32 J 30 24 
ANAL U J 30 M 30 24 
ANAL C2 M 30 C 31 24 
ANAL C6 C 31 E 30 24 .52 
ENDATA 



THYSYS 

TEXAS DEPARTMENT OF TRANSPORTATION 
TEXAS HYDRAULICS SYSTEM 

THYSYS 

SEWER 

CUMULATIVE RUNOFF CALCULATIONS FOR P I P E  RUNS 

U.S. D.S. CUMULATIVE 
RUN I.D. 1.D. IICAII IITCII AREA "CA" "TC" S U P P L Y Q  INTENSITY 
1A C33 J 3 0  -00 - 0 0  - 0 0  .OO .OO - 0 0  .OO 
C3 C32 5 3 0  . 0 0  .OO .OO .OO .OO - 0 0  - 0 0  
2A J 3 0  H 3 0  - 0 0  - 0 0  .OO .OO - 0 0  .OO -00 
C 2  M30 C 3 1  -00 -00 . 0 0  .OO .OO . 0 0  .OO 

C6 C31 E 3 0  .OO .OO .OO .OO .OO .OO - 0 0  

P a g e  2 
DOS- VER 2.4.2 1 9 9 2  

2 2 - O c t - 1 9 9 5  4 :24  



THYSYS 
TEXAS DEPARTMENT OF TRANSPORTATION 

TEXAS HYDRAULICS SYSTEM 
THYSYS 

SEUER ANALYSIS 
CONFIGURATION DATA 

U.S. D.S. 
U.S. D.S. F.L. F.L. LENGTH 

RUN I D  I D  ELEV ELEV FEET SLOPE BBLS R I S E  SPAN SHAPE 

1A C33 J30 1180.31 1 1 7 9 . 4 1  1 6 5  - 0 0 5 4 5  1 24 24 C l R C  
C3 C32 J 3 0  1179.67 1179.41 8 . 0 3 2 5 0  1 2 4  24 CIRC 
2A J30 M30 1179.41 1178.95 85 -00541 1 24 2C CIRC 
C2 M30 C31 1178.95 1178.54 93 -00441 1 24 24 C l R C  
C6 C31 E30 1178.54 1178.15 128 -00305 1 24 24 C l R C  

P a g e  3 
DOS- VER 2.4.2 1992 

22-Oct-1995 4:24 



THYSYS 

TEXAS DEPARTMENT OF TRANSPORTATION 
TEXAS HYDRAULICS SYSTEM 

THYSYS 

HYDRAULIC DATA 

U.S. D.S. JUNC U.S. D.S. HYDR. P I P E  
RUN I D  I D  'N' LOSS F L W  HEAD HEAD GRAD DEPTH VELOC. CAPAC. 

P a g e  4 
DOS- VER 2.4.2 1992 

2 2 - O c t - 1 9 9 5  4:24 

SEW0069--**PIPE FLOWING FULL DUE TO DOWNSTREAM CONTROL, NOT INSUFFICIENT CAPACITY- VELOCITY I S  BASED ON FULL FLOW. 
JUNCTION LOSSES MAY NEED TO BE CONSIDERED AT SUBMERGED JUNCTIONS 



THYSYS 

9008--CAPACITY OF RUN C 6  IS EXCEEDED. 

TEXAS DEPARTMENT OF TRANSPORTATION 
TEXAS HYDRAULICS SYSTEM 

THYSYS 
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RUN 

TEXAS DEPARTMENT OF TRANSPORTATION 
TEXAS HYDRAULICS SYSTEM 

THYSYS 

STATIONING 

UPSTREAH 
JUNCTION I D  STAT ION I NG 
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THYSYS 

TEXAS DEPARTMENT OF TRANSPORTATION 
TEXAS HYDRAULICS SYSTEM 

THYSYS 

Stanley Consultants, Inc. - Phoenix, AZ (Project No. 12168) 
f Storm Sewer Hydraulic Grade Line Analysis for  Red Mtn. Freeway 

S 10-Year Hydrology using ADOT Methodology 
f SYSTEM l1Dl1 Sta 400+50 
f 
S LETTER REPRESENTS 

- - - - - -  - - - - - - - - - - - -  
C CATCH BASIN 
M MANHOLE 
L ELBOW 
J JUNCTION 

Run ID'S correspond t o  the construct ion plans pipe run Labels. 

Through manhole Losses calculated as (Pima Co.) 
hm = O.l(hv(outlet)) 
hm = minor manhole losses ( f t )  

S hv = ve loc i t y  head ( f t )  
S 
S Entrance Losses calculated as (HY8) 
S hm = 0.5(hv(outlet)) 
S hm = minor manhole Losses ( f t )  
S hv = ve loc i t y  head ( f t )  
f 
SEWER ANALYSIS SEWER FREQUENCY= 10YR 
$ AREA ID DRAINAGE SUBAREAS A THRU F TIME CONCEN. MIN .  DEGN I N C  SUPPLY** 
$LINE INLET A B C D E F LEN VEL TC SIZE 3 OR 6 Q 
a - - -  - - - -  - - - -  - - - -  - - - -  - - - -  - - - -  - - - - -  - - - -  - - - -  - -  - - - - - -  
- E 39 24 6 23.0 

C 42 6.0 
S Ass& s t a r t i n g  uater-surface elevat ion i s  the Salt  River 
f Design Conditon 100-year USE 
OUTLET STATIONING 0 T.U. ELEV 1183.00 E 40 
s RUN ID U.S. D.S. SOFFIT SOFFIT RUN CA a N LOSS MAX 
S L I N  L I N  ELEV ELEV LEN ADD ADD COEF RISE 
f* - - - - - - - - - US-------  DS--- - - - -  - - - -  - - - -  - - - -  - - - -  - - - -  - - - -  - - - -  
DSGN D l  E 39 M 39 US1178.50 DS1175.94 160 .012 24 CIRC 
DSGN D2 M 39 M 40 US1175.94 DS1175.06 68 .O24 30 CIRC 
DSGN D3 C 42 M 40 US1196.54 DS1196.30 6 -024 24 C I R C  
DSGN D4 M 40 E 40 US1175.06 DS1173.80 97 .024 30 C I R C  
f RUN ID U.S. D.S. BARR RISE SPAN HEAD 
S L I N  L IN NO. LOSS 

Page 1 
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5-Nov-1995 2:40 

ANAL Dl E 39 M 39 24 .41 
ANAL D2 M 39 M 40 30 .03 
ANAL D3 C 42 M 40 24 
ANAL D4 M 40 E 40 30 .05 
ENDATA 



THYSYS 

TEXAS DEPARTMENT OF TRANSPORTATION 
TEXAS HYDRAULICS SYSTEM 

THYSYS 

CUMULATIVE RUNOFF CALCULATIONS FOR P I P E  RUNS 

U.S. D.S.  CUMULATIVE 
RUN I . D .  1.D. IICAII IITCII AREA "CA" "TC" S U P P L Y 9  I N T E N S I T Y  
D l  E 3 9  H 3 9  . 00 -00 . 00 -00 .OO .DO -00 
D 2  M39 M40 -00 .OO . 00 .OO .OO . 00 .00 
D 3  C42 M40 .OO .OO -00 .OO .OO -00 . 00 
D4 M40 E40 .00 .OO .00 .OO .OO .OO .OO 
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THYSYS 
TEXAS DEPARTMENT OF TRANSPORTATION 

TEXAS HYDRAULICS SYSTEM 
THYSYS 

SEER 

SEER ANALYSIS 
CONFIGURATION DATA 

U.S. D.S. 
U.S. D.S. F.L. F.L. LENGTH 

RUN I D  ID  ELEV ELEV FEET SLOPE BBLS RISE SPAN SHAPE 

D l  E39 M39 1176.50 1173.94 160 .01600 1 24 24 CIRC 
D2 M39 M40 1173.44 1172.56 68 -01294 1 30  30 CIRC 
D3 C42 M40 1194.54 1194.30 6 -04000 1 24 24 ClRC 
04 M40 E401172.561171.30 97 -01299 1 30 30 CIRC 
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THYSYS 

TEXAS DEPARTMENT OF TRANSPORTATION 
TEXAS HYDRAULICS SYSTEM 

THYSYS 

P a g e  4 
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HYDRAULIC DATA 

U.S. D.S. JUNC U.S. D.S. HYDR. P I P E  
RUN I D  I D  I N '  LOSS FLOW HEAD HEAD GRAD DEPTH VELOC. CAPAC. 

D l  € 3 9  M 3 9  .012 - 4 1  23.00 1 1 8 7 . 2 8  1 1 8 5 . 4 6  - 0 0 8 8 1  .64 7.3.. 31.0 
D 2  M39  M4D - 0 2 4  .03 23.00 1 1 8 5 . 4 6  1 1 8 4 . 7 0  - 0 1 0 7 2  -75 4 . 7 '  25.3 
ENTRANCE CONTROLS. TOTAL HEAD AT UPSTREAM END FOR RUN NO. D 3  I S  1 . 2 5  
D 3  C 4 2  M40 . 0 2 4  - 0 0  6 . 0 0  1 1 9 5 . 7 9  1 1 9 4 . 9 8  .DO240 .34 6.4* 24.5 
D 4  M40  E 4 0  . 0 2 4  - 0 5  29.00 1184 .70  1 1 8 3 . 0 0  . 0 1 7 0 4  1.00 5 .9  25.3*** 

SEU0069--**PIPE FLOWING FULL DUE TO DOWNSTREAM CONTROL, NOT I N S U F F I C I E N T  CAPACITY- VELOCITY I S  BASED ON FULL FLOW. 
JUNCTION LOSSES MAY NEED TO BE CONSIDERED AT SUBMERGED JUNCTIONS 

SEU0071- - *P IPE FLOW DEPTH > NORMAL DEPTH DUE TO DOWNSTREAM CONTROL, NOT INSUFFICIENT CAPACITY- VELOCITY I S  
BASED ON ELEVATION OF HYDRAULIC GRADE L I N E  AT DOWNSTREAM ELEVATION. 

JUNCTION LOSSES MAY NEED TO BE CONSIDERED AT SUBMERGED JUNCTIONS 



THYSYS 

10008--CAPACITY OF RUN D 4  I S  EXCEEDED. 

TEXAS DEPARTMENT OF TRANSPORTATION 
TEXAS HYDRAULICS SYSTEM 

THYSYS 
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THYSYS 
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TEXAS DEPARTMENT OF TRANSPORTATION 
TEXAS HYDRAULICS SYSTEM 

THYSYS 

STATIONING 

UPSTREAM 
JUNCTION I D  STATIONING 
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THYSYS 
TEXAS DEPARTMENT OF TRANSPORTATION 

TEXAS HYDRAULICS SYSTEM 
THYSYS 

Stanley Consultants, Inc. - Phoenix, AZ (Project No. 12168) 
S Storm Seuer Hydraulic Grade Line Analysis fo r  Red Mtn. Freeway 
S 10-Year Hydrology using ADOT Methodology 
Z SYSTEM llE1l Hur ley Outfal 1 
s 
S LETTER REPRESENTS 

S C CATCH BASIN 
S M MANHOLE 
S L ELBOU 
S J JUNCTION 
s 
S Run IDIS c o r r e s p d  t o  the construction plans pipe run Labels. 
S Node Labels Less than 10 and pipe runs s ta r t ing  with A were 
S constructed u i t h  the Dobson Road Connection project.  
S 
S Junction head Losses calculated using ASCE No. 77 (1992). 
S h j  = hv(out1et) - O.ZS(hv(iniet)) 
S h j  = minor junct ion losses ( f t )  
S hv = ve loc i ty  head ( f t )  
S 
S Through manhole Losses calculated as (Pima Co.) 
S hm = O. l (hv(wt le t ) )  
S hm = minor manhole Losses ( f t )  
f hv = ve loc i ty  head ( f t )  
s 
S Entrance Losses calculated as (HY8) 
% hm = 0.5(hv(wtlet)) 

hm = minor manhole Losses ( f t )  
hv = ve loc i ty  head ( f t )  

s 
SEWER ANALYSIS SEUER FREQUENCY= I O Y R  
S AREA I D  DRAINAGE SUBAREAS A THRU F TIME CONCEN. MIN.  DEGN I N C  SUPPLYf* 
SLINEINLETA B C D E F LEN VEL TC SIZE 3 O R 6  Q 

DA C 56 
DA C 55 
DA C 54 
DA C 2 
DAC 3 
DA E 50 
DA C 43 
f Assuned s ta r t ing  uater-surface elevation i s  the Salt  River 
S Design Conditon 100-year USE 
OUTLET STATIONING 0 T.U. €LEV 1183.60 E 53 
S RUN I D  U.S. D.S. SOFFIT SOFFIT RUN CA Q N LOSS MAX 
S L IN L IN ELEV ELEV LEN ADD ADD COEF RISE 
* - - -  - - -  - - -  US-------  DS------- - 
DSGN E6 C 56 M 53 US1215.86 DS1214.85 
DSGN E5 C 55 J 50 US1215.37 DS1214.13 
DSGN 4A M 53 J 50 US1214.85 DS1214.13 
DSGN 48 J 50 M 52 US1214.13 DS1213.00 
DSGN E3 M 52 M 51 USl213.00 DS1210.00 
DSGN E2 C 54 H 51 US1210.82 OS1210.00 
DSGN El  M 51 M 50 US1210.00 DS1206.80 
DSGN A4A M 50 J 1 US1206.80 DS1206.29 
DSGN A5 C 2 J 1 US1207.17 DS1206.29 
'QGN A4B J 1 M 2 US1206.29 DS1204.34 

*1 A6 C 3 M 2 US1205.51 DS1204.34 
DSGN A7 M 2 J 0 USl204.34 DS1183.74 
DSGN 6A E 50 M 64 US1185.26 DS1185.25 

- - - - -  - - - -  - - - -  - - - -  - - - -  
.012 24 C l R C  
-012 24 C I R C  
-012 24 C I R C  
-012 24 C I R C  
-012 24 C I R C  
-012 24 ClRC 
-012 24 C I R C  
-012 24 C I R C  
-012 24 C I R C  
-012 24 C I R C  
-012 24 CIRC 
-012 24 C I R C  
-012 48 CIRC 

Page 1 
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5-Nov-1995 2:43 



DSGN 60 
DSGN 6C 
DSGN D6 
DSGN D7 
lSGN D8 

IUN ID 
s 
f* - - -  
ANAL E6 
ANAL E5 
ANAL 4A 
ANAL 40 
ANAL E3 
ANAL E2 
ANAL E l  
ANAL A4A 
ANAL A5 
ANAL A40 
ANAL A6 
ANAL A7 
ANAL 6 A  
ANAL 60 
ANAL 6C 
ANAL D6 
ANAL D7 
ANAL D8 
ENDATA 

M 64 J 0 US1185.25 DS1184.74 68 .024 48 CIRC 
J 0 M 41 US1184.74 DS1183.98 100 .024 48 CIRC 
M 41 M 42 US1183.98 DS1179.00 68 .024 48 CIRC 
C 43 M 42 US1205.27 DS1205.00 25 .024 24 CIRC 
M 42 E 53 US1179.00 DSl172.44 64 .024 48 CIRC 
U.S. D.S. BARR RISE SPAN HEAD 
L IN L IN NO. LOSS 
- - -  - - -  - - - -  - - - -  - - - -  - - - - -  
C 56 M 53 24 
C 55 J 50 24 
M 53 J 50 24 
J 50 M 52 24 
M 52 M 51 24 
C 54 M 51 24 
M 51 M 50 24 
M 5 0 J  1 24 
C 2 J  1 24 
J 1 M  2 24 
C 3 M  2 24 
M 2 J  0 24 
E 5 0 M 6 4  48 -22 
M 6 4 J 5 0  48 .04 
J 50 M 41 48 .51 
M 41 M 42 48 .06 
C 43 M 42 24 
M 42 E 53 48 .07 



THYSYS 

TEXAS DEPARTMENT OF TRANSPORTATION 
TEXAS HYDRAULICS SYSTEM 

THYSYS 

SEVER 

CUMLJLATIVE RUNOFF CALCULATIONS FOR PIPE RUNS 

RUN 
E6 
E5 
4A 
4B 
€3 
€2 
E 1 

A4A 
A5 

A4B 
A6 
A7 
6A 
6B 
6C 
06 
07 
08 

U.S. 
1.0. 
C56 
C55 
M53 
550 
M52 
C54 
M5 1 
M50 
C 2 
J 1 
C 3 
M 2 
ESO 
n64 
J 0 
n41 
C43 
M 2  

D.S. 
I .D. 
M53 
550 
J50 
M52 
M51 
M5 1 
M50 
J 1 
J 1 
M 2 
M 2 
J 0 
M64 
J 0 
n4 1 
n42 
n42 
E53 

AREA 
-00 
-00 
.oo 
-00 
.DO 
-00 
. 00 
.oo 
.oo 
-00 
. 00 
-00 
. 00 
.OD 
.DO 
-00 
. 00 
-00 

W L A T  IVE 
IICAII IITCII 

-00 -00 
.oo .oo 
.oo .oo 
.oo .oo 
.oo -00 
.oo .DO 
.oo -00 
.oo .oo 
.oo -00 
.oo .oo 
.oo .oo 
.oo .oo 
.oo -00 
-00 .DO 
.oo -00 
-00 .oo 
.oo .DO 
.oo -00 

SUPPLY Q 
-00 
.oo 
.oo 
.oo 
-00 
-00 
.oo 
-00 
. 00 
.oo 
-00 
.oo 
-00 
.OD 
.OD 
-00 
-00 
-00 

INTENSITY 
.oo 
. 00 
.oo 
.oo 
.oo 
.oo 
.oo 
.oo 
.oo 
.oo 
.oo 
. 00 
.oo 
.oo 
.DO 
.oo 
.oo 
.oo 
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FLOW 
2.20 

.SO 
2.20 
2.70 
2.70 
5 -30 
8-00 
8-00 
4.30 

12.30 
1.40 

13.70 
66.00 
66.00 
79.70 
79.70 
4.70 

84.40 



THYSYS 

TEXAS DEPARTMENT OF TRANSPORTATION 
TEXAS HYDRAULICS SYSTEM 

THYSYS 

SEUER 

SEUER ANALYSIS  
CONFIGURATION DATA 

U.S. O.S. 
U .S .  D . S .  F .L .  F.L. LENGTH 

RUN I D  I D  ELEV ELEV FEET SLOPE BBLS R I S E  SPAN SHAPE 

24 C I R C  
24 C I R C  
24 C l R C  

24 C I R C  
24 C I R C  
24 C I R C  
24 C I R C  
24 C I R C  
24 C I R C  
24 C I R C  
24 C I R C  
24 C I R C  
48 C I R C  
48 C I R C  
48 C I R C  
48 C I R C  
24 C I R C  
48 C I R C  

Page 3 
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THYSYS 

TEXAS DEPARTMENT OF TRANSPORTATION 
TEXAS HYDRAULICS SYSTEM 

THYSYS 

Page 4 
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HYORAULIC DATA 

U.S. O.S. JUNC U.S. O.S. HYOR. PIPE 
RUN I 0  10 IN' LOSS FLOW HEAD HEAD GRAD OEPTH VELOC. CAPAC. 

ENTRANCE CONTROLS. TOTAL HEAD AT UPSTREAM EN0 FOR RUN NO. E6 IS  .73 
E6 C56 H53 .012 .OO 2.20 1214.59 1213.27 .00008 -11 4.6. 87.1 
ENTRANCE CONTROLS. TOTAL HEAD AT UPSTREAM EN0 FOR RUN NO. E5 IS  .43 
E5 C55 J50 .012 .OO -50 1213.80 1212.59 .00000 -05 . 96.5 
4A M53 J50 .012 .OO 2.20 1213.27 1212.59 .00008 .21 4.W 23.2 
48 J50 M52 -012 .OO 2.70 1212.59 1211.46 .00012 .23 4.9 23.3 
E3 M52 M51 .012 .OO 2.70 1211.44 1208.66 .00012 -22 3.W 26.4 
ENTRANCE CONTROLS. TOTAL HEAD AT UPSTREM END FOR RUN NO. E2 I S  1.16 
E2 C54 M51 .012 .OO 5.30 1209.98 1208.66 .00047 .31 5.9" 24.8 
E l  M51 M50 .012 .OO 8.00 1208.66 1205.56 .00107 -33 7.3* 34.1 

A4A M50 J 1 .012 .OO 8.00 1205.56 1205.25 .00107 -38 5.4' 26.1 
ENTRANCE CONTROLS. TOTAL HEAD AT UPSTREAM EN0 FOR RUN NO. A5 IS  1.03 
A5 C 2 J 1 .012 -00 4.30 1206.20 1205.25 .00031 .16 2 .P  81.3 

A4B J 1  M 2  .012 -00 12.30 1205.25 1203.30 .00252 -48 8.3 25.9 
ENTRUCE CONTROLS. TOTAL HEAD AT UPSTREAM END FOR RUN NO. A6 IS  -59 
A6 C 3  M 2  .012 .OO 1.40 1204.10 1202.86 -00003 -09 2 . T  93.7 
A7 M 2 J 0 .012 -00 13.70 1202.86 1186.76 -00313 -26 4.4* 95.4 
bA E50 M64 .012 -22 66.00 1187.62 1187.29 -00180 1.00 5.3 19.5*** 
68 M64 J 0 -024 .04 66.00 1187.29 1186.76 . O O R O  .80 5.3** 67.4 
6C J 0  M41 .024 -51 79.70 1186.76 1185.20 -01049 1.00 6.3 67.8*** 
06 1341 M42 -024 .06 79.70 1185.20 1184.42 .01049 .43 6.3** 210.6 
07 C43 M42 .024 .OO 4.70 1204.11 1203.84 .00147 -42 3.8 12.7 
08 M42 E53 .024 -07 84.40 1184.42 1183.60 .01177 -40 6 . 7 *  249.1 

SEU0069--**PIPE FLOWING FULL DUE TO DCUNSTREAM CONTROL, NOT INSUFFICIENT CAPACITY- VELOCITY IS  BASEO ON FULL FLOW. 
JUNCTION LOSSES MAY NEEO TO BE CONSIDERED AT SUBMERGEO JUNCTIONS 

SEUO071--*PIPE FLOW OEPTH > NORMAL OEPTH DUE TO OOVNSTREAM CONTROL, NOT INSUFFICIENT CAPACITY- VELOCITY IS  
BASEO ON ELEVATION OF HYORAULIC GRADE LINE AT OCUNSTREAM ELEVATION. 

JUNCTION LOSSES MAY NEEO TO BE CONSIDERED AT SUBMERGEO JUNCTIONS 



THYSYS 

,0008--CAPACITY OF RUN 6A I S  EXCEEDED. 
SEW0008--CAPACITY OF RUN 6 C  I S  EXCEEDED. 

TEXAS DEPARTMENT OF TRANSPORTATION 
TEXAS HYDRAULICS SYSTEM 

THYSYS 
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THYSYS 

RUN 

TEXAS DEPARTMENT OF TRANSPORTATION 
TEXAS HYDRAULICS SYSTEM 

THYSYS 

STATIONING 

UPSTREAH 
J U N C T I M  I D  STATIONING 
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THYSYS 

TEXAS DEPARTMENT OF TRANSPORTATION 
TEXAS HYDRAULICS SYSTEM 

THYSYS 

Stanley Consultants, Inc. - Phoenix, AZ (Project No. 12168) 
S Storm Sewer Hydraulic Grade Line Analysis fo r  Red Mtn. Freeway 
S 10-Year Hydrology using ADOT Methodology 
S SYSTEM "Gtl - Dobson Road 
s 
S Analysis revised t o  avoid c o n f l i c t  u i t h  the C.O.M. u t i l i t i e s  
S p a r a l l e l  t o  run F2 (4-10-95). F2 changed t o  FA and FB p ipe runs. 
s 
S LETTER REPRESENTS 

- - - - - -  - - - - - - - - - - - -  
C CATCH BASIN 
M MANHOLE 
L ELBOW 
J JUNCTION 

Run ID'S correspond t o  the construct ion plan pipe run Labels. 
The main t runk l ine '"2" i s  subdivided f r o m  upstream t o  downstream 
between tees and structures using an alpha character. 

s 
S Junction head Losses calculated using ASCE No. 77 (1992). 
S h j  = hv(out1et) - 0.25(hv(inlet)) 
S h j  =minor  junct ion Losses ( f t )  
S hv = ve loc i t y  head ( f t )  
S 
f Bend head losses calculated using ASCE No. 77 (1992). 
S hb = O.ZO(hv(wtlet)) 
S hb = minor bend Losses ( f t )  
C hv = ve loc i t y  head ( f t )  

Through manhole losses calculated as (Pima Co.) 
S hm = O.l(hv(outlet)) 
f hrn = minor manhole losses ( f t )  
S hv = ve loc i t y  head ( f t )  
s 
SEWER ANALYSIS SEWER FREQUENCY= 10YR 
S AREA ID DRAINAGE SUBAREAS A THRU F T IME CONCEN. MIN.  DEGN INC SUPPLY** 
SLINEINLETA B C D E F LEN VEL TC SIZE 3 O R 6  Q 

DA M 63 24 6 
DA C 60 
DA C 61 
DA C 62 
DA C 63 
DA C 64 
DA C 65 
DA C 66 
DA C 67 
DA C 68 
DA C 69 
DA C 70 
DA C 71 
DA c n 
DA C 73 
S Assuned s ta r t ing  water-surface e levat ion i s  the Sal t  River 
S Design Conditon 100-year USE at  XSEC 225.38 
OUTLET STATIONING 0 T.U. ELEV 1185.10 E 60 
S RUN ID U.S. D.S. SOFFIT SOFFIT RUN CA Q N LOSS MAX 

L I N  L I N  ELEV ELEV LEN ADD ADD COEF RISE 

Page 1 
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DSGN GIA M 63 J 60 US1183.86 DS1183.64 109 -012 36 C I R C  
DSGN F1 C 60 J 60 US1195.74 DS1183.14 40 .012 24 C I R C  



DSGN G1B 
DSGN FA 
DSGN FB 
9SGN G I C  

5N F3 
.GN F4 

DSGN F5 
DSGN F6 
DSGN GZA 
DSGN F7A 
DSGN FA 
DSGN G2B 
DSGN F8 
DSGN F9 
DSGN F10 
DSGN G2C 
DSGN F11 
DSGN F12 
DSGN G2D 
DSGN F13 
DSGN F14 
DSGN F15 
DSGN G2E 
OSGN GZF 
DSGN 
S RUN ID 
s 
S f  - - -  
ANAL G1A 
ANAL F1 
ANAL GlB 
ANAL FA 
ANAL FB 

L G l C  
. .AL F3 
ANAL F4 
ANAL F5 
ANAL F6 
ANAL G2A 
ANAL F7A 
ANAL F A  
ANAL G2B 
ANAL F8 
ANAL F9 
ANAL F10 
ANAL G2C 
ANAL F11 
ANAL F12 
ANAL G2D 
ANAL F13 
ANAL F14 
ANAL F15 
ANAL G2E 
ANAL G2F 
ANAL 63 
ENDATA 

J 60 J 61 US1183.64 DS1183.57 36 
C 65 L 61 US1194.40 DS1188.55 43 
L 61 J 61 US1188.55 DS1183.07 41 
J 61 M 62 US1183.57 DS1183.45 61 
C 61 M 60 US1197.34 DS1193.00 2% 
C 62 M 60 US1193.50 DS1193.00 8 
M 60 M 62 US1193.00 DS1183.45 136 
C 64 M 62 US1190.25 DS1183.45 129 
M 62 J 62 US1183.45 DS1183.31 85 
C 63 P 63 US1190.10 DS1190.00 7 
P 63 J 62 US1190.00 DS1182.31 58 
J 62 M 61 US1183.31 DS1183.22 54 
C 66 C 67 US1193.30 DS1192.48 50 
C 67 C 68 US1192.48 DS1189.00 34 
C 68 M 61 US1189.00 DS1183.22 110 
M 61 J 64 US1183.22 DS1182.76 271 
C 69 C 70 US1190.99 DS1187.00 54 
C 70 J 64 US1187.00 DS1181.76 66 
J 6 4 M 6 4 U S 1 1 8 2 . 7 6 D S 1 1 8 2 . 6 4  73 
C 71 C 73 US1214.16 DS1188.00 161 
c n c 73 ~ ~ 1 1 8 9 . 3 1  ~~1188 .00  183 
C 73 M 64 US1188.00 DS1182.64 100 

M 64 L 60 US1182.64 DS1182.59 27 
L 60 J 65 US1182.59 DS1182.50 54 
J 65 E 60 US1182.50 DS1182.45 30 
U.S. D.S. BARR RISE SPAN HEAD 
L IN L I N  NO. LOSS 
- - -  - - -  - - - -  - - - -  - - - -  - - - - -  
M 63 J 60 36 
C 6 0 J 6 0  24 
J 6 0 J 6 1  36 .17 
C 65 L 61 24 
L 61 J 61 24 
J 61 M 62 36 .18 
C 61 M 60 24 
C 6 2 M 6 0  24 
M 60 M 62 24 
C 6 4 M 6 2  24 
M 62 J 62 48 
C 63 P 63 24 
P 63 J 62 24 
J 62 M 61 48 
C 6 6 C 6 7  24 
C 6 7 C 6 8  24 
C 6 8 M 6 1  24 
M61 J 6 4  48 
C 69 C 70 24 
C 70 J 64 24 
J 6 4 M 6 4  48 
C 71 C 73 24 
C 7 2 C 7 3  24 
C 7 3 M 6 4  24 
M64 L 60 48 
L 60 J 65 48 
J 65 E 60 48 

36 C I R C  
24 C I R C  
24 C I R C  
36 C I R C  
24 C I R C  
24 C I R C  
24 C I R C  
24 C I R C  
48 C I R C  
24 C I R C  
24 C I R C  
48 C I R C  
24 C I R C  
24 C I R C  

24 C I R C  
48 C I R C  
24 C I R C  
24 C I R C  
48 C I R C  
24 C I R C  
24 C I R C  
24 C I R C  

48 C I R C  
48 C I R C  

48 C I R C  



THYSYS 

RUN 
CIA 

F1 
G1B 

FA 
FB 

G1C 
F3 
F4 
F5 
F6 

GZA 
F7A 
F7B 
G2B 
F8 
F9 

F10 
G2C 
F11 
F12 
G2D 
F13 
F14 
F15 
G2E 
G2F 
G3 

TEXAS DEPARTMENT OF TRANSPORTATION 
TEXAS HYDRAULICS SYSTEM 

THYSYS 

SEWER 

CUMULATIVE RUNOFF CALCULATIONS FOR PIPE RUNS 

U.S. 
I .D. 
n63 
CM] 

J60 
C65 
L61 
J6l  
C6l 
c62 
n60 
C64 
H62 
C63 
P63 
J62 
C M  
c67 
C68 
n61 
C69 
C70 
J64 
C71 
CR 
C73 
M64 
L60 
J 65 

D.S. 
I .D. 
J60 
J60 
J61 
L61 
J6l  
M62 
n60 
n60 
M62 
H62 
J62 
P63 
J62 
I461 
C67 
C6B 
H61 
J64 
C70 
J64 
M64 
C73 
C73 
n64 
L60 
J65 
E60 

AREA 
-00 
-00 
.oo 
-00 
.oo 
-00 
-00 
.oo 
.oo 
-00 
.oo 
. 00 
.oo 
-00 
-00 
-00 
-00 
-00 
-00 
-00 
-00 
-00 
.oo 
.oo 
.oo 
.oo 
. 00 

SUPPLY Q 

.oo 
-00 
-00 
-00 
. 00 
-00 
-00 
.oo 
.oo 
-00 
.oo 
.oo 
.oo 
. 00 
. 00 
. 00 
. 00 
.oo 
.oo 
. 00 
.oo 
-00 
.oo 
.oo 
. 00 
. 00 
. 00 

INTENSITY 
.oo 
.oo 
.oo 
. 00 
-00 
.oo 
-00 
-00 
-00 
.oo 
-00 
.oo 
.oo 
-00 
.OO 
.oo 
.oo 
.oo 
.oo 
.oo 
.oo 
.oo 
.oo 
. 00 
. 00 
. 00 
. 00 
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TEXAS DEPARTMENT OF TRANSPORTATION 
TEXAS HYDRAULICS SYSTEM 

THYSYS 

SEWER 

SEWER ANALYSIS 
CONFIWRATION DATA 

U.S. O.S. 
U.S. D.S. F.L. F.L. LENGTH 

RUN I 0  I D  ELEV ELEV FEET SLOPE BBLS R I S E  SPAN SHAPE 

36 CIRC 
24 CIRC 
36 CIRC 
24 CIRC 

24 CIRC 
36 CIRC 
24 CIRC 
24 CIRC 
24 CIRC 
24 CIRC 
48 C l R C  
24 CIRC 
24 CIRC 
48 CIRC 
24 CIRC 
24 C I R C  
24 CIRC 
48 CIRC 
24 CIRC 
24 CIRC 
48 CIRC 
24 CIRC 
24 CIRC 
24 CIRC 
48 CIRC 
48 CIRC 
48 CIRC 

P a g e  3 
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TEXAS DEPARTMENT OF TRANSPORTATION 
TEXAS HYDRAULICS SYSTEM 

THYSYS 
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HYDRAULIC DATA 

U.S. D.S. JUNC U.S. D.S. HYDR. PIPE 
RUN ID ID 'N' LOSS FLOU HEAD HEAD GRAD DEPTH VELOC. CAPAC. 

CIA M63 J60 .012 .00 25.00 1187.43 1187.30 .00120 
ENTRANCE CONTROLS. TOTAL HEAD AT UPSTREAM END FOR RUN NO. F1 IS  
F1 C60 J60 .012 -00 .90 1194.24 1187.30 .00001 

G1B J60 J6 l  -012 -17 25.90 1187.30 1187.08 .00128 
ENTRANCE CONTROLS. TOTAL HEAD AT UPSTREAM END FOR RUN NO. FA IS 
FA C65 L61 .012 .00 1.80 1193.06 1187.09 .00005 
FB L61 J6l  -012 -00 1.80 1187.09 1187.08 .00005 

G l C  561 M62 -012 -18 27.70 1187.08 1186.81 -00147 
ENTRANCE CONTROLS. TOTAL HEAD AT UPSTREAM END FOR RUN NO. F3 IS 
F3 C6l M6O -012 -00 2.00 1196.03 1191.36 .00007 
ENTRANCE CONTROLS. TOTAL HEAD AT UPSTREAM END FOR RUN NO. F4 IS 
F4 C62 M60 .012 -00 2.70 1192.30 1191.36 .00012 
F5 M 0  M62 .012 .00 4.70 1191.36 1186.81 .00037 
ENTRANCE CONTROLS. TOTAL HEAD AT UPSTREAM EN0 FOR RUN NO. F6 IS  
F6 C64 M62 .012 .00 2.00 1188.94 1186.81 .00007 

GZA M62 J62 .012 .05 34.40 1186.81 1186.72 .00049 
ENTRANCE CONTROLS. TOTAL HEAD AT UPSTREAM END FOR RUN NO. F7A IS 

F7A C63 P63 .012 .oo 5.80 1189.33 1188.60 .DO056 
F7B P63 J62 .012 -00 5.80 1188.34 1186.72 .00056 
G2B J62 M61 .012 -13 40.20 1186.72 1186.56 .00067 
ENTRANCE CONTROLS. TOTAL HEAD AT UPSTREAM END FOR RUN NO. F8 IS  
F8 C66 C67 .012 .OO 2.00 1191.99 1190.82 .00007 
F9 C67 C68 .012 .OO 3.30 1190.76 1187.54 .00018 

F10 C68 M6l .012 -00 8.90 1187.54 1186.56 .00132 
G2C M61 J64 -012 -20 49.10 1186.56 1186.09 .00100 
ENTRANCE CONTROLS. TOTAL HEAD AT UPSTREAM END FOR RUN NO. F l l  IS  

F11 C69 C70 .012 .OO 3.00 1189.84 1186.13 .00015 
F12 C70 J64 .012 .oO 6.50 1186.13 1186.09 .00070 
G20 564 M64 .012 -24 55.60 1186.09 1185.75 -00128 
ENTRANCE CONTROLS. TOTAL HEAD AT UPSTREAM END FOR RUN NO. F13 IS 

F13 C71 C73 .012 .OO 2.60 1212.95 1186.60 .00011 
ENTRANCE CONTROLS. TOTAL HEAD AT UPSTREAM END FOR RUN NO. F14 IS 

~ 1 4  c n  c73 .012 .oo 3.60 1188.25 1186.60 .00022 
F15 C73 M64 .012 .OO 11.10 1186.60 1185.75 .00205 
G2E M64 LbO .012 -36 66.70 1185.75 1185.34 .00184 
G2F L60 J65 .012 -09 66.70 1185.34 1185.16 .00184 
G3 J65 €60 .012 .OO 66.70 1185.16 1185.10 .00184 

SEU0069--**PIPE FLOWING FULL DUE TO DOUNSTREAM CONTROL, NOT INSUFFICIENT CAPACITY- VELOCITY IS BASED ON FULL FLOU. 
JUNCTION LOSSES MAY NEED TO BE CONSIDERED AT SUBMERGED JUNCTIONS 

SEU0071--*PIPE FLOW DEPTH > NORMAL DEPTH DUE TO DOWNSTREAM CONTROL, NOT INSUFFICIENT CAPACITY- VELOCITY IS 
BASED ON ELEVATION OF HYDRAULIC GRADE LINE AT DOUNSTREAM ELEVATION. 

JUNCTION LOSSES MAY NEED TO BE CONSIDERED AT SUBMERGED JUNCTIONS 



THYSYS 

U0008--CAPACITY OF RUN G2F I S  EXCEEDED. 
SEU0008--CAPACITY OF RUN G3 I S  EXCEEDED. 

TEXAS DEPARTMENT OF TRANSPORTATION 
TEXAS HYDRAULICS SYSTEM 

THYSYS 

P a g e  5 
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RUN 

G1A 
F 1  

G1B 
FA 
FB 

G l C  
F 3  
F4 

F 5  
F 6  

G2A 
F 7A 
F7B 
G2B 

FB 
F 9  

F 1 0  
G2C 
F 1 1  
F 1 2  
G2D 
F 1 3  
F 1 4  
F 1 5  
G2E 
G2 F 

G3 

TEXAS DEPARTMENT OF TRANSPORTATION 
TEXAS HYDRAULICS SYSTEM 

THYSYS 

STATIONING 

UPSTREAM 
JUNCTION I D  STATIONING 

P a g e  6 
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TEXAS DEPARTMENT OF TRANSPORTATION 
TEXAS HYDRAULICS SYSTEM 

THYSYS 

Stanley Consultants, Im. - Phoenix, AZ (Project No. 12168) 

S Storm Sewer Hydraulic Grade Line Analysis f o r  Red Mtn. Freeway 

S 10-Year Hydrology using ADOT Methodology 
S SYSTEM "H" 
s 
S LETTER REPRESENTS 
s - - - - - -  - - - - - - - - - - - -  
S C CATCH BASIN 
S M MANHOLE 
S L ELBOU 
S J JUNCT ICN 
s 
S Rm ID'S correspond t o  the construct ion plans pipe run labels. 
S This system co l lec ts  the eastbound and westbound mainline runoff  
S and o u t f a l l s  t o  the o f f - s i t e  c h a m 1  using a modified downdrain. 
S 
SEWER ANALYSIS SEWER FREQUENCY= l O Y R  

S AREA ID DRAINAGE SUBAREAS A THRU F TIME CONCEN. MIN .  DEGN I N C  SUPPLY** 
SLINEINLETA B C D E F LEN VEL TC SIZE 3 O R 6  P 
$ - - -  - - - -  - - - -  - - - -  - - - -  - - - -  - - - -  - - - - -  - - - -  - - - -  - -  - - - - - -  
DA C 80 24 6 5.4 
DA C 81 1.3 
DA C 82 0.7 
DA C 83 1.4 
DA C 84 8.8 
DA C 85 0.9 
S Assuned s t a r t i n g  uater-surface e levat ion i s  the Sal t  River 
i Design Conditon 100-year USE 

'LET STAT ION I NG 0 T.U. ELEV 1187.30 E 81 
dUN ID U.S. D.S. SOFFIT SOFFIT RUN CA P N LOSS MAX 

S L IN L IN ELEV ELEV LEN ADD ADD COEF RISE 
$* - - -  
DSGN H I  
DSGN HZ 
DSGN H3 
DSGN H4 
DSGN H5 
DSGN H6 
DSGN H7 
DSGN H8 
S RUN ID 
s 

- - -  - - -  US------- DS-------  - - - -  - - - -  - - - -  
C 80 M 80 US1204.33 OS1203.20 8 
M 80 M 81 US1203.20 DS1200.60 185 
C 81 C 82 US1202.92 DS1202.78 7 
C 82 C 83 US1202.78 DS1201.43 73 
C 83 M 81 US1201.43 DS1200.60 8 
M 81 C 84 US1200.60 DS1199.65 107 
C 84 C 85 US1199.65 DS1197.47 117 
C 85 E 81 US1197.47 DS1183.23 93 
U.S. D.S. BARR RISE SPAN HEAD 
L I N  L I N  NO. LOSS 

ANAL H I  C 80 M 80 
ANAL HZ M 80 M 81 
ANAL H3 C 81 C 82 
ANAL H4 C 82 C 83 
ANAL H5 C 83 M 81 
ANAL H6 M 81 C 84 
ANAL H7 C 84 C 85 
ANAL H8 C 85 E 81 
ENDATA 

- - - -  - - - -  - - - -  - - - -  
.012 24 CIRC 
.012 24 C I R C  
.012 24 C I R C  
.012 24 CIRC 
.012 24 C I R C  
-012 24 C I R C  
.012 24 C I R C  

.012 24 C I R C  

Page 1 
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THYSYS 

TEXAS DEPARTMENT OF TRANSPORTATION 
TEXAS HYDRAULICS SYSTEM 

THYSYS 

CUMlLATIM RUNOFF CALCULATIOWS FOR PIPE RUNS 

RUN 
HI 
HZ 
H3 
H4 
H5 
H6 
H7 
H8 

U.S. 
I .D. 
C80 
Ma0 
C81 
CBZ 
C83 
ma1 
tS4 
C85 

O.S. 
I .o. 
Mso 
M81 
C82 
c83 
Ma1 
C84 
C85 
€81 

AREA 
.oo 
-00 
-00 
-00 
.oo 
-00 
-00 
.oo 

SUPPLY Q 
-00 
. 00 
-00 
. 00 
.oo 
-00 
.oo 
.oo 

INTENSITY 
.oo 
.oo 
.oo 
. 00 
-00 
-00 
-00 
.oo 

Page 2 
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FLUJ 
5.40 
5.40 
1.30 
2.00 
3.40 
8.80 

17.60 
18.50 



THYSYS 
TEXAS DEPARTMENT OF TRANSPORTATION 

TEXAS HYDRAULICS SYSTEM 
THYSYS 

SEWER ANALYSIS 
CONFIGURATION DATA 

U.S. D.S. 
U.S. D.S. F.L. F.L. LENGTH 

RUN I D  I D  ELEV ELEV FEET SLOPE BBLS R I S E  SPAN SHAPE 

24 CIRC 
24 CIRC 
24 C l R C  

24 C I R C  

24 CIRC 
24 CIRC 
24 CIRC 
24 CIRC 
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THYSYS 
TEXAS DEPARTMENT OF TRANSPORTATION 

TEXAS HYDRAULICS SYSTEM 
THYSYS 

Page 4 
DOS- M R  2.4.2 1 9 9 2  

6 - N o v - 1 9 9 5  4:11 

HYDRAULIC DATA 

U.S. D.S. JUNC U.S. D.S. HYDR. P I P E  
RUN I D  I D  N LOSS F L W  HEAD HEAD GRAD DEPTH MLOC.  CAPAC. 

ENTRANCE CONTROLS. TOTAL HEAD AT UPSTREAM END FOR RUN NO. H I  I S  
H I  C80 H80 .012 -00 5.40 1203.51 1201.78 .00049 
HZ H80 M81 .012 - 0 0  5.40 1201.78 1199.46  - 0 0 0 4 9  
ENTRANCE CONTROLS. TOTAL HEAD AT UPSTREAM END FOR RUN NO. H3 I S  
H3 C81 C82 .012 -00 1.30 1201.50  1201.12 - 0 0 0 0 3  
H4 C82 C S  - 0 1 2  .00 2.00  1201.12 1199.77  .00007 
H5 C83 M 8 l  .012 .OO 3.40 1199.71 1199.46  .00019 
lib MB1 CS4 .012 -00 8.80 1199.46 1198.69 -00129 

H 7  C84 C85 .012 .OO 17.60 1198.69 1196.51 - 0 0 5 1 6  
H8 C85 E 8 1  .012 .OO 18.50 1196.07  1187.30 - 0 0 5 7 0  

SEU0069--**PIPE FLOWING FULL DUE TO DOWNSTREAM CONTROL, NOT INSUFFICIENT CAPACITY- VELOCITY I S  BASED ON FULL FLOW. 
JUNCTION LOSSES HAY NEED TO BE CONSIDERED AT SUBMERGED JUNCTIONS 

SEW0071--*PIPE FLOW DEPTH > NORML DEPTH DUE TO DOVNSTREAM CONTROL, NOT INSUFFICIENT CAPACITY- VELOCITY I S  
BASED ON ELEVATION OF HYDRAULIC GRADE L I N E  AT DOWNSTREAM ELEVATION. 

JUNCTION LOSSES HAY NEED TO BE CONSIDERED AT SUBMERGED JUNCTIONS 



THYSYS 

RUN 

TEXAS DEPARTMENT OF TRANSPORTATION 
TEXAS HYDRAULICS SYSTEM 

THYSYS 

STATIONING 

UPSTREAM 
JUNCTION I D  STAT ION I NG 
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Length 
(ft) 

59.97 

167.01 

46.50 

V avg 
(ftls) 

1.1 1 

4.08 

6.35 

-Cover- 
UP 
Dn 
(ft) 

3.00 
4.00 
3.00 
4.00 
4.00 

0.00 

Pipe 

J j f z  

J ~ I  

d3 

-HGL- 
UP 
Dn 
(ft) 

1.188.84 
1,188.87 
1.188.97 
1.188.87 
1,188.42 

1,187.70 

-Invert- 
UP 
Dn 
(ft) 

1,188.15 
1.186.89 
1,187.89 
1,186.89 

1,186.89 
1,184.00 

-Node- 
UP 
Dn 

CB~#% 
cB9tf 
C ~ 9 / 0  
cB9rl 
cB97/4 

ES~I'O 

Q 
(cfs) 

1.63 

9.08 

17.98 

-Slope- 
Energy 

Constructed 
(Wft) 

0.000145 
0.021009 
0.002369 
0.005988 
0.020781 
0.062148 

-Ground- 
Up 
Dn 
(ft) 

1.193.15 
1,192.89 
1,192.89 
1.192.89 
1,192.89 

1,186.00 

-Crown- 
UP 
Dn 
(ft) 

1,190.15 
1,188.89 
1,189.89 
1.188.89 
1,188.89 

1,186.00 

C 

0.95 

0.95 

0.95 

-Section- 
Discharge 
Capacity 

(CfS) 

1.63 
35.52 

9.08 
18.96 
17.98 

61.09 

Tot 
CA 

(acres) 

0.38 

2.01 

4.22 

-Section- 
Shape 
Size 

Circular 
24 inch 
Circular 
24 inch 
Circular 

24 inch 

Sys 
Flow 
Time 
(min) 

10.00 

10.00 

10.90 

Inlet 
A 

(acres) 

0.40 

2.12 

1.92 

TC 
(rnin) 

10.00 

10.00 

10.00 

Inlet 
Q 

(cfs) 

1.63 

8.63 

7.82 
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Length 
(fl) 

85.86 

8.50 

8.00 

8.00 

8.00 

92.00 

65.09 

70.05 

50.01 

121.50 

-Cover- 
UP 
Dn 
(n) 
3.00 
4.00 
4.00 
5.99 
3.00 
5.59 
3.00 
4.85 
3.00 
4.68 
3.00 
4.68 
4.68 
4.85 
4.85 
5.59 
5.59 
5.99 
5.99 
0.00 

V avg 
(Ws) 

2.50 

2.37 

1.31 

1.22 

2.90 

5.75 

6.33 

6.46 

6.23 

4.94 

Pipe 

J4 

55 

J8 

J9 

J10 

J l l  

J7C 

578 

J7A 

56 

-Crown- 
UP 
Dn 
(fi) 

1,190.15 
1,189.15 
1.189.15 
1,188.00 
1.191.26 
1,188.81 
1,191.60 
1,189.95 
1,192.09 
1,191.00 
1,191.46 
1,191 .OO 
1,191.00 
1,189.95 
1,189.95 
1,188.81 
1,188.81 
1,188.00 
1,188.00 
1,185.50 

-HGL- 
UP 
Dn 
( ft 

1.188.71 
1,188.28 
1,188.28 
1.188.36 
1.189.53 
1,188.95 
1,189.88 
1,189.96 
1.190.81 
1.190.52 
1,190.81 
1,190.52 
1.190.52 
1,189.96 
1,189.49 
1,188.95 
1,188.56 
1.188.36 
1,188.06 
1,187.70 

-Node- 
UP 
Dn 

CB93 
CB94 
CB94 
M90 
CB95 
JCT9O 
CB96 
JCT91 
CB97 
M91 
CB98 
M91 
M91 
JCT91 
JCT91 
JCT9O 
JCT9O 
M90 
M90 
ES91 

-Invert- 
UP 
Dn 
(fl) 

1,188.15 
1,187.15 
1.187.15 
1,186.00 
1.189.26 
1,186.81 
1,189.60 
1.187.95 
1.190.09 
1,189.00 
1,189.46 
1,189.00 
1.189.00 
1,187.95 
1,187.95 
1,186.81 
1,186.81 
1.186.00 
1,185.50 
1,183.00 

-Slope- 
Energy 

Constructed 

0.006986 
0.011647 
0.000603 
0.135294 
0.083251 
0.306250 
0.000299 
0.206250 
0.064147 
0.136250 
0.004555 
0.005000 
0.012512 
0.016131 
0.011186 
0.016274 
0.005761 
0.016198 
0.002975 
0.020576 

C 

0.00 

0.00 

0.88 

0.88 

0.88 

0.95 

NIA 

NIA 

NIA 

NIA 

-Section- 
Discharge 
Capacity 

(ds) 

2.57 

5.47 

0.61 
135.62 

0.61 
11 1.29 

4.24 
90.46 
13.81 
17.33 
17.88 
31.13 
18.38 
31.26 
18.87 
31.19 
24.23 
63.74 

lnlet 
A 

(acres) 

0.00 

0.00 

0.16 

0.15 

1.13 

3.39 

NIA 

NIA 

NIA 

NIA 

-Section- 
Shape 
Size 

Circular 
26.45241nch 

Circular 
90.1424inch 

Circular 
24 inch 
Circular 
24 inch 
Circular 
24 inch 
Circular 
24 inch 
Circular 
24inch 
Circular 
24 inch 
Circular 
24 inch 
Circular 
30 Inch 

TC 
(min) 

0.00 

0.00 

10.00 

10.00 

10.00 

10.00 

NIA 

NIA 

NIA 

NIA 

Tot 
CA 

(acres) 

0.30 

0.80 

0.14 

0.13 

0.99 

3.22 

4.21 

4.34 

4.48 

5.28 

lnlet 
Q 

(cfs) 

0.00 

0.00 

0.61 

0.56 

4.24 

13.81 

NIA 

NIA 

NIA 

NIA 

Sys 
Flow 
Time 
(min) 

10.00 

10.57 

10.00 

10.00 

10.00 

10.00 

10.27 

10.44 

10.62 

10.75 

Q 
(ds) 

2.57 

5.47 

0.61 

0.61 

4.24 

13.81 

17.88 

18.38 

18.87 

24.23 

-Ground- 
Up 
Dn 
(fl) 

1,193.15 
1,193.15 
1,193.15 
1.193.99 
1,194.26 
1,194.40 
1,194.60 
1,194.80 
1,195.09 
1,195.68 
1.194.46 
1,195.68 
1,195.68 
1.194.80 
1.194.80 
1,194.40 
1,194.40 
1,193.99 
1,193.99 
1.185.50 
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-Node- 
UP 
Dn 

CB99 
ES92 

C 

0.88 

-HGL- 
UP 
Dn 
(fi) 

1,199.06 
1.188.20 

lnlet 
A 

(acres) 

2.04 

Sys 
Flow 
Time 
(min) 

10.00 

-Slope- 
Energy 

Constructed 
(Wft) 

0.098289 
0.106432 

TC 
(rnin) 

10.00 

Q 
(cfs) 

7.65 

lnlet 
Q 

(cfs) 

7.65 

V avg 
(Ws) 

3.70 

-Section- 
Discharge 
Capacity 

(cfs) 

7.65 

79.95 

Tot 
CA 

(acres) 

1.78 

-Ground- 
Up 
Dn 
(R) 

1,203.08 
1,188.00 

-Section- 
Shape 
Size 

Circular 
24 inch 

-Crown- 
UP 
Dn 
(ft) 

1,200.08 
1,188.00 

Length 
(R) 

113.50 

-Invert- 
UP 
On 
(fl) 

1,198.08 
1,186.00 

-Cover- 
UP 
On 
(fi) 

3.00 
0.00 
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-Node- 
UP 
Dn 

CBlOO 
ES93 

C 

0.88 

-Crown- 
UP 
Dn 
(fi) 

1,215.76 
1,189.00 

-Cover- 
UP 
Dn 
(fi) 

3.00 
0.00 

-Invert- 
UP 
Dn 
(fi) 

1,213.76 

1,187.00 

Inlet 
A 

(acres) 

2.12 

TC 
(min) 

10.00 

-HGL- 
UP 
Dn 
( ft 

1,214.77 

1,190.30 

-Slope- 
Energy 

Constructed 
(ft/ft) 

0.134960 

0.145831 

lnlet 
Q 

(cfs) 

8.04 

-Section- 
Discharge 
Capacity 

(cfs) 

8.04 
93.58 

-Section- 
Shape 
Size 

Circular 

24 inch 

Length 
(ft) 

183.50 

Tot 
CA 

(acres) 

1.88 

Vavg 
(ft/s) 

3.81 

Sys 
Flow 
Time 
(min) 

10.00 

Q 
(cfs) 

8.04 

-Ground- 
Up 
Dn 
( fi) 

1,218.76 
1.189.00 
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Pipe 

K6 

K5 

K7 

K8 

-Cover- 
UP 
Dn 
(R) 

4.00 
4.92 
3.00 
3.42 

16.92 
7.19 
7.19 

1.00 

-Section- 
Discharge 
Capacity 

(cfs) 

1.99 
19.82 
0.19 

22.17 
2.18 

12.01 

3.42 
132.51 

Length 
(fl) 

91.69 

83.09 

83.32 

145.01 

-Section- 
Shape 
Size 

Circular 
24 inch 

Circular 
24 inch 
Circular 
24 inch 

Circular 
24 inch 

-Node- 
UP 
Dn 

C104 
MI01 
C105 
MlOl 
MI01 
C106 
C106 
El03 

V avg 
(ftls) 

3.69 

1.98 

2.68 

2.49 

-HGL- 
UP 
Dn 
(fl) 

1,225.09 

1,224.43 
1,226.33 
1,225.63 
1,212.58 
1.212.45 

1,212.45 
1.191.60 

-Slope- 
Energy 

Constructed 
(fvrt) 

0.006338 
0.006544 
0.008124 
0.008184 
0.002009 
0.002400 
0.145255 
0.292394 

C 

0.00 

0.00 

NIA 

0.00 

Q 
(cfs) 

1.99 

0.19 

2.18 

3.42 

lnlet 
A 

(acres) 

0.00 

0.00 

NIA 

0.00 

-Ground- 
Up 
Dn 
(fi) 

1,230.60 
1.230.92 
1,231.18 
1,230.92 
1.230.92 
1,220.99 
1,220.99 
1,172.40 

TC 
(min) 

0.00 

0.00 

NIA 

0.00 

-Crown- 
UP 
Dn 
(n) 

1.226.60 

1,226.00 
1,228.18 
1.227.50 
1,214.00 
1.213.80 

1.213.80 
1,171.40 

-Invert- 
UP 
Dn 
(ft) 

1,224.60 
1.224.00 
1.226.18 
1,225.50 
1.212.00 
1,211.80 

1,211.80 
1,169.40 

lnlet 
Q 

(cfs) 

0.00 

0.00 

NIA 

0.00 

Tot 
CA 

(acres) 

0.00 

0.00 

0.00 

0.00 

Sys 
Flow 
Time 
(min) 

10.00 

10.00 

10.70 

11.22 
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Length 
(R) 

40.000 

45.303 

56.721 

209.415 

145.499 

V avg 
(Ws) 

0.34 

1.15 

1.66 

3.94 

380 

-HGL- 
UP 
Dn 
(ft) 

1.200.88 
1,200.88 
1,200.89 
1.200.88 
1,200.84 

1,200.82 

1,200.62 
1,200.31 
1,200.20 

1,200.00 

-Cover- 
UP 
Dn 
(fi) 

3.03 
4.93 
0.50 
4.93 
4.93 

2.80 

2.80 

8.97 
8.97 

0.00 

-Slope- 
Energy 

Construcled 
(WfU 

0.000019 
0.048250 
0.000216 
0.002207 
0.000454 

0.003526 
0.001483 

0.003343 
0.001382 
0.003436 

-Crown- 
UP 
Dn 
(ft) 

1,200.43 
1.198.50 
1.198.60 
1,198.50 
1,198.50 

1,198.30 

1.198.30 
1,197.60 
1,197.60 
1,197.10 

Pipe 

K26 

K25 

K27 

K28 

K29 

-Invert- 
UP 
Dn 
(R) 

1,198.43 
1,196.50 
1.196.60 
1.196.50 

1,196.50 

1,196.30 
1,195.30 

1,194.60 
1,194.60 

1,194.10 

-Section- 
Discharge 
Capacity 

(cfs) 

1.06 
53.83 

3.60 
11.51 
5.22 

14.55 

27.82 
41.77 
26.86 

42.36 

-Node- 
UP 
Dn 

C B l l l  
CBl lO 
CB109 
CBl 10 
CBl lO 

CB112 

CB112 

MI04 
MI04 

ES106 

lnlet 
A 

(acres) 

0.24 

1.11 

0.23 

7.33 

NIA 

-Section- 
Shape 
Size 

Circular 
24 inch 
Circular 
24 inch 
Circular 

24 inch 
Circular 

36 inch 
Circular 

36 inch 

C 

0.95 

0.76 

0.95 

0.85 

NIA 

TC 
(rnin) 

10.00 

10.00 

10.00 

14.00 

NIA 

lnlet 
Q 

(cfs) 

0.98 

3.60 

0.94 

22.98 

NIA 

Q 
(cfs) 

1.06 

3.60 

5.22 

27.82 

26.86 

-Ground- 
Up 
Dn 
(R) 

1,203.46 
1.203.43 
1,199.10 
1.203.43 
1,203.43 

1,201.10 

1.201.10 
1,206.57 
1.206.57 

1.197.10 

Tot 
CA 

(acres) 

0.23 

0.84 

1.29 

7.49 

7.49 

Sys 
Flow 
Time 
(rnin) 

10.00 

10.00 

11.98 

14.00 

14.89 
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(ftls) 
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-Slope- 
Energy 

Constructed 
(fW 

0.002798 
0.004340 

0.006323 
0.053789 

-Cover- 
UP 
Dn 
(fl) 

2.00 
2.50 
2.50 
1.00 

Pipe 

K30 

K31 

-Section- 
Discharge 
Capacity 

(cfs) 

1.14 

16.14 
2.22 

56.84 

-HGL- 
UP 
Dn 
(fi) 

1,200.82 

1,200.63 
1,200.52 
1,200.00 

-Node- 
UP 
Dn 

CB113 
CB114 

CB114 
ES107 

Q 
(cfs) 

1.14 

2.22 

-Section- 
Shape 
Size 

Circular 
24 inch 

Circular 
24 inch 

-Crown- 
UP 
Dn 
(fi) 

1,202.45 
1.202.00 

1,202.00 
1,196.10 

-Ground- 
Up 
Dn 
(fl) 

1,204.45 

1,204.50 
1,204.50 
1,197.10 

Length 
(fl) 

103.690 

109.688 

-Invert- 
UP 
Dn 
(fl) 

1.200.45 
1,200.00 

1.200.00 
1,194.10 

C 

0.95 

0.95 

Inlet 
A 

(acres) 

0.28 

0.28 

TC 
(rnin) 

10.00 

10.00 

Tot 
CA 

(acres) 

0.27 

0.53 

Inlet 
Q 

(cfs) 

1.14 

1.14 

Sys 
Flow 
Time 
(min) 

10.00 

10.82 
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Pipe 

K33 

Project Engineer: JRM 
StormCAD v1.0 
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-HGL- 
UP 
Dn 
( ft 1 

1,201.53 

1.200.00 

-Node- 
UP 
Dn 

MH105 

ES108 

-Slope- 
Energy 

Constructed 
(wft) 

0.012476 

0.024583 

C 

0.00 

-Section- 
Discharge 
Capacity 

(cfs) 

98.00 
243.97 

inlet 
A 

(acres) 

0.00 

7 

-Section- 
Shape 
Size 

Circular 

48 inch 

Length 
(ft) 

163.93 

TC 
(rnin) 

0.00 

Sys 
Flow 
Time 
(rnin) 

0.00 

V avg 
(Ws) 

8.75 

Inlet 
Q 

(cfs) 

0.00 

Q 
(cfs) 

98.00 

Tot 
CA 

(acres) 

0.00 

-Ground- 
Up 
Dn 
( ft 

1,205.40 
1,199.00 

-Crown- 
UP 
Dn 
(ft) 

1.202.53 

1,198.50 

-Invert- 
UP 
Dn 
(ft) 

1,198.53 
1.194.50 

-Cover- 
UP 
Dn 
(ft) 

2.87 

0.50 
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V avg 
(Ws) 

1.81 

6.57 

1.26 

4.34 

3.72 

4.30 

Project Engineer: JRM 
StormCAD v1.0 
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Pipe 

L15 

L l l  

L12 

L13 

L14A 

L14B 

-HGL- 
UP 
Dn 
(fi) 

1,192.03 
1,192.03 
1,196.74 

1.196.11 
1,200.16 

1,200.01 

1,199.90 

1,195.16 
1,192.28 

1,192.03 
1.191.85 

1,191.70 

-Slope- 
Energy 

Constructed 
(ft/ft) 

0.000541 
1.176027 
0.003783 
0.003243 

0.002152 
0.004883 

0.022785 

0.023922 

0.001321 
0.008697 

0.001768 
0.008681 

-Node- 
UP 
Dn 

CB131 
5107 
CB130= El30 
MH107 

CB126 

CB127 

CB127 

MH107 
MH107 

5107 
5107 

ES110 

-Invert- 
UP 
Dn 
(fi) 

1,189.00 
1,171.85 
1,194.77 

1.194.40 
1,199.97 

1,199.50 

1,199.50 

1,194.90 

1,173.00 
1,171.35 
1.171.35 

1.170.60 

-Section- 
Discharge 
Capacity 

(cfs) 

5.70 
265.76 
25.26 

25.30 
0.31 

17.12 

1.35 

37.90 
26.26 

67.38 
30.38 

67.32 

-Cover- 
UP 
Dn 
(ft) 

2.00 
28.15 
6.18 
5.10 

1.50 
1.72 

1.72 

5.10 
26.00 

27.65 
27.65 

1.40 

C 

0.70 

0.95 

0.95 

0.95 

NIA 

NIA 

-Section- 
Shape 
Size 

Circular 
24 inch 
Circular 

30 inch 
Circular 

24 inch 

Circular 
24 inch 

Circular 

36 inch 
Circular 

36 inch 

Length 
(fl) 

14.583 

114.099 

96.258 

192.294 

189.725 

86.397 

Inlet 
A 

(acres) 

1.90 

0.46 

0.08 

0.27 

NIA 

NIA 

Sys 
Flow 
Time 
(rnin) 

10.00 

12.68 

10.00 

11.27 

12.97 

13.82 

TC 
(min) 

10.00 

10.00 

10.00 

10.00 

NIA 

NIA 

Q 
(cfs) 

5.70 

25.26 

0.31 

1.35 

26.26 

30.38 

Inlet 
Q 

(cfs) 

5.70 

1.85 

0.31 

1.10 

NIA 

NIA 

-Ground- 
Up 
Dn 
(fi) 

1,193.00 
1.202.00 
1,203.45 

1.202.00 
1.203.47 

1.203.22 

1.203.22 

1,202.00 

1,202.00 
1.202.00 
1,202.00 

1,175.00 

Tot 
CA 

(acres) 

1.33 

6.48 

0.07 

0.33 

6.81 

8.14 

-Crown- 
UP 
Dn 
(fi) 

1.191.00 
1,173.85 
1,197.27 

1.196.90 
1,201.97 

1,201.50 

1,201.50 

1.196.90 
1,176.00 

1.174.35 
1.174.35 

1,173.60 
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-HGL- 
UP 
Dn 

1,225.79 
1,224.73 
1,219.79 
1.197.56 
1,218.25 
1.198.04 
1.198.89 
1,198.78 
1,198.33 
1.198.31 
1,198.20 

1,198.04 
1,197.92 
1,197.88 
1,197.81 
1.197.68 
1,197.61 
1,197.56 
1,197.20 
1,197.03 

-Slope- 
Energy 

Constructed 
(Wfi) 

0.010320 
0.01 1886 
0.230634 
0.246677 
0.159509 
0.175619 
0.003706 
0.003704 
0.000408 
0.001440 
0.001231 
0.001374 
0.001024 
0.001445 
0.001077 
0.001453 
0.001135 
0.001549 
0.002514 
0.002624 

Pipe 

L8 

L9 

L4 

L2 

L l  

L3 

L5 

L6 

L7 

LlO 

-Section- 
Shape 
Size 

Circular 
24 inch 
Circular 
24 inch 
Circular 
24 inch 
Circular 
24 inch 
Circular 
24 inch 
Circular 
24 inch 
Circular 
30 Inch 
Circular 
30lnch 
Circular 
30 inch 
Circular 
30 inch 

-Section- 
Discharge 
Capacity 

(cfs) 

2.93 
26.72 

5.08 
121.71 

2.47 
102.70 

1.89 
14.91 
4.95 
9.30 
8.60 
9.08 

14.22 
16.89 
14.58 
16.94 
14.97 
17.49 
23.76 
22.76 

-Ground- 
Up 
Dn 
(fi) 

1.230.19 
1,229.28 
1.229.28 
1.199.50 
1,226.87 
1.199.00 
1,203.35 
1,203.06 
1,199.00 
1.203.06 
1,203.06 
1,199.00 
1,199.00 
1,204.49 
1.204.49 
1,204.51 
1,204.51 
1.199.50 
1,199.50 
1.203.45 

-Node- 
UP 
Dn 

CB116 
CB117 
CBl17 
CB129 
CB12O 
CBl21 
~ ~ 5 2 4  
CB125 
CB123 
CB125 
CB125 
CBl21 
CBl21 
CB122 
CB122 
CB128 
CB128 
CB129 
CB129 
E l  30=CB130 

Length 
(fl) 

76.561 

97.496 

127.833 

29.700 

48.604 

130.998 

48.451 

116.976 

38.735 

68.610 

-Crown- 
UP 
Dn 
(ft) 

1,227.19 
1,226.28 
1.221.00 
1,106.95 
1,219.70 
1,197.25 
1,200.41 
1,200.30 
1,198.00 
1,197.93 
1,197.93 
1,197.75 
1,197.75 
1.197.68 
1,197.68 
1,197.51 
1,197.51 
1,197.45 
1.197.45 
1,197.27 

V avg 
(ftls) 

4.65 

2.99 

2.17 

3.27 

1.58 

2.74 

2.90 

2.97 

3.05 

5.10 

-Invert- 
UP 
Dn 
(fi) 

1,225.19 
1,224.28 
1,219.00 
1.194.95 
1,217.70 
1.195.25 
1,198.41 
1,198.30 
1.196.00 
1,195.93 
1.195.93 
1,195.75 
1,195.25 
1,195.18 
1.135.18 
1,195.01 
1.195.01 
1.194.95 
1,194.95 
1.194.77 

C 

0.95 

0.95 

0.95 

0.95 

0.70 

0.95 

0.70 

0.95 

0.95 

0.70 

-Cover- 
UP 
Dn 
(fl) 

3.00 
3.00 
8.28 
2.55 
7.17 
1.75 
2.94 
2.76 
1.00 
5.13 
5.13 
1.25 
1.25 
6.81 
6.81 
7.00 
7.00 
2.05 
2.05 
6.18 

TC 
(min) 

10.00 

10.00 

10.00 

10.00 

10.00 

10.00 

10.00 

10.00 

10.00 

10.00 

lnlet 
A 

(acres) 

0.72 

0.54 

0.61 

0.46 

1.65 

0.47 

1.22 

0.13 

0.19 

1.53 

lnlet 
Q 

(cfs) 

2.93 

2.20 

2.47 

1.89 

4.95 

1.91 

3.66 

0.53 

0.79 

4.59 

Tot 
CA 

(acres) 

0.68 

1.20 

0.58 

0.44 

1.15 

2.04 

3.47 

3.60 

3.78 

6.05 

Sys 
Flow 
Time 
(min) 

10.00 

10.27 

10.00 

10.00 

10.00 

10.51 

11.31 

12.25 

12.46 

Q 
(cfs) 

2.93 

5.08 

2.47 

1.89 

4.95 

8.60 

14.22 

11.5914.58 

14.97 

23.76 



THYSYS 

TEXAS DEPARTMENT OF TRANSPORTATION 
TEXAS HYDRAULICS SYSTEM 

THYSYS 

Stanley Consultants, Inc. - Phoenix, AZ (Project No. 12168) 
S Storm Sewer Hydraulic Grade Line Analysis fo r  Red Mtn. Freeway 

S 10-Year Hydrology using ADOT Methodology 

S SYSTEM L 
f 
S LETTER REPRESENTS 

C CATCH BASIN 
M MANHOLE 
L ELBW 
J JUNCTION 

Run ID'S correspond t o  the construct ion plans pipe run labels 
minus 100 fo r  node input i n t o  THYSYS. 

J m c t i o n  head losses calculated using ASCE No. 77 (1992) 
h j  = hv(out1et) - D.Z5(hv(inlet)) 
h j  = minor junct ion Losses ( f t )  

S hv = ve loc i ty  head ( f t )  
s 
S Junction head Losses u i t h  i n l e t  calculated using ASCE No. 77 (1992). 
S h j  = hv(out let)  - O.SO(hv(inlet)) 
S h j  = minor junct ion losses ( f t )  
S hv = ve loc i ty  head ( f t )  
s 
SEWER ANALYSIS SEUER FREQUENCY= l O Y R  
S AREA ID DRAINAGE SUBAREAS A THRU F T I M E  CONCEN. MIN.  DEGN I N C  SUPPLY** 
SLINEINLETA B C D E F LEN VEL TC SIZE 3 O R 6  Q 

0 A s s d  s ta r t ing  water-surface e levat ion i s  the Salt  River 
S Design Conditon 100-year USE 
OUTLET STATIONING 0 T.U. ELEV 1191.64 E 10 
S RUN ID U.S. D.S. SOFFIT SOFFIT RUN CA P N LOSS MAX 
S L I N  L I N  ELEV ELEV LEN ADD ADD COEF R I S E  
f* - - -  - -  - -  - - -  US-------  DS-------  - - - -  - - - -  - - - -  - - - -  - - - -  - - - -  - - - -  
DSGN L1 C 23 C 25 US1198.00 DS1197.93 49 .012 24 C I R C  
DSGN L2 C 24 C 25 US1200.41 DS1200.30 30 .012 24 C l R C  
DSGN L3 C 25 C 21 US1197.93 DS1197.75 131 .012 24 C I R C  
DSGN L4 C 20 C 21 US1219.70 DS1197.25 128 .012 24 C I R C  
DSGN L5 C 21 C 22 US1197.75 DS1197.68 49 .012 30 C I R C  
DSGN L6 C 22 C 28 US1197.68 DS1197.51 117 .012 30 C I R C  

DSGN L7 C 28 C 29 US1197.51 DS1197.45 39 .012 30 C I R C  
DSGN L8 C 29 C 30 US1197.45 DS1197.27 69 .012 30 C I R C  
DSGN L9 C 30 M 07 US1197.27 DS1197.20 25 .012 30 C I R C  
DSGN L10 C 26 C 27 US1201.93 DSl201.72 96 .012 24 C I R C  
"^V L11 C 27 M 06 US1201.72 DS1201.00 246 -012 24 C I R C  

L12 M 06 M 07 US1201.00 DS1200.00 67 .012 24 C I R C  
DSGN L13 M 07 M 08 US1197.20 DS1195.90 330 .012 30 C I R C  
DSGN L14 C 31 M 08 US1214.26 DS1201.00 128 .012 24 C I R C  
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DSGN L15 M 08 E 10 US1195.90 DS1186.65 84 -012 30 ClRC 
$ RUN ID U.S. D.S. BARR RISE SPAN HEAD 
S L IN L IN NO. LOSS 
f* - - -  - - -  - - -  - - - -  - - - -  - - - -  - - - - -  

' 4 ~  ~1 ~ 2 3 ~ 2 5  24 
AL L2 C 24 C 25 24 

ANAL L3 C 25 C 21 24 0.1'1 
ANAL L4 C 20 C 21 24 
ANAL L5 C 21 C 22 30 0.13 
ANAL L6 C 22 C 28 30 0.09 
ANAL L7 C 28 C 29 30 0.09 
ANAL L8 C 29 C 30 30 0.26 
ANAL L9 C 30 M 07 30 0.19 
ANAL L10 C 26 C 27 24 
ANAL L11 C 27 M 06 24 
ANAL L12 M 06 M 07 24 
ANAL L13 M 07 M 08 30 0.57 
ANAL L14 C 3 1  M 08 24 
ANAL L15 M 08 E 10 30 0.36 
ENDATA 



THYSYS 

RUN 
L 1 
L2 
L3 
L4 
L5 
L6 
L7 
L8 
L9 

L10 
L11 
L12 
L13 
L14 
L15 

TEXAS DEPARTMENT OF TRANSPORTATION 
TEXAS HYDRAULICS SYSTEM 

THYSYS 

SEUER 

CUMULATIVE RUNOFF CALCULATIONS FOR PIPE RUNS 

U.S. 
I.D. 
C23 
C24 
C25 
C20 
C21 
CZZ 
C28 
C29 
C30 
C26 
C27 
M 6 
M 7 
C31 
n a 

D.S. 
I .D. 
C25 
C25 
C21 
C2 1 
C22 
C28 
CB 
C30 
M 7 
C27 
M 6 
M 7 
M 8 
M 8 
E l 0  

AREA 
. 00 
.oo 
.oo 
.oo 
.oo 
-00 

.oo 
-00 
.oo 
. 00 
.oo 
.oo 
.oo 
.oo 
. 00 

CUMULATIVE 
IICAII IITCII 

.oo .oo 
-00 .oo 
-00 .oo 
.oo .oo 
-00 .oo 
.oo -00 

.oo -00 

.oo -00  

.oo .oo 
-00 .oo 
.oo .oo 
-00 .oo 
.oo .oo 
.oo .oo 
-00 .oo 

SUPPLY Q 
. 00 
.oo 
. 00 
-00 
.oo 
. 00 

.oo 
-00 
.oo 
. 00 
.oo 
. 00 
. 00 
.oo 
. 00 

INTENSITY 
-00 
.oo 
. 00 
-00 
.oo 
. 00 
.oo 
-00  
.oo 
. 00 
.oo 
.oo 
. 00 
.oo 
. 00 
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THYSYS 

RUN 

TEXAS DEPARTMENT OF TRANSPORTATION 
TEXAS HYDRAULICS SYSTEM 

THYSYS 

SEUER 

SEUER ANALYSIS 
CONFIGURATION DATA 

U.S. D.S. 
U.S. D.S. F.L. F.L. LENGTH 

I D  ID ELEV ELEV FEET SLOPE BBLS 

C23 C25 1196.00 1195.93 
C24 C25 1198.41 1198.30 
C25 C21 1195.93 1195.75 

CZO CZ1 1217.70 1195.25 
C21 CZZ 1195.25 1195.18 
C22 C28 1195.18 1195.01 
C28 C29 1195.01 1194.95 
C29 C30 1194.95 1194.77 
C30 M 7 1194.77 1194.70 
C26 C27 1199.93 1199.72 
C27 M 6 1199.72 1199.00 
M 6 M 7 1199.00 1198.00 
M 7 M 8 1194.70 1193.40 
C31 M 8 1212.26 1199.00 
M 8 E l0  1193.40 1184.15 

RISE SPAN SHAPE 

24 CIRC 
24 C l R C  
2L C I R C  

24 C I R C  

30 C I R C  

30 CIRC 
30 CIRC 
30 CIRC 
30 C I R C  
24 C I R C  
24 C l R C  
24 CIRC 
30 ClRC 
24 ClRC 
30 CIRC 
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THYSYS 

TEXAS DEPARTMENT OF TRANSPORTATION 
TEXAS HYDRAULICS SYSTEM 

THYSYS 
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HYDRAULIC DATA 

U.S. O.S. JUNC U.S. O.S. HYOR. PIPE 
RUN I D  I D  'N' LOSS FLW HEAD HEAD GRAD DEPTH VELOC. CAPAC. 

L1 C23 C25 -012 -00 5.00 1198.83 1198.81 .00042 
L2 C24 C25 -012 -00 1.90 1198.89 1198.81 .00006 
L3 C25 C21 .012 .ll 8.80 1198.81 1198.53 .00129 
ENTRANCE CONTROLS. TOTAL HEAD AT UPSTREAM END FOR RUN NO. L4 I S  
L4 CZO C21 .012 -00 3.20 1218.58 1198.53 .00017 
L5 C21 C22 .012 -13 15.60 1198.53 1198.34 .00123 
L6 C22 C28 .012 -09 16.10 1198.34 1198.09 .00131 
L7 C28 C29 -012 -09 16.90 1198.09 1197.95 -00145 
L8 C29 C30 .012 -26 21.40 1197.95 1197.53 -00232 
L9 C30 M 7 -012 .19 23.10 1197.53 1197.27 -00270 

L10 C26 C27 -012 .OO 1.60 1200.50 1200.50 .00004 
L11 C27 M 6 .012 -00 4.30 1200.50 1199.78 .00031 
L12 M 6 M 7 .012 -00 4.30 1199.52 1198.52 .00031 
L13 M 7 M 8 .012 -57 27.40 1197.27 1195.40 -00380 
ENTRANCE CONTROLS. TOTAL HEAD AT UPSTREAM EN0 FOR RUN NO. L14 IS 

L14 C31 M 8 .012 .OO 1.20 1212.82 1199.18 -00002 
L15 M 8 El0 .012 -36 28.60 1194.51 1191.64 .OM14 

SEU0069--**PIPE FLOWING FULL DUE TO DOUNSTREAM CONTROL, NOT INSUFFICIENT CAPACITY- VELOCITY I S  BASED ON FULL FLOW. 
JUNCTION LOSSES MAY NEED TO BE CONSIDERED AT SUBMERGED JUNCTIONS 

SEU0071--*PIPE FLOW DEPTH > NORMAL DEPTH DUE TO DOUNSTREAM CONTROL, NOT INSUFFICIENT CAPACITY- VELOCITY I S  
BASED ON ELEVATION OF HYDRAULIC GRADE LINE AT DOWWSTREAM ELEVATION. 

JUNCTION LOSSES MAY NEED TO BE CONSIDERED AT SUBMERGED JUNCTIONS 



RUN 

TEXAS DEPARTMENT OF TRANSPORTATION 
TEXAS HYDRAULICS SYSTEM 

THYSYS 

STATIONING 

UPSTREAM 
JUNCTION I D  STATIONING 
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THYSYS 

TEXAS DEPARTMENT OF TRANSPORTATION 
TEXAS HYDRAULICS SYSTEM 

THYSYS 

Stanley Consultants, Inc. - Phoenix, AZ (Project No. 12168) 
f Storm Seuer Hydraulic Grade Line Analysis f o r  Red Mtn. Freeway 
S 10-Year Hydrology using ADOT Methodology 

$ SYSTEM M 
s 
S LETTER REPRESENTS 
s - - - - - -  - - - - - - - - - - - -  
S C CATCH BASIN 
f M MANHOLE 
S L ELBOU 
S J JUNCTION 
f 
S Run ID'S correspond t o  the construction plans p ipe run Labels 
S minus 100 f o r  node input i n t o  THYSYS. 
s 
SEWER ANALYSIS SEWER FREQUENCY= l O Y R  
f AREA I D  DRAINAGE SUBAREAS A THRU F T I M E  CONCEN. M I N .  DEGN I N C  SUPPLY" 

SLINEINLETA B C D E F LEN VEL TC SIZE 3 O R 6  Q 
$ - - -  - - - -  - - - -  - - - -  - - - -  - - - -  - - - -  - - - - -  - - - -  - - - -  - -  - - - - - -  
DA C 40 24 6 3.6 
DA C 41 7.3 
DA C 42 1.3 
DA C 43 0.8 
DA C 44 0.5 
DA C 45 0.9 
S Assuned s t a r t i n g  uater-surface elevat ion the top o f  p ipe 
WTLET STATIONING 0 T.U. ELEV 1206.42 E 20 
S RUN ID U.S. D.S. SOFFIT SOFFIT RUN CA Q N LOSS MAX 

L I N  L IN ELEV ELEV LEN ADD ADD COEF RISE 
- - -  - -  - -  - - -  US-------  DS-------  - - - -  - - - -  - - - -  - - - -  - - - -  - - - -  - - - -  

DSGN M l  C 40 M 10 US1217.70 DS1216.60 8 -012 24 CIRC 
DSGN M2 M 10 M 11 US1216.60 DS1213.92 155 -012 24 CIRC 
DSGN M3 C 41 M 11 US1214.14 DS1213.92 92 .012 24 CIRC 
DSGN M4A M 11 J 10 US1213.92 DS1213.44 25 .012 24 ClRC 
DSGN M5 C 42 J 10 US1214.27 DS1213.44 8 .012 24 C l R C  
DSGN M4B J 10 M 12 US1213.44 DS1211.97 76 .012 24 C I R C  
DSGN M6 C 43 M 12 US1212.86 DS1211.97 92 .012 24 C I R C  
DSGN M7 M 12 C 44 US1211.97 DS1211.45 63 .012 24 C I R C  
DSGN M8A C 44 J 11 US1211.45 DS1209.37 35 -012 24 C I R C  
DSGN M9 C 45 J 11 US1209.90 051209.37 49 .012 24 CIRC 
DSGN M8B J 11 E 20 US1209.37 DS1206.42 49 -012 24 C I R C  
S RUN ID U.S. D.S. BARR RISE SPAN HEAD 
S L I N  L IN NO. LOSS 
Sf - - -  - - -  - - -  - - - -  - - - -  - - - -  - - - - -  
ANAL M l  C 40 M 10 24 
ANAL M2 M 10 M 11 24 
ANAL M3 C 41 M 11 24 
ANAL M4A M 11 J 10 24 
ANAL M5 C 42 J 10 24 
ANAL M4B J 10 M 12 24 
ANAL M6 C 43 M 12 24 
ANAL M7 M 12 C 44 24 
ANAL M8A C 44 J 11 24 
ANAL M9 C 45 J 11 24 
ANAL M8B J 11 E 20 24 
ENDATA 
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THYSYS 

TEXAS DEPARTMENT OF TRANSPORTATION 
TEXAS HYDRAULICS SYSTEM 

THYSYS 

CUMULATIVE RUNOFF CALCULATIONS FOR PIPE RUNS 

RUN 
Ml 
u2 
M3 

M A  
M5 

H4B 

M6 
M7 
H8A 

M9 
M8B 

U.S. 
I .D. 
C40 
M l O  
C41 
M l l  
C42 
J10 
C43 
Ml2 
C44 
C45 
J11 

D.S. 
I .D. 
M l O  
M l l  
M l l  
J10 
J10 
mi2 
Ml2 
C44 
J l l  
J11 
E2O 

AREA 
-00 
.oo 
-00 
.oo 
-00 
-00 
.oo 
-00 
.oo 
-00 
.oo 

SUPPLY Q 
-00 
-00 
-00 
. 00 
. 00 
-00 
.oo 
.OD 
. 00 
-00 
. 00 

INTENSITY 
.oo 
.oo 
.oo 
.oo 
-00 
-00 
-00 
.oo 
.oo 
.oo 
-00 
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FLOU 
3.60 
3.60 
7.30 

10.90 
1.30 

12.20 
.80 

13.00 
13.50 

.90 
14.40 



THYSYS 

TEXAS DEPARTMENT OF TRANSPORTATION 
TEXAS HYDRAULICS SYSTEM 

THYSYS 

SEWER 

SEWER ANALYSIS 
CONFIWRATlON DATA 

U.S. D.S. 
U.S. D.S. F.L. F.L. LENGTH 

RUN ID ID ELEV ELEV FEET SLOPE BBLS RISE SPAN SHAPE 

C40 MI0 1215.70 1214.60 
MI0 MI1 1214.60 1211.92 
C41 n i l  1212.14 1211.92 

M l l  J10 1211.92 1211.44 
C42 J10 1212.27 1211.44 
J10 MI2 1211.44 1209.97 
C43 MI2 1210.86 1209.97 
MI2 C44 1209.97 1209.45 
C44 J l l  1209.45 1207.37 
C45 J11 1207.90 1207.37 
J11 E2O 1207.37 1204.42 

CIRC 
CIRC 
C I R C  

C I R C  

C I R C  

CIRC 
CIRC 
C I R C  
C I R C  

C I R C  
CIRC 
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THYSYS 

TEXAS DEPARTMENT OF TRANSPORTATION 
TEXAS HYDRAULICS SYSTEM 

THYSYS 
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HYDRAULIC DATA 

U.S. D.S. JUNC U.S. D.S. HYDR. PIPE 
RUN I D  ID N LOSS FLW HEAD HEAD GRAD DEPTH MLOC. CAPAC. 

ENTRANCE CONTROLS. TOTAL HEAD AT UPSTREAM END FOR RUN NO. M1 IS 
u o  nlo .012 -00 3.60 1216.64 1215.06 .00022 

M2 MlO M l l  .012 .Oo 3.60 1215.06 1212.70 .00022 
n3 C41 M l l  .012 -00 7.30 1213.26 1213.04 .00089 

WA M i l  JlO .012 .OO 10.90 1212.70 1212.26 .00198 
ENTRANCE CONTROLS. TOTAL HEAD AT UPSTREAM END FOR RUN NO. M5 IS  
M5 C42 J10 .012 -00 1.30 1212.85 1212.26 .00003 
M B  J10 Ml2 -012 .OO 12.20 1212.26 1211.07 -00248 

ENTRANCE CONTROLS. TOTAL HEAD AT UPSTREAM END FOR RUN NO. M6 I S  

M6 C43 MI2 .012 -00 .80 1211.35 1211.07 .00001 
M7 Ml2 C44 .012 -00 13.00 1211.07 1210.55 .00281 

M8A C44 J11 .012 .OO 13.50 1210.09 1208.03 -00303 
ENTRANCE CONTROLS. TOTAL HEAD AT UPSTREAM END FOR RUN NO. M9 IS 
M9 C45 J11 .012 .00 .90 1208.40 1208.03 .00001 

F(88 J11 E20 .012 .OO 14.40 1208.03 1206.42 .00345 

SEU0069--**PIPE FLWING FULL DUE TO DMSTREAM CONTROL, NOT INSUFFICIENT CAPACITY- VELOCITY IS BASED ON FULL FLOW. 
JUNCTION LOSSES MAY NEED TO BE CONSIDERED AT SUBMERGED JUNCTIONS 

SEU0071--*PIPE FLW DEPTH > NORMAL DEPTH DUE TO DWNSTREAM CONTROL, NOT INSUFFICIENT CAPACITY- VELOCITY IS  
BASED ON ELEVATION OF HYDRAULIC GRADE LINE AT DWNSTREAM ELEVATION. 

JUNCTION LOSSES MAY NEED TO BE CONSIDERED AT SUBMERGED JUNCTIONS 



THYSYS 

RUN 

TEXAS DEPARTMENT OF TRANSPORTATION 
TEXAS HYDRAULICS SYSTEM 

THYSYS 

STATIONING 

UPSTREAH 
JUNCTION I D  STATIONING 

Page 5 
DOS- VER 2 . 4 . 2  1 9 9 2  

1 4 - D e c - 1 9 9 5  1 1  :45 



THYSYS 

TEXAS DEPARTMENT OF TRANSPORTATION 
TEXAS HYDRAULICS SYSTEM 

THYSYS 

Stanley Consultants, Inc. - Phoenix, AZ (Pro jec t  No. 12168) 
S Storm Sewer Hydraul ic Grade L ine Ana lys is  f o r  Red Mtn. Freeway 
S 10-Year Hydrology us ing ADOT Methodology 
'b; SYSTEM M2 
s 
S LETTER REPRESENTS 
s - - - - - -  - - - - - - - - - - - -  
f C CATCH BASIN 
S M MANHOLE 
S L ELBW 
S J JUNCTION 
s 
S Run ID'S correspond t o  t he  cons t ruc t i on  plans pipe run  Labels 
S minus 100 f o r  node inprt i n t o  THYSYS. 
f 
SEUER ANALYSIS SEWER FREQUENCY= 10YR 
S AREA ID DRAINAGE SUBAREAS A THRU F TIME CONCEN. MIN.  DEGN INC SUPPLY** 
$LINE INLET A B C D E F LEN VEL TC SIZE 3 OR 6 Q 

S Assuned s t a r t i n g  water-surface e leva t i on  the bottom o f  p ipe  
OUTLET STATIONING 0 T.U. ELEV 1205.31 E 21 
S RUN ID U.S. D.S. SOFFIT SOFFIT RUN CA Q N LOSS MAX 
S L I N L  IN ELEV ELEV LEN ADD ADD COEF RISE 

- - -  - -  - -  - - -  US-- - - - - -  DS-- - - - - -  - - - -  - - - -  - - - -  - - - -  - - - -  - - - -  - - - -  
DSGN MI0 C 46 C 47 US1208.50 DS1207.37 96 .012 24 CIRC 
9SGN M l l  C 47  E 21 US1207.37 DS1207.31 22 .012 24 CIRC 

'UN ID U.S. D.S. BARR RISE SPAN HEAD 
L IN L IN NO. LOSS 
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ANAL MI0 C 46 C 47 24 
ANAL M l l  C 47 E 21 24 
ENDATA 



THYSYS 

TEXAS DEPARTMENT OF TRANSPORTATION 
TEXAS HYDRAULICS SYSTEM 

THYSYS 

CUMULATIVE RUNOFF CALCULATIONS FOR P I P E  RUNS 

U.S. D.S. CUMULATIVE 
RUN I.D. I.D. IICAII IITCII AREA "CA" "TC" S U P P L Y P  INTENSITY 

M I 0  C 4 6  C 4 7  - 0 0  .OO .OO .OO .OO .OO .OO 
M I 1  C 4 7  E 2 1  - 0 0  - 0 0  - 0 0  .OO .OO .OO .OO 

P a g e  2 
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FLOU 
.60  

2.20 



THYSYS 
TEXAS DEPARTMENT OF TRANSPORTATION 

TEXAS HYDRAULICS SYSTEM 
THYSYS 

SEWER 

S E E R  ANALYSIS 
CONFIGURATION DATA 

U.S. D.S. 
U.S. D.S. F.L. F.L. LENGTH 

RUN I D  I D  ELEV ELEV FEET SLOPE BBLS R I S E  SPAN SHAPE 
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M l O  C 4 6  C 4 7  1206 .50  1205 .37  96 . 0 1 1 7 7  1 2 4  2 4  CIRC 
M I 1  C47 E 2 1 1 2 0 5 . 3 7 1 2 0 5 . 3 1  2 2  . O O 2 R  1 2 4  2 4  CIRC 



THYSYS 
TEXAS DEPARTMENT OF TRANSPORTATION 

TEXAS HYDRAULICS SYSTEM 
THYSYS 
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HYDRAULIC DATA 

U.S. D.S. JUNC U.S. D.S. HYDR. P I P E  
RUN I D  I D  'N' LOSS FLOW HEAD HEAD GRAD DEPTH VELOC. CAPAC. 

ENTRANCE CONTROLS. TOTAL HEAD AT UPSTREAM END FOR RUN NO. M I 0  I S  .45  
M l O  C 4 6  C 4 7  .012 .OO -60 1206.95 1205 .93  . 0 0 0 0 1  .10  -8' 26.6 
M I 1  C 4 7  € 2 1  . 0 1 2  .OO 2 .20  1205 .93  1 2 0 5 . 8 7  . 0 0 0 0 8  .28 3.1f 12.8 

SEU0071- - *P IPE FLOW DEPTH > NORMAL DEPTH DUE TO DOWNSTREAM CONTROL, NOT INSUFFICIENT CAPACITY- VELOCITY I S  
BASED ON ELEVATION OF HYDRAULIC GRADE L I N E  AT DOWNSTREAM ELEVATION. 

JUNCTIGN LOSSES MAY NEED TO BE CONSIDERED AT SUBMERGED JUNCTIONS 



THYSYS 

RUN 

M I 0  
M l l  

TEXAS DEPARTMENT OF TRANSPORTATION 
TEXAS HYDRAULICS SYSTEM 

THYSYS 

STATIONING 

UPSTREAM 
JUNCTION I D  STATIONING 
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THYSYS 

TEXAS DEPARTMENT OF TRANSPORTATION 
TEXAS HYDRAULICS SYSTEM 

THYSYS 

Stanley Consultants, Inc. - Phoenix, AZ (Project No. 12168) 
S Storm Sewer Hydraulic Grade Line Analysis f o r  Red Mtn. Fr 
S 10-Year Hydrology using ADOT Methodology 
S SYSTEM N 
s 
S LETTER REPRESENTS 

S C CATCH BASIN 
S M MANHOLE 
S L ELBOU 
S J JUNCTION 
s 
S Rm ID'S correspond t o  the construction plans p ipe rm labels 
S minus 100 f o r  node inprt i n t o  THYSYS. 
s 
SEWER ANALYSIS SEVER FREQUENCY= 10YR 
6 AREA ID DRAINAGE SUBAREAS A THRU F TIME CONCEN. MIN.  DEGN INC WPPLY** 

$LINE INLET A B C D E F LEN E L  TC SIZE 3 OR 6 P 

DA C 51 24 
DA C 52 
DA C 53 
DA C 54 
DA C 55 
DA C 56 
DA C 57 
DA C 58 
DA C 59 

A s s d  s ta r t ing  uater-surface elevat ion i s  the m a x i m  
detention basin elevat ion from HEC-1 model 

CUTLET STATIONING 0 T.U. ELEV 1205.25 E 31 
S RUN ID U.S. D.S. SOFFIT SOFFIT RUN CA P N LOSS MAX 
S L IN L IN ELEV ELEV LEN ADD ADD COEF RISE 
f* - - -  --  - -  - - -  US------- DS------- - - - -  - - - -  - - - -  - - - -  - - - -  - - - -  - - - -  
DSGN N2 C 51 C 54 US1207.61 DS1207.40 96 -012 24 CIRC 
DSGN N3 C 52 C 53 US1208.08 DS1207.52 100 .Dl2 24 C I R C  
DSGN 14 C 53 C 54 US1207.52 DS1207.40 80 .Dl2 24 CIRC 
DSGN 15 C 54 C 55 US1207.40 DS1207.18 84 -012 30 CIRC 
DSGN 16 C 55 C 59 US1207.18 DS1206.95 84 -012 30 CIRC 
DSGN N7 C 56 C 59 US1207.28 DS1206.95 75 .012 24 CIRC 
DSGN N8 C 57 C 58 US1207.79 DS1207.38 90 .012 24 CIRC 
DSGN N9 C 58 C 59 US1207.38 DS1206.95 60 -012 24 CIRC 
DSGN Nl0 C 59 E 31 US1206.95 DS1206.79 22 .Dl2 30 CIRC 
S RUN ID U.S. D.S. BARR RISE SPAN HEAD 
S L IN L IN NO. LOSS 

ANAL N2 C 51 C 54 
ANAL N3 C 52 C 53 
ANAL N4 C 53 C 54 
ANAL 15 C 54 C 55 
ANAL N6 C 55 C 59 
ANAL N7 C 56 C 59 
ANAL N8 C 57 C 58 
ANAL N9 C 58 C 59 
ANAL N10 C 59 E 31 
ENDATA 
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THYSYS 

TEXAS DEPARTMENT OF TRANSPORTATION 
TEXAS HYDRAULICS SYSTEM 

THYSYS 

SEWER 

CUMULATIVE RUNOFF CALCULATIONS FOR P I P E  RUNS 

RUN 
N2 
N 3  
N4 
15 
N 6  
N 7  
N 8  
N 9  

110 

U.S. 
I .D. 
C5 1 
C52 
C53 
C54 
C55 
C56 
c57 
C58 
C59 

D.S. 
I .D. 
C54 
C53 
C54 
C55 
C 5 9  
C59 

C58 
C59 
E 3  1 

AREA 
. 00 
.oo 
.DO 
-00 
.oo 
.oo 
.oo 
.oo 
.oo 

CUMULATIVE 
IIC'II IITCII 

.oo .oo 

.oo .oo 

.oo .oo 
-00 .oo 
.oo .oo 
- 0 0  - 0 0  
.oo .oo 
.oo .oo 
.oo .oo 

SUPPLY a 
.oo 
.oo 
.oo 
.oo 
.oo 
-00  
. 00 
-00 
.oo 

INTENSITY 
.oo 
-00 
.oo 
.oo 
.oo 
-00 
.oo 
. 00 
.oo 
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THYSYS 

TEXAS DEPARTMENT OF TRANSPORTATION 
TEXAS HYDRAULICS SYSTEM 

THYSYS 

S E E R  

S E E R  ANALYSIS 
CONFIGURATION DATA 

U.S. D.S. 
U.S. D.S. F.L. F.L. LENGTH 

RUN I 0  I D  ELEV ELEV FEET SLOPE BBLS R I S E  SPAN SHAPE 

2 4  CIRC 
2 4  CIRC 
24 C I R C  

3 0  CIRC 
3 0  CIRC 
2 4  CIRC 
2 4  CIRC 
2 4  CIRC 
30 CIRC 

P a g e  3 
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THYSYS 
TEXAS DEPARTMENT OF TRANSPORTATION 

TEXAS HYDRAULICS SYSTEM 
THYSYS 

HYDRAULIC DATA 

U.S. D.S. JUNC U.S. D.S. HYDR. PIPE 
RUN ID ID 'N' LOSS FLOW HEAD HEAD GRAD DEPTH VELOC. CAPAC. 

N2 C51 C54 -012 -00 4.40 1206.47 1206.35 -00032 
ENTRANCE CONTROLS. TOTAL HEAD AT UPSTREAM END FOR RUN NO. N3 IS 
N3 C52 C53 .012 .00 7.90 1207.55 1207.02 .00104 
N4 C53 C54 -012 .OO 8.70 1207.02 1206.90 .00126 
N5 C54 C55 -012 .OO 14.60 1206.35 1206.23 .00108 
16 C55 C59 -012 .OO 16.60 1206.23 1206.00 .00140 
N7 C56 C59 .012 .OO .60 1205.73 1205.72 .00001 
N 8  C57 C58 -012 -00 -80 1206.09 1205.74 .00001 
N9 C58 C59 -012 -00 1.50 1205.74 1205.72 -00004 

N10 C59 E31 .012 .OO 19.80 1205.72 1205.57 -00199 
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SEU0071--*PIPE FLOW DEPTH > NORMAL DEPTH DUE TO DOMSTREAM CONTROL, NOT INSUFFICIENT CAPACITY- VELOCITY I S  

BASED ON ELEVATIOW OF HYDRAULIC GRADE LINE AT DOMSTREAM ELEVATION. 
JUNCTION LOSSES M Y  NEED TO BE CONSIDERED AT SUBMERGED JUNCTIONS 



THYSYS 

RUN 

TEXAS DEPARTMENT OF TRANSPORTATION 
TEXAS HYDRAULICS SYSTEM 

THYSYS 

STATIONING 

UPSTREAM 
JUNCTION I D  STATIONING 
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THYSYS 

TEXAS DEPARTMENT OF TRANSPORTATION 
TEXAS HYDRAULICS SYSTEM 

THYSYS 

Stanley Consultants, Inc. - Phoenix, AZ (Project No. 12168) 

$ Storm Sewer Hydraulic Grade Line Analysis fo r  Red Mtn. Freeway 
S 10-Year Hydrology using ADOT Methodology 
S SYSTEM N2 
s 
S LETTER REPRESENTS 
S - - - - - -  - - - - - - - - - - - -  
S C CATCH BASIN 
S M MANHOLE 
S L ELBOW 
S J JUNCTION 
s 
S Run ID'S correspond t o  the construct ion plans pipe run Labels 
S minus 100 f o r  node irprt i n t o  THYSYS. 
s 
SEUER ANALYSIS SEWER FREQUENCY= 10YR 
S AREA I D  DRAINAGE SUBAREAS A THRU F TIME CONCEN. MIN .  DEGN I N C  SUPPLY** 

SLINEINLETA B C D E F LEN VEL TC SIZE 3 O R 6  P 

S Assuned s t a r t i n g  water-surface elevat ion i s  the m a x i m  
$ detent ion basin e levat ion from HEC-1 model 
OUTLET STATIONING 0 T.U. ELEV 1206.69 E 37 
S RUN ID U.S. D.S. SOFFIT SOFFIT RUN CA P N LOSS MAX 
S L IN L I N  ELEV ELEV LEN ADD ADD COEF RISE 
S* - - -  - -  - -  - - -  US-------  DS-------  - - - -  - - - -  - - - -  - - - -  - - - -  - - - -  - 
9SGN N15 J 38 M 61 US1221.57 DS1218.04 160 .012 24 C I R C  

7N N16 M 61 M 60 US1218.04 DS1215.30 224 .012 24 CIRC 
;N MI7 M 60 C 62 US1215.30 DS1214.85 9 -012 24 CIRC 

DSGN Nl8 C 62 E 37 US1214.85 DS1208.69 118 .012 24 C I R C  
S RUN ID U.S. D.S. BARR RISE SPAN HEAD 
$ L I N  L IN NO. LOSS 
* - - - - - - - - - - - - - - - - - - - - - - - - - -  
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ANAL N15 J 38 M 61 24 
ANAL Nl6 M 61 M 60 24 
ANAL N17 M 60 C 62 24 
ANAL N18 C 62 E 37 24 
ENDATA 



THYSYS 
TEXAS DEPARTMENT OF TRANSPORTATION 

TEXAS HYDRAULICS SYSTEM 
THYSYS 

SEVER 

C U W L A T I V E  RUNOFF CALCULATIONS FOR P I P E  RUNS 

U.S. D.S. N M U L A T I M  
RUN I.D. 1.D. II(~II IITCII AREA "CA" "TC" SUPPLY Q INTENSITY 

N15 J 3 8  W1 .OO . 00 -00 .OO - 0 0  -00 .OO 
N 1 6  H61 W .OO .OO .OO .OO .OO .OO .OO 
N 1 7  W C 6 2  -00 .OO -00 .OO - 0 0  -00 - 0 0  
N 1 8  C62 € 3 7  - 0 0  - 0 0  -00 - 0 0  - 0 0  -00 .OO 

P a g e  2 
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THYSYS 
TEXAS DEPARTMENT OF TRANSPORTATION 

TEXAS HYDRAULICS SYSTEM 
THYSYS 

SEVER ANALYSIS 
CONFIGURATION DATA 

U.S. D.S. 
U.S. D.S. F.L. F.L. LENGTH 

RUN I D  ID ELEV ELEV FEET SLOPE BBLS RISE SPAN SHAPE 

N15 J38 M61 1219.57 1216.04 160 .02206 1 24 24 C I R C  
Nl6 F(61 M60 1216.04 1213.30 224 .01223 1 24 24 C l R C  
N17 M60 C62 1213.30 1212.85 9 -05001 1 24 24 C l R C  
N18 C62 E371212.851206.69 118 -05220 1 24 24 C l R C  
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THYSYS 
TEXAS DEPARTMENT OF TRANSPORTATION 

TEXAS HYDRAULICS SYSTEM 
THYSYS 
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HYDRAULIC DATA 

U.S. D.S. JUNC U.S. D.S. HYDR. P I P E  
RUN I D  I D  'N' LOSS F L W  HEAD HEAD GRAD DEPTH VELOC. CAPAC. 

ENTRANCE CONTROLS. TOTAL HEAD AT UPSTREAn END FOR RUN NO. N15 I S  2.00 
N15 J 3 8  M61 . D l 2  -00 12.60 1221.57  1217.00 .00264 - 4 1  8.5* 36.4 
1116 M61 M6D .012  .DO 12.60 1217.00 1214.26 .00264 -48 8.5 27.1 
N 1 7  M60 C62 .012 -00 12.60 1213.96  1213.51 .00264 -33 13.P 54.8 
N18 C62 E 3 7  .012 -00 13.40 1213.51 1207.35 .00299 .33 1 4 . P  56.0 

S E M 0 7 1 - - * P I P E  FLOU DEPTH > NORMAL DEPTH DUE TO DOWNSTREAM CONTROL, NOT INSUFFICIENT CAPACITY- VELOCITY I S  
BASED ON ELEVATION OF HYDRAULIC GRADE L INE AT DOWNSTREAM ELEVATION. 

JUNCTION LOSSES MAY NEED TO BE CONSIDERED AT SUBMERGED JUNCTIONS 



RUN 

TEXAS DEPARTMENT OF TRANSPORTAT ION 
TEXAS HYDRAULICS SYSTEM 

THYSYS 

STATIONING 

UPSTREAM 
JUNCTION I D  STATIONING 

Page 5 
DOS- VER 2.4.2 1992 

15-Dec-1995 9:23 




