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SECTION HY-1: INTRODUCTION 

The information and analyses presented in this hydrology report are part of the scope of work 

performed by Entellus, Inc. for the Flood Control District of Maricopa County (District) as part of 

the Wittmann Area Drainage Master Study Update under Contract FCD No. 2002C029. The 

purpose of this report is to present the results of the Hydrology Analysis. In addition, it documents 

the methodology, assumptions, problems and solutions encountered during the development of the 

hydrology models. 

1.1 Project Location 

The study area is located in north-central Maricopa County and is bounded by the Hieroglyphic 

Mountains to the north and northeast, the White Tank Mountains and McMicken Dam and its outlet 

a channel to the south, the Agua Fria River to the east, and the Hassayampa River basin to the west 

(Figure HY-1.1). The total watershed area is approximately 320 square miles. The study area 

consists of mostly undeveloped land. However, several small communities exist, and several 

developments are either under construction, or in the planning stage. The unincorporated towns of 

Wittmann and Circle City are located along US Highway 60 (US 60) in the center of the study area. 

The Cities of Surprise, Peoria and the Town of Buckeye have annexed portions of the study area, 

although most of the area remains undeveloped, or low-density scattered rural residential lands in 

unincorporated Maricopa County. 

The watershed contains several major natural watercourses, mainly: Wittmann Wash, Trilby Wash, 

Iona Wash, Padelford Wash, and Picacho Wash. Additionally, several man-made features traverse 

the watershed and cross the natural channels including the Central Arizona Project (CAP) Canal, 

Sun Valley Parkway, US 60, State Route 74 (SR 74), and Burlington Northern & Santa Fe (BNSF) 

Railroad. Other significant structures include the McMicken Dam and outlet channel, Bonita Dam, 





and the Beardsley Canal. The study area has been divided into eight major sub-watersheds as shown 

in Figure HY-1.2. 

1.2 Hydrologic Methodology and Results 

The hydrologic analysis was performed using the US Army Corps of Engineer's HEC-1 Flood 

Hydrograph Package. The precipitation runoff model was developed following the procedures and 

parameters recommended in the District's Drainage Design Manual for Maricopa County, Volume I, 

Hydrology (Hydrology Manual) (Reference 15). The soil losses were estimated using the Green & 

Ampt method and the Clark Unit hydrograph and S-graphs were used to route excess runoff within 

the subbasins to their concentration points. 

The peak runoff has increased significantly compared to the flows developed during the original 

Wittmann Area Drainage Master Study (Reference 40). These differences can be explained 

partially by the increase in development in the area, but mostly by the change in methodology used 

for the current study in accordance with the Hydrology Manual. The results of this study compare 

@ well with county-wide stream gage data and appear to be reasonable. 
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SECTION HY-2: ADWRIFEMA FORMS 

The contents of this section are located in: Volume HD - Floodpluin Delineation (Section 5, 

Hydraulics) of the "Wittmunn Area Drainage Master Study Update Report. " 
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SECTION HY-3: MAPPING AND SURVEY INFORMATION 

3.1 Mapping 

The base map used for this study was furnished by the District based on four different 

sources: 

USGS 7.5 minute quadrangle topographic mapping (Reference 1) 

400-scale, 10-foot contour mapping (Reference 2) 

200 scale, 4-foot contour mapping (Reference 3) 

100 scale, 2-foot contour mapping (Reference 4) 

Figure HY-3.1 shows the location of each type of mapping used. All other mapping other 

than the USGS mapping was prepared by Landata, Inc. for the District under separate 

contract. The vertical control was based on the North American Vertical Datum of 1988 

(NAVD-88), and horizontal control was based on State Plane Coordinate System Arizona 

Central (1983 NAD). The District provided Entellus with a composite ASCII grid file 

developed from all four of these mapping sources. 

3.1.1 Watershed Map 

Watershed boundaries and hydrologic parameters were determined primarily from the 

topographic base map furnished by the District. Aerial photography and field 

observations were also used to determine basin boundaries. Plate HY-6 contains a 

plot of the general topography of the area based on the best topographic mapping 

available, which include USGS 10-foot contour interval (C.I.), 4-foot C.I., and 2-foot 

C.I. mapping (Reference 1-4). For the areas where 2- and 4-foot C.I. mapping was 

available, only the index contours were plotted. 

Entellus',, 
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3.1.2 Soils Map 

Electronic soils maps were furnished by the District's GIs Department for the portion 

of the watershed within Maricopa County. This mapping is a digital version of the 

Natural Resources Conservation Service (NRCS, formerly SCS) Soil Survey of 

Maricopa County, Arizona-Central Part (Reference 5) and Soil Survey of Aguila- 

Carefree Area (Reference 6). For the area outside of Maricopa County, the soils 

information was digitized from the Soil Survey of Yavapai County, Arizona, Western 

Part (Reference 7). Plate HY-5 contains the soils data provided by the District. 

3.1.3 Land Use Map (Existing Conditions) 

Existing land use information was created from the 2002 aerial photos provided by 

the District (Reference 8) and the County Assessor's maps (Reference 9). The 

existing land use types are presented in Plate HY-3. 

3.1.4 Land Use Map (Ultimate Development) 

Future condition land use information was provided by the District's GIS Department 

and corresponds to the Maricopa Association of Governments' (MAG) General Plan. 

Entellus cross-referenced MAG's general plan with the general plans for the Cities of 

Surprise and Peoria due to the fact that each plan has different nomenclature for land 

use types. For the most part, the plans are in close agreement. However, there were 

some small areas with differences in development density in the City of Surprise. 

The future land use map (MAG's General Plan) was modified to include the land uses 

shown in the City of Surprise's Land Use Plan. Comparisons between the two plans 

are included in Appendix D.2.2. 

The differences between the MAG General Plan and City of Peoria's plan were 

considered insignificant. Peoria's plan included three land uses that had a range of 

dwelling units per acre that overlapped MAG's ranges. The future land use is 

presented in Plate HY-4. 
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A small portion of the western edge of the Sun Valley sub-watershed falls within the 

Town of Buckeye. The land use category in this small portion is Rural Residential 

with undefined dwelling unit density; therefore, MAG'S designation was used. 

3.2 Survey Information 

Entellus has not performed any new field survey for the hydrology analysis. Survey data, 

prepared for the District by DTM Inc., were provided to Entellus, Inc. in the following four 

Structure Survey Reports: 

Wittmann ADMP State Route 74 Structure Surveys (Reference 10) 

Wittmann ADMP Highway 60-Railroad Structure Surveys (Reference 11) 

Wittmann ADMP Sun Valley Parkway Structure Surveys (Reference 12) 

Wittmann ADMP CAP Canal Structure Surveys (Reference 13) 

* Q 
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@ SECTION HY-4: HYDROLOGY 

4.1 Method Description 

The U.S. Army Corps of Engineers' HEC-1 Flood Hydrograph Package, hydrologic 

rainfall/runoff computer program, Version 4.1, was used to generate peak flows in this study 

area. Input parameters for the hydrologic modeling were developed using the 2003 version 

of the Watershed Modeling System (WMS) 7.0 software developed by Brigham Young 

University (Reference 14). The procedures and model parameters were based on the 

Drainage Design Manual for Maricopa County - Volume 1 -Hydrology Revised I997 

(hereinafter referred to as the Hydrology Manual) (Reference 15). The following hydrologic 

models were prepared: 

100-yr, 24-hr Existing 

100-yr, 6-hr Existing 

100-yr, 24-hr Future (ultimate development) 

100-yr, 6-hr Future (ultimate development) 

The models were developed using Green and Ampt methodology to estimate the rainfall 

losses. Excess rainfall was collected at concentration points using the Clark Unit 

Hydrograph methodology. The flows were then routed downstream using the normal depth 

channel routing option of HEC-1. Ponding and storage was modeled using the level pool 

reservoir routing. S-Graphs were used for the two basins above Bonita Dam per direction 

from the District. This was done to match a prior study prepared by others for the analysis of 

the breaching of this dam (Reference 39). 

The flow routing schematic for runoff modeling is presented in Plates HY-1 (sheets A-D). 

The 24-hour existing condition model was used as the base model for this study. For large 

watersheds, the 24-hour duration storm produces higher peak flows and runoff volumes than 
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lesser duration storms. However, the 6-hour duration storm was also modeled because for 

smaller subbasins at intermediate concentration points, the 6-hour storm may generate higher 

peak flows. The final results of the study include the larger of the peak flows generated by 

the two storm durations at intermediate concentration points. 

4.2 Parameter Estimation 

4.2.1 Drainage Area Boundary 

Based on the topographic mapping information and watershed characteristics, the 

watershed was divided into major sub-watersheds as shown in Figure HY-1.2. The 

majority of the study area drains into McMicken Dam. The watershed contributing to 

the dam is approximately 220 square miles. An additional 90 square miles drains into 

the McMicken Outlet Channel and McMicken Outlet Wash for a total of 

approximately 310 square miles. An additional seven square miles contribute runoff 

to McMicken Outlet Wash downstream of the McMicken Outlet Channel confluence. 

For clarity the watershed was divided into eight sub-watersheds. 

White Tank Mountains sub-watershed (WT1) 

Sun Valley Parkway sub-watershed (SV2) 

Iona Wash sub-watershed (IW3) 

Trilby Wash sub-watershed (TW4) 

Wittmann Wash sub-watershed (WI5) 

Picacho Wash sub-watershed (PI6) 

Padelford Wash sub-watershed (PD7) 

Agua Fria River sub-watershed (AFS) 

Each of the sub-watersheds was further divided into subbasins. Concentration points 

were created at strategic places such as the natural confluence of tributaries and at 

split flow locations, and where manmade drainage facilities or structures appeared 



likely to affect runoff characteristics. Concentration points were also located at 

existing developments that have been or could possibly be impacted by flooding. 

The US 60, SR 74, Sun Valley Parkway, and the BNSF Railroad affect the movement 

of runoff throughout the study area watershed. There are more than 300 culverts 

along these major transportation facilities. In this study, only those culverts that were 

deemed to have a significant impact on runoff were modeled. For example, 

concentration points were only created at culverts with significant storage at the 

structure to attenuate runoff or where runoff might be diverted to an adjacent 

subbasin that is tributary to a different downstream concentration point. An 

additional consideration is that roads and drainage facilities appear to be fairly new 

and are not likely to be modified or replaced for the foreseeable future. Therefore, 

discharge values at newer culvert locations would not be needed for future drainage 

infrastructure planning purposes. 

The most significant man-made facility affecting runoff within the study area other 

than McMicken Dam is the CAP Canal. The CAP Canal has a high embankment on 

the north (upstream) side to protect it from flooding. This embankment provides a 

large impoundment area upstream with the potential of storing a significant volume of 

flow. Flows intercepted by the canal are then routed to 22 different overchutes of 

various sizes and types that discharge to the downstream side of the canal. The CAP 

Canal has a significant effect on the watershed response, cutting off historic flows in 

many areas and concentrating runoff in channels downstream of the overchute 

locations. Subbasin boundaries were placed along the canal alignment in order to 

model the effect of the storage and the routing of flow through the structures. 

There are two other structures of some significance located within the study area that 

also affect runoff, Lake Bonita Dam and the Beardsley Canal. Lake Bonita Dam has 

been classified by ADWR as an unsafe dam. According to ADWR, this dam cannot 

withstand a significant runoff event without failing. ADWR is currently developing a * Q 
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plan to permanently breach the dam, and it expects the work to be completed within 

the next few years. This is an ADWR project currently under design with technical 

assistance from the District. We have been directed by the District to include a 

concentration point at the location of the dam, but not to model the dam itself. This is 

in anticipation of it being removed in the near future. Therefore, the results of the 

hydrologic analysis assume that the dam has been removed and flows are allowed to 

pass through the impoundment area freely. 

The Beardsley Canal has four-cross drainage structures within the study area; 

however, the canal does not appear to have adequate storage or a collection system on 

the upstream side to prevent it from being overtopped during a severe runoff event. 

Aerial photos appear to confirm that the canal has been overtopped in the past. 

Storage was modeled along the upstream side of the Beardsley Canal, although it is 

not as significant as the storage behind the CAP Canal. Basin boundaries reflect the 

impoundment areas and locations of the overchutes along the canal. 

There are other minor facilitieslstructures such as small diversion ditches or dikes and 

small culverts at numerous locations throughout the watershed. However, most of 

these structures are small, old, not maintained, do not appear to meet current design 

standards, andlor appear to be intended for only minor runoff events. Therefore, 

these features were generally ignored and basin boundaries do not reflect their 

presence. 

4.2.2 Watershed Work Maps 

The work maps for this study are essentially all the various GIs layers and mapping 

provided by the District, as described earlier in this report under Section HY-3. 

The parameters used in the models and the basin and routing information are depicted 

in Plates HY-1 through HY-8. Eight sub-watersheds were identified and named after 

the main wash or a prominent feature in the area as shown in Figure HY-1.2. The 

subbasins were named with five to six alphanumeric characters. The first three 
4-4 
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characters identify the sub-watershed where the subbasin is located (See Section 

4.2.1 for abbreviation), and the remaining characters are numeric values usually 

starting at the downstream end of the sub-watershed and increasing in the upstream 

direction. The subbasin identifier is preceded by a letter that represents the type of 

operation being performed. 

R Route 

C Concentration Point 

D Diversion 

S Storage Route 

For example, CWI505 is a concentration point of subbasin WI505 in the Wittmann 

sub-watershed. 

Plates HY-1 (sheets A-D) show the schematic diagram of the hydrologic model. It is 

noted that portions of the Padelford sub-watershed are not included in these plates. 

This area was recently studied separately as part of the Padelford Wash Floodplain 

Delineation Study (Reference 26), and its results were incorporated in this analysis. 

A copy of the Padelford Wash Floodplain Delineation Study schematic map was 

reproduced and included in this report as Plate HY-IE. Plate HY-2 shows the time 

of concentration paths, routed paths and concentration point locations. Plates HY-3 

through HY-5 shows the distribution of soils and the existing and future land uses. 

Plate HY-6 shows the topographic information used for this study, and Plates HY-7 

and HY-8 show the generalized hydraulic parameters used to determine routing reach 

response to runoff. 

4.2.3 Gage Data 

There are five stage gages in the study area. The first gage is located at the 

McMicken Dam Principal Spillway, near the US 60 and 163'~ Avenue. This gage has 

data from the last 20 years. The second gage location is on the bank of the 

McMicken Floodway (Outlet Channel), just downstream of the first gage. This gage 

has data from the last ten years. The third gage is located in the Ford Canyon Wash, 

in the White Tank Mountain Regional Park, one-quarter mile north of Ford Canyon 
4-5 
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Road. This gage has records for the last two years. The fourth gage is located on the 

east slope of the White Tank Mountains, and this gage has data for the past fifteen 

years. The last gage location is in the Upper Trilby Wash, two miles upstream of 

Castle Hot Springs Road. This gage has records from the last three years. These 

gages were not used specifically in this project, but some of the gage data are 

incorporated in the Flood Frequency Analysis of Stream Flow Stations (Reference 

17), which was used in the verification of the results from this model as discussed in 

Section 4.6. The gages at the McMicken Dam Spillway and the McMicken outlet 

Channel are the only gages in the study area that have a long enough period of record 

to be useful for calibration. Gage data for the McMicken Outlet Channel and the 

McMicken Dam Spillway were obtained from the District's website and are included 

in Appendix D.1.3. 

There are 13 precipitation gages scattered throughout the study area. However, the 

majority of these gages have less than four years of record and their usefulness in 

calibrating the model is limited. 

4.2.4 Statistical Parameters 

Precipitationlrunoff models were developed to evaluate the hydrologic response of 

the study area. New statistical data were not developed as part of this study. 

However, results of the runoff models were compared with gage data collected by the 

District for the entire County, which is located in Flood Frequency Analysis of 

Stream Flow Stations (Reference 17). The results appear to be within the range of 

expectation for this type of terrain. Also, the results were compared with the results 

from regional regression equations. These comparisons are presented later in Section 

HY-4.6. 

The stage gages located at the McMicken Dam and at the McMicken Outlet Channel 

have long enough periods of record to obtain meaningful stream data statistical 

analysis using the Log-Pearson Type 111 analysis as described in Bulletin 17B - 



of these gages measure flows that have been significantly affected by the storage in 

McMicken Dam and the procedures specified in Bulletin 17B are not applicable to 

watersheds with significant storage. 

4.2.5 Precipitation 

4.2.5.1 100-year, 24-hour Rainfall Estimation 

Precipitation totals for the 100-year, 24-hour event were obtained from the 

isopluvial maps contained in the NOAA Atlas 2 Precipitation Frequency 

Atlas of the Western United States - Volume VIII Arizona (Reference IS), 

hereafter referred to as NOAA Atlas 2, and selected isopluvial maps for 

Maricopa County located in the Hydrology Manual. The SCS Type I1 24- 

hour precipitation distribution was used as encoded in the WMS software. 

Areal reduction was performed using the JD record option of HEC-1 and 

based on the curves provided in the Hydrology Manual. 

4.2.5.2 100-Year, 6-Hour Rainfall Estimation 

Precipitation totals for the 100-year, 6-hour event were obtained from the 

isopluvial maps contained in the NOAA Atlas 2 and selected isopluvial 

maps for Maricopa County, which are located in the Hydrology Manual. 

The Maricopa County 6-hour local distribution was used, as provided in 

the Hydrology Manual. Areal reduction was performed using the JD 

record option of HEC-1 and based on the curves provided in the 

Hydrology Manual. 

4.2.6 Physical Parameters 

4.2.6.1 Basin Parameters 

Soils: As previously noted, the District provided soils data within 

Maricopa County in digital format. The soils map is a digital version of 

the Soil Survey of Aguila-Carefree Area (Reference 6) and the Soil Survey 
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of Maricopa County, Arizonu-Central Part (Reference 5). Soils within 

Yavapai County were obtained from the Soil Survey of Yavapai County, 

Arizona, Western Part (Reference 7). 

The District provided the hydraulic conductivity (XKSAT) values for the 

portion of the watershed within Maricopa County in the form of a GIS 

database table. The table was appended to include XKSAT values for the 

soils in Yavapai County. The XKSAT values for soils in Yavapai County 

were estimated based on the procedure outlined in the Hydrology Manual. 

The procedure and calculations for soils in Yavapai County are included 

in Appendix D.2.1. 

Green and Ampt parameters were generated using the WMS software 

(Reference 14) and were automatically estimated from the soil and land 

use data. During the development of the McMicken Dam hydrologic 

model performed separately under this contract, several basins were tested 

using the District's Drainage Design Menu System (DDMS) program 

(Reference 19) to verify WMS's calculation of these parameters. The 

Green and Ampt parameters generated from both programs were virtually 

identical. Details of these comparisons and a summary table of the Green 

and Ampt parameters used for these basins are documented in Volume 

MD McMicken Dam Hydrology. 

Land Use: Existing land use was estimated based on the analysis of aerial 

photography provided by the District (Reference 8) and the County 

Assessor's maps (Reference 9). Areas with similar development 

characteristics were identified, and a land use type designation was 

assigned based on density and type of development. 
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Future land use was provided by the District in digital format and reflects 

the MAG General Plan development. As previously stated, existing land 

use is generally undeveloped; therefore, there will be a significant 

difference in land use as the area develops to its ultimate density. Other 

differences would include improvements to the White Tank Mountain 

Regional Park that is called for in the General Plan. 

There are 38 different MAG land use categories. Table 4.211 from The 

Hydrology Manual only lists seven categories. However, the District is in 

the process of updating its manual, and the Draft Hydrology Manual 

(Reference 37) was consulted because it includes additional categories for 

a total of 17. Based on the values recommended in the Hydrology Manual 

and the Draj? Hydrology Manual, the land use parameters for all 38 MAG 

land use categories were assigned. Appendix D.2.2 includes copies of 

land use tables from both hydrology manuals and the modified table that 

summarize the land use classifications and parameters used for this study. 

The Hydrology Manual recommends adjusting the land use parameters in 

order to represent typical development within the study area. The 

parameters were adjusted in four different ways: 

Adjustments to four categories were made to reflect the difference 

in density based on dwelling units per acre. For example, there is 

only one LDR (Low Density Residential) category in Table 4.2 of 

the Draft Hydrology Design Manual. LDR-1 and LDR-2 were 

created in order to match the MAG land use plan. Because the 

MAG plan lists different dwelling units per acre, the percent 

impervious values were adjusted to reflect a value that fell between 

the next higher and lower density category. Also vegetative cover 



was increased from 30% to 50% since the lots are smaller and 

more likely to be landscaped. 

A 5% impervious value was used for three of the four open space 

categories because the descriptions included some type of 

development (parks, golf courses, and undetermined). 

For any developed area with grass, normal saturation conditions 

were assumed, since the grass requires some watering. 

Adjustments to the percent vegetation cover were made in order to 

reflect conditions observed in the existing developments within the 

study area. The adjustments were made for specific use categories, 

primarily industrial and open space. The values for vegetation 

cover found in Table 4.2 of the Draft Hydrology Manual and Table 

4 . 2 ~  of the Hydrology Manual seemed extremely high compared to 

what has been observed in developed areas within the study area. 

Most developments within the study area have maintained natural 

desert or bare ground for their landscaping. In order to reflect 

these conditions, the percent vegetation cover for the open space 

categories were adjusted downward. The vegetation cover for 

undefined and passive Open Space (natural desert) was adjusted 

down from 90% to 30%. The ground cover was reduced from 90% 

to 50% for active parks and to 75% for golf courses. For 

commercial land use, the value was reduced from 75% to 60% 

because the tendency in the area is towards natural landscaping 

The City of Surprise, Town of Buckeye, and City of Peoria all have 

developed their own general plans, which differ slightly from the MAG 

general plan. The areas affected by this variation are few, and the 



differences in land use slight. Where differences occurred, the land use 

classifications with the highest density were used. Graphics of various 

General Plans are in Appendix D.2.2. 

There are several subbasins where the calculated percent impervious for 

existing conditions is greater than for future conditions. This is due to the 

difference in the level of detail between the existing conditions and the 

future conditions land use information. The existing conditions land use is 

much more detailed than the MAG land use plan. An example of this 

difference is at Circle City. For the existing conditions land use it was 

determined that the area of Circle City was MDR-1: Medium Lot 

Residential - Single Family (2-4 du per acre) which corresponds to a 

percent impervious of 30%. The MAG land use plan, as used for the 

future land use, shows Circle City, as well as a large surrounding area, as 

being LDR-1: Estate Residential (115 to 1 du per acre), which corresponds 

to a percent impervious of 10%. Thus the percent impervious for the 

subbasin containing Circle City is greater for the existing conditions than 

it is for the future conditions. The existing conditions land use is a site 

specific land use condition, where the future land use is a general plan for 

the entire area. Some areas within the LDR-1 designation may be more or 

less dense in the future, but the MAG land use plan for the entire LDR-I 

area where Circle City is contained is approximately 115 to 1 du per acre. 

4.2.6.2 Clark Unit Hydrograph 

The Clark unit hydrograph was used to route excess runoff within a 

subbasin to its concentration point, with the exception of subbasins 

PD726B and PD740. The area covered by these subbasins was modeled 

using S-graphs as part of the Lake Bonita Dam breaching project currently 

under development by ADWR. The results of this analysis are presented 

in the Hydrologic Study for Bonita Dam - Maricopa County, Arizona 



(Reference 39). Per the District's request, S-graphs were used for these 

two subbasins for consistency. 

4.2.6.3 Time of Concentration 

The slope and the hydraulic length of each subbasin were manually 

estimated based on the topographic mapping and the procedures in the 

Hydrology Manual. For subbasins with a slope greater than 200 ftlmile, 

an adjusted slope was calculated based on Figure 5.4 from the Hydrology 

Manual. A copy of this figure can be found in Appendix D.2.3. 

The subbasin time of concentration and storage coefficient (R-values) 

were estimated using WMS 7.0 and by following the procedures outlined 

in the Hydrology Manual. The parameters used in the time of 

concentration calculations and the results are listed in Table HY-D.2.3 

located in Appendix D.2.3. 

The Resistance coefficient Kb values used to estimate the time of 

concentrations were estimated using the equation and parameters included 

in Table 5.3 of the Hydrology Manual. Plate HY-7 shows the four 

different roughness classes used to estimate the Kb value. The same 

roughness classes were use for both existing and future condition. This 

was based on the assumption that most of the natural drainage network 

would be maintained as the area develops. Development usually 

decreases the Kb value since it tends to channelize the washes. However, 

there is also an opposite effect occurring because the increased amount of 

obstructions such as roadway crossings and structures. For this study it 

was assumed that these two effects of development offset each other and 

that there is not a significant difference in the resistance coefficient. 
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The Tc and R values vary with the rainfall intensity and usually need to be 

recalculated for each storm. The Tc and R values were calculated for both 

the 24-hour and the 6-hour storms. 

The times of concentration were checked for excessively long values 

(larger than 90 minutes). WMS defaults to 90 minutes when the 

calculated time of concentration is longer than 90 minutes. Entellus 

reviewed all subbasins that had this default value. For these subbasins, 

the time of concentration was manually computed using the procedure 

outlined in the Hydrology Manual. As a result of this review, several 

subbasins were further subdivided because a time of concentration longer 

than 90 minutes usually indicates that the subbasin size is too large for the 

assumptions on which the computational methods are based. Subbasins 

PD726A, PD736, PD756, PI654 and PI687 in the 24-hour models and 

PD736, PD756, PI654, PI687 and WI564 for the 6-hour models were the 

only basins left with a default Tc of 90 minutes. This value is very close 

to the manually obtained Tc, and it appears that 90 minutes is a good 

representation of the subbasin conditions. See Appendix D.2.3 for 

detailed calculations. 

The hydraulic length of subbasins along ponding areas such as the CAP 

Canal, Beardsley Canal, and McMicken Dam is shown in Plate HY-2 as 

the longest path to the concentration point. However, the actual length 

used to estimate the subbasin slope was adjusted to exclude the portions of 

this length that parallel the structure within the ponding area. The slope 

along this portion of the path is either mild or reverse and including it 

would reduce the average basin slope unrealistically. 

Time-area relations were defined for all subbasins. Two time-area 

relations were utilized: urban and natural. These Time-Area Relations 



were taken from the Hydrology Manual. For the existing conditions, 

aerial maps were examined for large areas of urban development. Any 

subbasin found containing a significant portion of existing development 

was deemed urban. The remaining subbasins were natural. For the future 

conditions models, the future land use map was examined and subbasins 

that were designated as future development were deemed urban, while 

open space was considered natural. Subbasins where the majority of the 

future planned development is residential, with a density of less than 1 

dwelling unit per acre, were assigned natural Time-Area Relations. 

Details are found in Table HY-D.2.3. 

4.2.6.4 Reach Routing Parameters 

The normal depth routing method was used to route flows from one 

concentration point to the next 

NSTEPS: The time steps (NSTEPS) used in the normal depth routing 

were estimated using an iterative process. The initial values for the 

NSTEPS were estimated using an assumed wave celerity of 3 to 10 fps, 

depending on the slope of the reach and using the following equation: 

ReachLength 
NSTEPS = 

Velocity * TimeStep * 60 

These initial time steps were entered in the model and the model was run. 

Then a new set of NSTEPS was estimated based on the difference between 

the time-to-peak of the inflow and outflow hydrographs using the 

following equation: 

ATime to peak 
NSTEPS = 

TimeStep 



This process was repeated until the NSTEPS value did not change 

significantly. Finally, the wave celerity estimated from the HEC-1 output 

was compared to the normal depth calculation to make sure the values 

were reasonable. 

Geometry: The channel cross-section geometry used for the routes was 

extracted from the work map and from field observations. Several of the 

routing reaches are very similar in geometry and hydrologic conditions. 

For this reason, it was determined that typical cross-sections were 

adequate to represent the channel characteristics of more that one routing 

reach. A summary of typical cross section development and their 

corresponding descriptions are included in Appendix D.3.2. 

Slopes and "n" Values: Slopes and Manning's "n" values for the routing 

reaches were estimated based on the topographic mapping, aerial 

photographs, and field observations. The normal depth routing is not very 

sensitive to small "u" value changes. Many routing reaches within similar 

areas appear to have similar hydrologic conditions. Therefore, typical "n" 

values were developed that represent these similar areas. Figure HY-D.l 

located in Appendix D.3.1 shows the typical "n" value areas used in the 

models. The "n" values for the routing reaches were not varied between 

the different storm durations or development conditions models because 

the roughness for these well-defined channels does not change appreciably 

with varying depths of flow. The cross-section sketches and tabulated 

reach routing parameters are included in Appendix D.3. 

Transmission losses were not estimated in this study. These losses are 

difficult to estimate. Currently, there are not enough stage gages in the 

watershed to quantify transmission losses. Because of the uncertainty, a 



conservative approach was taken and potential transmission losses were 

ignored. 

4.2.6.5 Storage Routing Parameters 

Under 100-year event conditions, the design capacity of the majority of 

the roadway crossings would normally be exceeded, so they would not 

have a significant effect on the flows downstream. Additionally, very few 

of these crossings have a significant amount of storage, and most likely 

the peak flow would overtop the culverts. For this reason, only the 

culverts that have enough storage to affect flows were modeled using 

storage routing. 

The CAP Canal's upstream embankment area appears to hold significant 

runoff, which may have some effect on downstream flooding. Therefore, 

the CAP Canal structures were modeled using level pool routing. There 

are twenty-two structures along the CAP Canal: five open overchutes and 

seventeen pipe crossings. Stageldischarge relationships were developed 

using the Federal Highway Administration (FHA) nomographs for 

culverts with inlet control (Reference 25) for all pipe crossings. The 

stageldischarge relationships for the overchutes were developed assuming 

critical flow conditions through the structure. The calculations are 

presented in Appendix D.4.1. 

Several of the drainage structures that cross the CAP Canal are not 

independent, but actually work as a system. In these systems, runoff from 

several sources contributes to a common ponding area. The runoff could 

move from one structure to another, depending on the relative capacity of 

the cross drainage structures within the system. There are two such 

systems in the project boundaries and both are located east of US 60. One 

includes nine structures (CAP 060 [Sta. 36+12] to CAP 140 [Sta. 240+00] 

and the other includes five structures (CAP 150 [Sta. 253+00] to CAP190 
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[Sta. 315+00]). These two systems are separated by the embankment of 

1 6 3 ~ ~  Avenue. A combined stageldischarge and stagelstorage relationship 

was developed for each system. These two systems work independently 

until the ponding water surface reaches an elevation of 1554 (Top of road 

elevation at 163 Avenue), and then work as a larger combined system. 

Initial runs of HEC-1 showed that the first system diverted flow into the 

second. The HEC-1 model reflects this phenomenon. Detailed 

calculations, including exhibits showing the CAP Canal impoundment 

areas, are included in Appendix D.4.1. 

For lesser storm events (50-year or less), some of the cross drainage 

structures within the identified system may be independent. For larger 

storms (larger than 50-year) there is enough ponding to hydraulically 

connect the structures and cause them to function as a system. 

The CAP Canal does not appear to be overtopped during the 100-year 

storm event. However, based on observed damage during several severe 

local storms in the summer of 2003, it is possible that the dike protecting 

the canal may not perform adequately. Analysis of potential failure of the 

CAP dikes was not a part of this study; it was assumed that no failures 

would occur along the CAP Canal. However, potential failure of the CAP 

may have a significant effect on downstream flows and additional analysis 

in the future may be required to better understand the performance of this 

structure 

Stageldischarge relationships were also calculated for the Beardsley 

Canal. There are four major wash crossings with overchutes to convey 

runoff. There is also some storage capability behind the canal 

embankment. This storage was estimated using topographic data. 

Subbasins where no cross drainage structure was present, such as PI621, 



were analyzed to determine the direction of flow along the upstream 

embankment of the canal. The storage area was then estimated jointly 

with the adjacent subbasin based on topographic data. If overtopping 

occurred, the flows were distributed to the different downstream basins 

assuming weir flow over the entire embankment length. 

4.2.6.6 Flow Splits and Diversions 

Portions of the watershed are characterized by distributary and braided 

flow and contain multiple split flow locations. Aerial photography and 

topographic mapping were reviewed to identify potential flow splits. 

Once these splits were identified, their downstream runoff was assessed 

and insignificant splits were ignored. 

There were several natural splits that were identified as significant and 

methodology was developed to include them in the model. The relative 

magnitude of the flows traveling in each direction was estimated using 

normal depth flow. The relative slope, channel width, and flow resistance 

were used to determine the magnitude of flow contributing to each branch 

of the split. Detailed natural flow split calculations are included in 

Appendix D.5.3. Some of the splits were too complex to be adequately 

estimated using the aforementioned procedure. At these locations, a two- 

dimensional analysis using the FLO-2D 2003.6.30 Dynamic Flood 

Routing program (Reference 42) was used to estimate the split flows. 

Four split flow locations were identified for two-dimensional modeling. 

Details on the two-dimensional modeling are found in Appendix D.5.4. 

Man-made structures also have the potential to create split flow conditions 

(diversions). In particular, the BNSF Railroad and US 60 allow runoff to 

cross the railroad through the cross drainage structure or flow along the 

upstream side of the embankment to a downstream structure. The relative 

capacity of the cross-drainage structures and the conveyance capacity of 



the upstream end of the embankment were analyzed to determine 

diversion along the structure. Detailed calculations of diversions along the 

BNSF Railroad and US 60 are included in Appendix D.5.2. 

Additional man-made split flows identified include those along the CAP 

Canal during larger storms. As runoff ponds behind the CAP Canal, the 

cross-drainage structures direct the flow to various downstream 

concentration points. The amount of flow that is directed to each 

concentration point was estimated using the capacities of the cross- 

draining structures. Details of these split flow calculations are included in 

Appendix D.5.1. These split flows will be discussed in more detail under 

the Special Problems and Solutions section of this report. 

The rating curves used for the diversions at the CAP Canal were 

developed to reflect flow conditions during a large storm event (100-year). 

However, this analysis assumed that there was no failure of the CAP 

Canal embankment during a 100-year storm event. The possibility of 

failure in terms of potential location and/or mechanism of failure of the 

CAP Canal embankment could not be determined from the data obtained 

for this study and was not included in the scope of work. 

4.3 Problems Encountered During the Study 

4.3.1 Special Problems 

The problems and solutions encountered during the study are presented below by sub- 

watershed. 

4.3.1.1 General Area 

In order to make the HEC-1 model work properly with the complex split 

flows and diversions in the watershed, it was necessary to create 
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temporary flow diversions termed "Dummy Routes". The Dummy Routes 

were created by diverting 100% of the flow to one concentration point and 

combining the remaining flow (0 %) with the next concentration point. 

The diversion with 100% of the flow is then later retrieved at the proper 

location. This occurs at concentration points CIW302 and C600A, and is 

documented by comment records in the models and on the HEC-1 

schematic. 

4.3.1.2 Picacho Wash Sub-watershed 

Runoff from this sub-watershed ponds upstream of the CAP Canal and 

combines with flow from the Padelford Wash and Wittmann Wash sub- 

watersheds. According to the model results, the CAP Canal would not be 

overtopped during a 100-year, storm. Therefore, this impoundment area 

acts as two storage systems that distribute flow among the CAP cross- 

drainage structures. The flow distribution was estimated based on the 

fourteen different structures' capacities located in this impoundment area. 

The outflow estimates contributing to the downstream concentration 

points are included in Appendix D.5.1. 

4.3.1.3 Padelford Wash Sub-watershed 

A significant flow split was identified and field checked north of the CAP 

Canal. This split was modeled in the Padeqord Wash Floodplain 

Delineation Study (Reference 26). The model developed as part of the 

above-mentioned study was recently approved by the District and was 

therefore incorporated into the model. It was originally thought that the 

HEC-1 model from the aforementioned project could be directly 

incorporated into the current HEC-1 model. However, this model 

included several items that would require modifications to the original 

model such as a different computational interval and additional JD 

records. HEC-1 is limited to nine JD records and it would have required 
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twelve to accommodate the Padelford model. Therefore, it was opted to 

import the hydrographs from the Padelford model as a QI record. Details 

on the QI records are found at the end of Appendices D.6.1-D.6.4. 

Alternatively, the Data Storage System option of HEC-1 (DSS) was used 

to transfer information from the Padelford Wash Study model. However, 

because of limitations of DSS, it was decided to enter the results of the 

Padelford Wash Study model as hydrograph inputs through the use of QI 

cards instead of using DSS. 

The Padelford Wash Study modeled the storage at the CAP canal. 

However, the study did not include the entire watershed contributing to the 

CAP impoundment; but included simplified assumptions to compensate. 

Since this study is modeling the entire area, the CAP'S storage route used 

in the Padelford Wash Study model was not used. Instead the inflow 

hydrographs were taken prior to the storage modeling. The concentration 

points CO400 and C0500 were imported from Padelford Wash Study by 

means of a QI record in HEC-1. 

The Padelford Wash Study only included existing conditions models for 

24-hour and 6-hour storm events. Therefore, it was necessary to create the 

future models based on these exiting conditions models. To do so, a shape 

file was obtained from the District and a base WMS model was created. 

WMS was utilized to create the Green and Ampt parameters found on the 

LG record in HEC-1. The soils data and future laud use data as shown in 

the appendix were used. Once the LG records were created, the 24-hour 

and 6-existing conditions models were altered to reflect the new Green 

and Ampt parameters. 
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During the development of the future conditions Padelford model, it was 

discovered that the areas for two of the subbasins (226 and 230) in the 

existing models did not match the area of the shape file that we received 

from the District. The areas were corrected in the future models, but no 

change was made to the existing models because the discrepancies are 

unlikely to significantly affect downstream flows, and the Padelford model 

had already been approved by the District. The District was notified of 

this discrepancy. The HEC-1 models for all four Padelford models (24-hr 

and 6-hr for existing and future conditions) are found in Appendices 

D.6.1-D.6.4 following the Wittmann HEC-1 models. 

There are many split flow conditions that were identified and modeled. 

Figure HY-D.2 in Appendix D.5.3 shows the locations of the natural split 

flows modeled and Figure HY-D.3 in Appendix D.5.2 shows the location 

of diversions created by manmade structures such as the CAP Canal, US 

60, and others. Along the project boundary, there are splits that appear to 

leave the study area. They appear to be relatively minor, so the 

conservative assumption was made to include the entire flow within the 

study area watershed. Some other split flow locations occur near the 

Sarival Avenue alignment, just east of US 60. At this location, a berm was 

built around an old Air Force auxiliary strip. It appears that the berm 

causes flows to divert around the strip. This berm does not appear to be 

designed for a 100-year event; and most likely it would be breached early 

during a storm and most of the runoff would continue on its natural path. 

This split was not modeled because of the high probability that the 

structure would fail. 



4.3.1.4 Wittmann Wash, Trilby Wash, and Iona Wash Sub-watersheds 

There were many split flow conditions that were identified in these three 

sub-watersheds. The relevance of these splits on downstream flows was 

estimated and only the splits that have a significant effect were modeled. 

Refer to Figure D.5 in Appendix D for locations of the split flows. 

Several diversions were identified along the BNSF Railroad and US 60. 

These diversions were modeled as described under the Split Flow 

Diversion section of this report. The crossings along the roadway appear 

to have similar or larger capacities than the corresponding railroad 

crossings. Therefore, for the majority of the split flows, the railroad was 

determined to be the limiting factor and the US 60 culverts were assumed 

to pass all flow. However, there were several exceptions found based on 

as-built information and field observation. Details regarding the culvert 

modeling can be found in Appendix D.5.2. 

4.3.1.5 Sun Valley Parkway Sub-watershed 

The most distinguishing feature in this area is the Sun Valley Parkway, 

which includes many culverts. However, most of these culverts do not 

have significant storage to attenuate peak runoff and will not likely have a 

significant effect on downstream flows. Several of the culverts appear to 

have been designed to divert excess flows along the roadway to the next 

culvert in order to address over capacity flows and they function as a 

system. The basin boundaries in these cases were delineated to include all 

culverts in the system. By doing this, the need for split flow modeling was 

eliminated. 

4.3.1.6 White Tanks Sub-watershed 
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The southernmost portion of McMicken Dam was eliminated from this 

model because the District is planning to isolate this portion of the dam as 



part of the McMicken Dam Fissure Risk Zone Remediation Project 

(Reference 16). As a result of this project, runoff from this small area 

(0.6 square miles) would no longer be contributing to the McMicken Dam 

impoundment area. 

4.3.1.7 Central Arizona Project Canal 

There are twenty-two drainage structures crossing the CAP Canal within 

the project area. There is considerable storage upstream of the CAP 

Canal, created by embankments that were constructed to protect the canal 

and route flows to the cross-drainage structures. Typically, one structure 

drains a single impoundment area. However, in one instance fourteen 

structures drain a single impoundment area. In this area, stageldischarge 

relationships were estimated based on the combined effect of all structures 

within this impoundment area. The outflow was divided among the 

different structures, depending on their relative stage discharges. The 

parameters used in developing the stagelstorage and stageldischarge data 

are included in Appendix D.4.1 and Appendix D.5.1. 

One of the difficulties in establishing the storage volumes of impoundment 

areas was mapping accuracy. In certain areas, 2-foot contours were 

provided by the District, and in other areas only 4-foot contours were 

provided. In yet another area, the only available topography was 10-foot 

mapping. In this area, Entellus developed 2-foot contours using the ASCII 

grid files provided by the District. This affected structures CAP 200 and 

CAP 210. For the large impoundment system behind structures CAP 060 

to CAP 190, contours and spot elevations show that water would overtop 

the lateral embankment immediately east of structure CAP 190 prior to 

overtopping the CAP Canal embankment. However, the water surface 

behind the lateral embankment would also be high. It was assumed that 

cross flow along this lateral embankment would be negligible, so it was 

ignored. Also, there is a berm of elevation 1552 between Structures 
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CAP140 and CAPISO. This berm is four feet below the canal 

embankment, but still separates the impoundment area at low flows. This 

separation was not considered in the stage-storage calculations. 

Another consideration was how the calculated storage and flow values 

compared to those calculated by the US Bureau of Reclamation (BOR) 

(Reference 26). In general, flows and storage volumes for the cross- 

drainage structures west of US 60 closely matched the BOR design data. 

In other areas, the data did not match very well. In the large impoundment 

area east of US 60, the calculated storage volume was roughly double that 

of the BOR for the same outflow discharge. For the three drainage 

structures farthest east in the study area, the calculated storage volumes 

were significantly less than those of the BOR. It is likely that these 

differences could be better explained if the stage data from the BOR had 

been available during this study. Unfortunately, the only BOR data 

available were inflow and outflow discharge rates and total storage 

volumes. The differences could also be related to the difference in 

topographic mapping or the calculated flow rates for the structures. 

Structure CAP 050 was a special case. At the time of the survey, this 

overchute was completely covered with sediment. Hence, there were no 

ground shots taken. The invert was estimated from the BOR's structure 

height and topographic data received from the District. 

No spot elevations were available from the District's mapping along the 

embankment area of structure CAP 030. Therefore, the highest contour 

elevation was used as the overtopping elevation. 

The impoundment area for structure CAP 220 extends outside the project 

boundary and combines with a 30-inch reinforced concrete pipe (RCP) at 



station 459+30 before overtopping the berm into the canal. CAP 220 is a 

72" RCP, considerably larger than the 3 0  RCP. Additionally, the invert 

of the 72" RCP is lower than the estimated 30" RCP invert. Therefore, the 

discharge associated with the 30-inch culvert (outside the project area) 

was ignored, but the impoundment storage volume outside of the project 

area was included. 

4.3.1.8 Beardsley Canal 

There are four cross drainage structures along the canal east of US 60. 

Basin boundaries were delineated to account for storage upstream of the 

canal and stageldischarge was modeled at these four locations along the 

canal. There is an existing berm north of the canal; however, there are no 

records regarding its design or maintenance and there are signs that it has 

failed at several different places in the past. Therefore, the berm was 

assumed insignificant and not modeled. Topographic mapping provided 

by the District was used to estimate the stagelstorage relationships, the 

overchute capacities, and the overtopping elevation of the canal. The 

Maricopa County Municipal Water Conservation District was contacted in 

an attempt to obtain as-built information regarding the structures, but no 

response was received. 

4.3.2 Modeling Warning and Error Messages 

4.3.2.1 100-Year, 24-Hour Models 

There were no error messages in the existing or future HEC-1 models. 

Warning messages generated by HEC-1 were examined to ensure that the 

models were not adversely affected. There were two warning messages 

encountered for the 100-year, 24-hour HEC-1 models. The first was as 

follows: 

WARNING EXCESS AT PONDING LESS THAN ZERO 

FOR PERIOD. EXCESS SET TO ZERO 



Entellus" 

This warning occurs five (5) times in the existing model and eleven (1 1) 

times in the future model. This warning appears when a negative value for 

ponding occurs, which happens when the soil infiltration is greater than 

runoff. The model automatically corrects this by setting the negative 

value to zero; therefore the warning was considered inconsequential. 

The second warning was as follows: 

*** WARNING *** MODIFIED PULS ROUTING MAY 

BE NUMERICALLY UNSTABLE FOR OUTFLOWS 

BETWEEN (Value) TO (Value). 

This warning specified a range of flows where routing might be 

numerically unstable. This warning occurred at sixty-nine (69) storage 

routing records for the existing model and at seventy-seven (77) storage 

routing records for the future model. In the existing model for fifty-eight 

(58) of the warnings the flow was outside of the unstable range and in 

these cases the warning is inconsequential. In the future model for sixty- 

one (61) of the warnings the flow was outside of the unstable range, and 

therefore the warning was inconsequential. 

The remaining eleven (1 1) hydrograph flows for the existing, and sixteen 

(16) hydrograph flows for the future were within the range of potential 

instability, and were examined for oscillations. For the existing model the 

hydrographs were RIW387, RWT150, SSR190, SSR310, SSR330, 

SSR350, SSR540, SSR630, SSR830, SSR880 and SSR940. For the future 

model the hydrographs were RDCP16, RWT150, SCP210, SCP220, 

SPD704, SPD726, SSR103, SSR190, SSR3 10, SSR330, SSR350, 

SSR540, SSR630, SSR830, SSR880 and SSR940. 



These hydrographs were plotted and examined for instabilities. No major 

instabilities were evident and so the warnings were considered 

inconsequential. 

4.3.2.2 100-Year, 6-Hour Models 

There were no error messages in the existing or future HEC-I models. 

Warning messages generated by HEC-1 were examined to ensure that the 

models were not adversely affected. There were two warning messages 

encountered for the 100-year, 24-hour HEC-I models. The first was as 

follows: 

WARNING EXCESS AT PONDING LESS THAN ZERO 

FOR PERIOD. EXCESS SET TO ZERO 

This warning occurs once in the existing model and twice in the future 

model. This warning appears when a negative value for ponding occurs, 

which happens when the soil infiltration is greater than runoff. The model 

automatically corrects this by setting the negative value to zero; therefore 

the warning was considered inconsequential. 

The second warning was as follows: 

*** WARNING *** MODIFIED PULS ROUTING MAY 

BE NUMERICALLY UNSTABLE FOR OUTFLOWS 

BETWEEN (Value) TO (Value). 

This warning specified a range of flows where routing might be 

numerically unstable. This warning occurred at eighty (80) storage 

routing records for the existing model and at seventy-nine (79) storage 

routing records for the future model. In the existing model for sixty-two 

(62) of the warnings the flow was outside of the unstable range and in 

these cases the warning is inconsequential. In the future model for sixty- 
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two (62) of the warnings the flow was outside of the unstable range, and 

therefore the warning was inconsequential. 

The remaining eighteen (18) hydrograph flows for the existing, and 

seventeen (17) hydrograph flows for the future were within the range of 

potential instability, and were examined for oscillations. For the existing 

model the hydrographs were RDCP16, RDCP19, RIW387, RPI636, 

RSV276, SCP210, SCP220, SPD704, SPD726, SSR103, SSR190, 

SSR3 10, SSR330, SSR540, SSR630, SSR830, SSR880 and SSR940. For 

the future model the hydrographs were RDCP16, RDCP19, RIW387, 

RPI636, RSV276, SCP210, SCP220, SPD704, SPD726, SSR190, 

SSR310, SSR330, SSR540, SSR630, SSR830, SSR880 and SSR940. 

These hydrographs were plotted and examined for instabilities. In the 

future model, hydrograph SPD726 originally spiked towards the top of the 

hydrograph. This was due to a transition of culvert to weir flow. An 

additional data point was computed for this model at the elevation of 

1344.1 ft. Once this was inserted the instability no longer existed. No 

other major instabilities were evident and so the warnings were considered 

inconsequential. 

4.4 Calibration 

There is inadequate stream gage data to accurately calibrate the model. However, 

results were compared to previous studies. The results of the hydrologic models and 

results from previous related studies are summarized in Table HY-4.4. Indirect 

methods were also used to verify results. See Section 4.6 for a detailed discussion of 

the various indirect methods used. The model results appear to compare well with the 

limits of these other methods. 



The only gaging stations within the project area with sufficient record length to 

provide meaningful calibration data are located at the McMicken Dam Spillway and 

downstream in the McMicken Outlet Channel. Both of these gages record flow after 

they are attenuated by the dam storage pool. Also, these stage gages only start 

recording after the flow depth exceeds two feet. In the period of record available, 

there are only a few times when the gages have registered flow. This, coupled with 

insufficient rain gages through the watershed, makes calibration of this model using 

gage data impractical. 

Table HY-4.4 - Comparison of Results at Selected Concentration Points 

EXISTING CONDITIONS PEAK DISCHARGE - 24-HOUR, 100-YEAR EVENT 

4.5 Results of Hydrologic Analysis 

Trilby Wash Upstream of US 60 

Trilby Wash Upstream of CAP 

Iona Wash Upstream from CAP 

Confluence of Trilby and Iona 

Washes 

Complete results of the hydrologic analysis including the HEC-I input and output 

files are presented in Appendix D.6. A summary of peak discharges is shown in 

Appendix D.6.5. As expected, the 24-hour storm controls for the larger contributing 

areas, and the 6-hour storm controls for smaller contributing areas. The 24-hour 
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3,851 
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storm will utilized for the floodplain delineation. In general, the flows obtained were 

significantly higher than what has been obtained in previous studies. Table HY-4.4 

shows a few examples of these increased flow changes. This can be attributed to 

differences in methodologies as well as increased development in the area. 

4.6 Verification of Results 

The District has established a chart to describe the general relationship between peak 

discharges and watershed size for Maricopa County (Reference 17). For this study, 

the estimated peak discharges were plotted on the District's chart for comparison 

purposes. Figures HY-D.4 through D.7 contain the verification of results and are 

found in Appendix D.6.5. 

Figures HY-D.4 and D.5 utilize a flood frequency analysis by the District 

(Reference 43). As shown by the figures, the bulk of the flows are slightly below 

average. Since the data encompasses the gage data for the entire Maricopa County, 

and the Wittmann watershed has, in general, very sandy soil and flat slopes, peak 

flows slightly below average are expected. 

Figures HY-D.6 and D.7 utilize two indirect methods: LP3 Regression Curve and the 

Region 12 Regression Equation. The LP3 Regression Curve, as taken from the 

Hydrology Manual, is calculated as Qloo = 850 * A ~ . ~ ~  . The 75% Confidence Limits 

are taken from the data used to generate this LP3 Regression Curve. This data 

contains 314 continuous or partial record gaging stations throughout Arizona and is 

contained in the Hydrology Manual. The Region 12 Regression Equation, as found in 

the Hydrology Manual is LOG(Qlo0) = ~.~~-~.~~*AREA~~~~'-O.~~~*LOG(ELEV), 

where ELEV is the mean basin elevation in feet divided by 1000. This value was 

determined on a weighted basis for all subbasins in the watershed. 1.932 was the 

value utilized. 
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From Figures D.6 and D.7, there appear to be several points below the 75th 

percentile confidence line. Upon examination, all of these points were found to be 

downstream of the CAP andlor downstream of the McMicken Dam Spillway. 

Therefore, it can be concluded that the attenuation of peak flow caused by the CAP 

Canal and McMicken Dam causes these points to fall below the 75th percentile 

confidence limits. The remaining data fall between the 75th percentile confidence 

limits. 



* 
SECTION HY-5: HYDRAULICS 

The contents of this section are located in: Volume HD -Floodplain Delineation (Section 5. 

Hydraulics) of "Wittmann Area Drainage Master Study Update Repurt. " 



a 
SECTION HY-6: EROSION AND SEDIMENT TRANSPORT 

The contents of this section are not a part of this report. 
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APPENDIX B. GENERAL DOCUMENTATION AND CORRESONDENCE 

The entire content of this appendix is located in 

Administrative Report - Volume AR 



@ APPENDIX C. SURVEY FIELD NOTES 

The entire content of this appendix is located in 

Report of Survey - Volume SR 
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D.1. Precipitation Data 

D. 1.1. 100-yr 24-hr Data 
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D.1.3. Gage Data 
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D.2.1. Soils 
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D.4.1. CAP Canal 
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D.4.3. SR 74 

D.5. Flow Splits and Diversions Data 
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D.5.4. 2-Dimensional Modeling Diversion Data 

D.6. Hydrologic Calculations 

D.6.1. 100-yr, 24-hr Existing Conditions Model Output 

D.6.2. 100-yr, 6-hr Existing Conditions Model Output 

D.6.3. 100-yr, 24-hr Future Conditions Model Output 

D.6.4. 100-yr, 6-hr Future Conditions Model Output 
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D. 1.1. 100-yr 24-hr Data 



Flood Control District of Marimpa County 

Rainfall Data 
EXAMPLE2 - Single Storm. 24 Hr, Green Arnpt. %Graph. Normal Depth 

Primary Zone Number: 7 Latitude: 0.0 Elevation: 0 

Short Duration Zone Number: 8 Longitude: 0.0 

Polnt Values (In) 
Duration 2-Yr 5-Yr 10-Yr 25Yr 50-Yr 100-Yr !%'-Yv 

5 MIN 0.39 0.48 0.54 0.63 0.70 0.77 0.q3 
10 MIN 0.58 0.72 0.82 0.96 1.07 1.18 l , N  
15 MIN 0.71 0.90 1.03 I 22 1 37 1.52 1.810 
30 MIN 0.94 1.20 1.39 i.65 1.86 2.06 2.53 

1 HOUR 1.14 1.49 1.72 2.06 2.31 2.57 3.17 
2 HOUR 1.23 1.62 1.89 2.27 2.56 2.85 3 53 
3 HOUR 1.29 1.72 2.01 2.41 2.73 3.04 3.77 
6 HOUR 1.40 1 .89 2.22 2.68 3.04 3.40 %t7- 

12 HOUR 1.50 2.07 2 45 2.98 3.39 3.80 ~i 3'4 
24 HOUR I .60 2.25 2.68 3 28 3.74 4.20 C,2b 



Wittmann ADMSU 
Rainfall Depth vs Storm Duration 

Hours 0 * 
err 



Wittmann ADMSU McMicken Dam Hydrology 
HEC-1 Data for 100-yr 24-hour Distribution 

Note: This data was generated using DDMSW version 1.8. 
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D. 1.2. 100-yr 6-hr Data 



Wittmann ADMSU McMicken Dam Hydrology 
HEC-1 Data for 1 OO-yr 6-hour Distribution 

JD 
PC 
PC 
PC 
JD 
JD 
PC 
PC 
PC 
JD 
PC 
PC 
PC 
JD 
PC 
PC 
PC 
JD 
PC 

I 'PC 
PC 

Note: This data was generated using DDMSW version j.8. 
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D.1.3. Gage Data 



McMlcken Floodway Page 1 of 5 

STATION: McMicken Floodway GAGE ID: 5438 

HOVER CURSOR OVER PHOTOS AND ICONS FOR DESCRIPTION AND SELECT ANY FOR FURTHER 
INFORMATION 

Marloopa Caunty Blood Con(m1 DLtdot Inf-Uon, m l c ~ o p ~ ~ w / ~ ~ / A L F R T ,  M y  2008 

http://l56.42.96.39/a~en1rro~/pg~~~5438.htm L L , U .  



McMicken Floodway Page 2 ot 3 

Gage site is near the intersection of 163rd Avenue and Grand Avenue (US60). @ Instrumentation is located on the right bank of McMicken Floodway downstream of 
Grand Avenue. 

GAGE ID HISTORY 

SITE DATA 

DRAINAGE AREA 

JURISDICTION 

1 JULY 15,1099 & II 

SECTIONITOWNSHIPIRANGE 

LATITUDE 

LONGITUDE 

USGS QUAD MAP 

- 

NW114 SW 114S18 T4N RIW 

N33 41 04 

W112 24 33 

McMlCKEN DAM 7.5-MINUTE 

305 MIZ 

SURPRISE, ARIZONA 

- 

INSTALLATION DATE 

LENGTH OF RECORD (AS OF 10/01/02) 

MAY 19,1992 (WY 1992) 

10.37 YEARS 

STAGE GAGE TYPE PRESSURETRANSDUCER 

STAFF GAGE 

CREST STAGE GAGE 

TWO, UPSTREAM OF BRIDGE 

TWO 

ZERO GAGE HEIGHT ELEVATION 1,323.17 FEET M.S.L. 

STAGE GAGE ELEVATION 0.15 FEET GAGE HEIGHT 

POINT OF ZERO FLOW 0.00 FEET GAGE HEIGHT 





McMicken Floodway Page 4 of 5 

RUNOFF EVENT HISTORY 

FLOOD FLOW FREQUENCY 

I Flood Flow Frequency 

(FEMA 9195, "at confluence with McMicken Dam") 

Magnitude and Probability of Instantaneous Peak Flow 

Discharge, in cfs, for I 

50-year 100-year 
PP 

2,610 4,280 5,090 
w 

0 CREST STAGE GAGE INFORMATION 



McMicken Floodway Page 5 of 5 

I 

STAFF GAGE INFORMATION 

STAFF GAGE m - - T & q l  STAFF GAGE INFORMATION 

I 

Page last updated on December 9,2002 



McMicken Dam North Page 1 of 6 

STATION: McMicken Dam GAGE ID: 5448 

HOVER CURSOR OVER PHOTOS AND ICONS FOR DESCRIPTION AND SELECT ANY FOR FURTHER 
INFORMATION 

Maricopa County mwd Contml Dbldct GBgc Information, arw.fcd.maricopagovIserviocs/ALERT, May 2008 



McMicken Dam North Page 2 of 6 

Station is located in the city of Surprise, near Grand Avenue (US 60) and 163rd Avenue. 

GAGE ID HISTORY I ) - - - - - - q  
in MSL 

n l - - - - - l ( I y  

SITE DATA 

. ' 
-I(- 

I Y 1 ( I 1 ( 7 (  

(7-m 
DRAINAGE AREA 247  MI^ 

6115192 - present 

lOIlI87 - 6115I92 

3120183 - ,011OII.T 

JURISDICTION 

WATERSHED 

SECTlON/TOWNSHlPlRANGE 

LATITUDE 

SURPRISE, ARIZONA 

TRILBY 

SW114 SW114 NW114 524 T4N R2W 

N 33 40 38 

LONGITUDE W 112 25 23 

USGS QUAD MAP McMlCKEN DAM 7.5-MINUTE 

INSTALLATION DATE 

LENGTH OF RECORD (AS OF 10/01/02) 

MARCH 20,1983 

19.53 YEARS 





McMicken Dam North Page 4 of 6 

WATER YEAR PEAKS 

PEAK PEAK 

1) WATER YEAR /I EVENT DATE /I WATER LEVEL 1) VOLUME I/ 
1 / 11 1) (FEET OH) I/ (ACRE-FEET) 

r - - -Gq  
1TEm/ 188 

I) 
piq 

I0127100 

-- 
mm 
/- 

/I,- 
I - - 7 F - - / ~ ~  
p i i T l ~ ~ 1  
/ -7 iq-r /  1-rn 
I - A q ~ ~ l  r T G - m m  
I T ) I ~ l  
17)1- 
)I 914190 1 7 1  
(-)I- 

0 

0 

0 

0 

0 

0 

868 

730 

592 

1,318 

203 

/?--- 
/ ~ ~ I /  No data available 



McMicken Dam North Page 5 of 6 

/ 1-11 No data avallable 1 No data available ] I985 

@ )I- No data available /xii&zq 
No data avallable 

IMPOUNDMENT HISTORY 

(All events occurred over multiple days) 

~i~~~~ 
(FEET, G.H.) (ACRE-FEET) 

In-- 



McMicken Dam North Page 6 pf 6 

STAFF GAGE INFORMATION 

Page last updated on May 21,2003 

STAFF GAGE INFORMATION 

/T&x&iq 
1- 
V I  

SUBTRACT 1,333.88 FEET TO GET GAGE HEIGHT 

SUBTRACT 1,333.71 FEET TO GET GAGE HEIGHT 

SUBTRACT 1,333.48 FEET TO GET GAGE HEIGHT 

STAFF GAGES IN MAIN OUTLET READS DEPTH IN THE OUTLET 

NOTES: 
ONLY AND ARE NOT RELATED TO GAGE HEIGHT 

M.S.L. DATUM IS EQUI~ALENT TO NGVD 1929 DATUM 



Physical Parameter Calculations 

D.2.1. Soils 

D.2.2. Land Use 

D.2.3 Tlme of Concentration 

D.2.4. Hydraulic Length and Slopc 

D.2.5. S-Graphs 



D.2.1. Soils 

Soil Type Summary 

Yavapai Soil Parameter Estimation 



CLIENT: FCDMC 
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Yavapai Soil Parameters 

XKSAT values for the portion of the Wittmann Area located within Yavapai County 
were not available. The soil types were identified using the Soil Survey of Yavapai 
County, Arizona, Western Part (Reference 7). 
XKSAT calculations were based on the procedures outlined in the Drainage Design 
Manual for Maricopa County, Arizona, Volume I-Hydrology (Reference 15). The six 
Yavapai County soil types identified in the Wittmann project area are as follows: 

CmD 
5% Rock Outcrop 
65% Sandy Loam 
20% Gravelly Sandy Loam 
10% Clayey Soil 

CnF 
20% Rock Outcrop 
75% Sandy Loam 
5% Clay 

Le 
4% Rock Outcrop 
48% Clay 
48% Clay Loam 

Lh 
40% Rock Outcrop 
50% Clay Loam 
10% Clay 

MkF 
20% Rock Outcrop 
70% Gravelly Loam 
10% Gravelly Clay Loam 

Rr 
60% Rock Outcrop 
40% Clay 

Copies of the relevant pages from the Soil Survey are included at the end of this section. 

The XKSAT values for the soils were obtained from Table 4.2 (Green and Ampt Loss 
Rate Parameters for Bare Ground) in Design Manualfor Maricopa County, Arizona, 
Volume /-Hydrology (Reference 15). 

Because the XKSAT value is the hydraulic conductivity at natural saturation in 
inchesfhour, Rock Outcrop cannot be included due to its impermeability. The area 
associated with this impermeable Rock must be excluded from the calculations. This 
exclusion can be seen in the Final % Soil (Not including Rock Outcrop) column ofthe 
following table. Once this is achicvcd atid a relative percentage oreach soil type is 
obtaincd (excluding Rock Outcrop), the XKSAT can bc calculrtcd as: 



Appendix D.2.1 

0 xKsAT = ALoG[ (%soill *LoG(xKsAT,) +. . . (%soil, *LoG(xKsAT,)I 

Where ALOG is 10 raised to the power of the stack (%soill *LOG(XKSATI) . . .). The 
results of this are found in the following table. 

Table H 'f'- .OJ. Soil Parameters 

CmD 

Sum 100.0% 100.0% -0.5666 
I Final XKSAT (inlhr) ( 0.2713 

CnF 

* Gravelly Sandy Loam was not included in Table 4.2 the closest value (Sandy Loam) was used 

Description 
Rock Outcrop 
Sandy Loam 
Clay 

Le 

Description 
Rock Outcrop 
Clay 
Clay Loam 

Sum 100.0% 100.0% -0.4981 
( Final XKSAT (inlhr) I 0.3176 

I 

Soil % 
20.0% 
75.0% 
5.0% 

Sum 100.0% 100.0% -1.6990 
I Final XKSAT (inlhr) ( 0.0200 

Soil % 
4.0% 

48.0% 
48.0% 

Final %Soil 
(Not including 
Rock Outcrop) 

0.0% 
93.8% 
6.3% 

Final % Soil 
(Not including 
Rock Outcrop) 

0.0% 
50.0% 
50.0% 

XKSAT (inlhr) 

0.40 
0.01 

%*LOG(XKSAT) 

-0.3731 
-0.1250 

XKSAT (inlhr) 

0.01 
0.04 

%*LOG(XKSAT) 

-1.0000 
-0.6990 
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Table H Y - . ~ . l .  Soil Parameters (Cont.) 

Lh 

Final % Soil 
(Not including 

Description Soil % Rock Outcrop) XKSAT (inlhr) %*LOG(XKSAT) 
Rock Outcrop 40.0% 0.0% 
Clay 10.0% 16.7% 0.01 -0.3333 
Clay Loam 50.0% 83.3% 0.04 -1.1650 
Sum 100.0% 100.0% -1.4983 

I Final XKSAT (inlhr) ( 0.0317 

M kF 
Finai % Soil 

(Not including 
Description Soil % Rock Outcrop) XKSAT (inlhr) %*LOG(XKSAT) 
Gravelly 
Loamg* 70.0% 87.5% 0.25 -0.5268 
Gravelly Clay 
Loam *** 10.0% 12.5% 0.04 -0.1747 
Rock Outcrop 20.0% 0.0% 
Sum 100.0% 100.0% -0.701 5 I Final XKSAT (inlhr) ( 0.1988 

Rr 

Final % Soil 
(Not including 

Description Soil % Rock Outcrop) XKSAT (inlhr) %*LOG(XKSAT) 
Rock Outcrop 60.0% 0.0% 
Clay 40.0% 100.0% 0.01 -2.0000 
Sum 100.0% 100.0% 0.00 -2.0000 

I Final XKSAT (lnlhr) I 0.0100 
** Gravelly Loam was not included in Table 4.2 the closest value (Loam) was used 
* Gravelly Clay Loam was not included in Table 4.2 the closest value (Clay Loam) was used 



Appendix D,2.1 
Recommended Methods for Estlmatlng 
Ralnfall Losses 

-nage ~ ~ s f g "  for m m p a  ~ountg., Volume I-H~droloBJ' (Reference 1s) 
The three infiltration parametersare functions of soilcharacteristics, ground surface 
characteristics, and land management practices. The soil characteristics of interest 
are particle size distribution (soil texture), organic matter, and bulk density. The 
primary soil surface characteristics are vegetation canopy cover, ground cover, and 
soil austing. The land management practices are identitKed as various tillages as 
they result in changes to soil porosity. 

Valucs of Green and Ampt equation parameters as a function of soil characteristics 
alone (bare ground condition) have been obtained from published reports (RawLs 
and others, 1983; Rawls and Brakensiek, 1983, and average values of XKSAT and 
PSIF for each of the soil texture classes are shown in Columns (2) and (3) of Table 
4.2. The values of XKSAT and PSIF from Table 4.2 or Figure 4.3 should be used if 
general soil texture classification of the drainage area is available. References used 
to cteate Table 4.2 can be found in the Documentation Manual. 

In Table 4.2, loamy sand and sand are combined. The parameter values that are 
shown in the tableare for loamy sand. The hydraulicconductivity RKSAT) for sand 
is oflen used as 4.6 inches/hour, and thecapillary suction (EDD is oftenused as 1.9 
inches. Using those parameter values for drainage areas can result in the generation 
of no rainfall excess-which may or may not be correct. Incorrect results could cause 
serious consequences for flood control planning and design. Therefore, it is recom- 
mended that-for watersheds consisting of relatively small subareas of sand--the 
Green and Ampt parameter values for loamy sand be used for the sand portion of 
the watershed. If the area contains a large portion of sand, then either the Green and 

' Selection of DTHETA: 
Dry = Nonlnlgated lands, such as desert and rangeland; 

Normal = Irrigated lawn, turf, and permanent pasture; 
Saturated = Irrigated agricultural land. 

Page 13 of 18 



fans. The Continental soil is on ridgetopa and has more 
sntle slopes. 
Included with these soils in mapping are areas of 

cobbly Cave soils and exposures of tuff or agglomerate 
along steep drainageways. Also included are areas of 
Anthony gravelly ssndy loam in the drainageways. 
These included soils make up about 10 wrcent of the 
acreage. 

Runoff . i s  medium on these soils. The hazard of 
aronion is moderate. 

la favelly or very gravelly sandy loam, eohbly or very 
cob ly sandy loam. very stony mndy loam, or gravelly 
loamy sand. 

In the C horizon hue is 7.6YR or IOYR, value is  4 to 6 
dry and 8 or 4 moist, and chroma b 4 to 6. The C horizon 
ranges from ve avelly nand loam or very gravelly 
heavy loam to c z b r o r  very cobby and very stony sandy 
loam. 

inaxeways and -- --- 
These. soils are used for range, wildlife habitat, numerous short drainageways. The ~ r o f i b  described 

mining, and watershed catchment areas. Both parts a s  representative of the series is in a n  area of this soil. 
in capability unit VIIe-1. Cave part in Caliche Upland Included with this soil in mapping, and making up 
range site, 8- to 12-inch precipitation zone; Continental about 10 percent of the acreage, a re  small areas of a 
part in Loam Upland range site, 8- to 12-inch precipita- clayey soil that is shallow over schist, and some very 
tion zone. Cave part in wildlife group 3 ;  Continental rocky and cobbly Cellar soils. Also included, and mak- 
part in wildlife group 2. ing up about 20 percent of the acreage, are  areas of 

Cellar very gravelly sandy loam that has 30 to 60 per- 
Cellar Series cent slopes. 

Runoff i s  medium on this soil. The hazard of erosion 
The Cellar series consists of well-drained soils that  is moderate. 

are shallow and very shallow over granite. These soils This soil is used for seasonal range, wildlife habitat, 
are on gently sloping to steep granite hills and moun- mining, and watershed catchment areas. Capability 
tains. Slopes range from 2 to 60 percent. Elevation unit VIIs-1; Loam Hills range site, 8- to 12-inch pre- 
ranges from 2,000 to 4,500 feet. The vegetation is cipitation zone; wildlife group 4. 
desert shrubs and cactuses and an understory of s a s s .  Cellar very rocky sandy loam, 2 to 15 percent slopes 
Annual precipitation is 8 to 12 inches. The average (~n~).-This soil is on low granite hills that  are dissected 
annual air  temperature is 57' to 69" F, and the frost- by numerous short drainageways. It has a 
free period is 180 to 270 days. similar to the one described as representative of the - In a representative profile the surface layer is pale- series, but i t  is gently sloping to strongly sloping, and 
brown very stony sandy loam about 1 inch thick. The rock outcrops make up about 20 percent of the acreage. a lderlying layer is brown very gravelly loam about 7 Included in mapping, and making up about 10 percent 

ches thick. It is underlain by granite that is weath- of the acreage, are  areas of Chiricahua gravelly sandy 
ered or fractured in places. loam that has 2 to 8 percent slopes. 

Permeability is moderately rapid. Available water ~ ~ ~ ~ f f  is slow on this soil. me hazard of erosion is 
capacity .. . is . low, and the effective rooting depth is less slipht. 
than 20 inches. 

These soils are  used mainly for seasonal range, wild- 
life habitat, mining, and watershed catchment areas. 

Representative profile of Cellar very stony sandy 
loam in an area of Cellar very gravelly sandy loam, 8 
to 30 percent slopes, near Merritt Pass, approximately 
0.4 mile NW. of the SE. corner, sec. 8, T. 7 N., R. 2 W.: 

A1--0 to 1 inch, pale-brown (IOYR 6/8) very stony sandy 
loam, brown (10YR 4/8) when moist; weak, thrn 
and mqdium, platy stqxture; sljghtly bard when 
dry, fnable when molst, nonstrcky and slightly 
plastic when wet; common very fine roots; few fine 
tubular pores and common fine interstitial pores; 
moderately alkaline; abrupt, smooth boundary. 

C 1  to 8 inches, brown (7.6YR 6/4) ver gravelly heavy 
loam, dark brown (7.6YR 4/4) wien moist; weak, 
fine, subangular blocky structure: hard when d 
friable when moist, slightly sticky and slighffr; 
plastic when wet; many very fine and fine roots; 
common fine tubular pores and many fine inter- 
stitial pores; moderately alkaline; abrupt, irregu- 
lar boundary.. 

RB to 9 inches. whlte (N 8/01 granite, stained with few 
thin ~ellowiqh-red (6YR 4/15) coatings: noneffer- 
vescent to sllghtly effervescent in spots. 

?his soil is used for seasonal grazing, wildlife 
habitat, mining, and watershed catchment areas. Capa- 
bility unit VIIs-1; Loam Hills range site, 8- to 12-inch 

profile similar to the one described as  representative 
of the series, but the surface has numerous rock out- 
crops. These outcrops make up about 20 percent of 
the acreage. Included in mapping, and making up about 
10 percent of the acreage, are  areas of Chiricahua 
gravelly sandy loam that has 15 to 30 percent slopes. 

Runoff is medium to rapid on this soil. The hazard of 
erosion i s  moderate to high. 

This soil is used for seasonal grazing, wildlife 
habitat, mining, and watershed catchment areas. Capa- 
bility unit VIIs-1; Loam Hills range site, 8- to 12-inch 
precipitation zone; wildlife group 4. 

Cellar-Chiricahua complex, 8 to 30 percent slopes 
(COD).-This complex is about 60 percent Cellar gravelly 

Depth to granite ranges from 4 to 16 inches but is gen- and very Stony sandy loams that have slopes of 8 to 
erally about 8 inches. The soils range from noneffervescent 30 percent and about 25 percent Chiricahua gravelly 
to strongly effervescent and in reaction from neutral to and very stony sandy loams that have slopes of 8 to a moderately alkaline. Content of coarse fragmenb averages 16 percent. One of the Chiricahua soils has the profile more than 60 percent. 

In the A horbon hue is IOYR or 7.6YR, value is 6 or described as  representative of the Chiricahua series. 
dry and 8 or 4 moist, and chroma is 8 or 4. The A horizon Included with these soils in mapping, and making UP 

Soil Survey of Yavapai County. Western Part (Reference 7, 



YAVAPAI COrifr'#Y, ARIZONA, WESTERN PART 

-brown and brown gravelly clay and clay abol; 
13 inches thick. It is underlain by pale-red extreme1 

De th to the Cca horizon ranges from 14 to 30 inches. In hard andeaite or tuffaceous agglomerate. 
the 11 horizon hue is 7.6YR or lOYR, value is 6 to 7 dry 
and 4 or 6 rnoiat, and chroma in 2 to 4. The AI horizon is Permeability is slow. Available water capacity i 
dominantl gravelly sandy loam and sandy loam. Content of ]OW, and the effective rooting depth is less than 2, 
lime nodufes in the surface layer ranges from few to none. inches. 

In the C1 and C2ca horizons hue is dominantly 7.6YR or ~h~~~ soils are used mainly for seasonal grazing 10YR. value is 5 to 8 dry and 4 to 7 moist, and chroma is 
2 to 4. The C1 and c 2  horizons are Ane sandy loam, loam, mining, wildlife habitat, and watershed catchmen 

described as representative of the 

Included with this soil in mapping are small areas 

cipitation zone; wildlife group 2. 
Latene-Mohave complex (LC).-This complex is about 

65 percent Latene gravelly sandy loam and 35 percent 

' Depth to bedrock ranges from I0 to 20 inches but is 
dominantly 14 to 18 inches. Coarse fragments ran e from 
gravel to stone size and from 10 to 30 pereent by vofame. 

In the A horizon hue is lOYR to 6YR but in dominantly 
Value is  4 to 6 dry and 3 or 4 moist. Chroma $6 2 to 6. 

In the B2t horizon hue is 7.6YR to 2.6YR but is dominantb 
6YR and 7.6YR. Value is 4 or 6 dry and 3 to 6 moist. Chroma 
1s 3 to 6. The B2t horizon is gravelly heavy clay loam, clay. 

ese soils. The hazard of erosion 

soil Survey of Yavapai County, Western Part [Reference 71 
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have steep 6des.-About 40 percent of t h e  acreage is 
rock outcrops and exposures of tuff and agglomerate. 

Included with these soils in mapping, and making up 
about 10 percent of the acreage, are deep colluvial soils 
on the lower parts of side slopes and coarse-textured 
alluvial soils in the drainageways. 

Runoff is medium to rapid on these soils. The hazard 
of erosion is moderate to high. 

These soils are  used for range, wildlife habitat, min- 
ing, and watershed catchment areas. Capability unit 
VIIs-1; Loam Hills range site, 8- to 12-inch precipita- 
tion zone, wildlife group 4. 

Loamy Alluvial Land 
Loamy alluvial land consists of stratified, gravelly, 

medium-textured soils that are underlain by moderate 
to shallow, stratified gravelly loamy sand and sand. 
This material is in and adjacent to shal!ow drainage- 
ways. The alluvium weathered from a w d e  variety of 
rocks but is dominantly acid igneous material. Areas 
are rarely flooded, and then only for short periods. 

Permeability is moderate. Available water capacity 
is low to moderate. Effective rooting depth ie 60 inches 
or  more. 

This land type is used for limited grazing, wildlife 
habitat, and watershed. 

This land type is mapped only in association with 
tinental soils. Capability unit VIIw-1; Loam Bot- 

!!!!,{s range site, 8- to 12-inch precipitation zone; wild- 
life group 1. 

Lonti Series 
The Lonti series consists of deep, well-drained soils. 

These soils formed in mixed alluvium weathered from 
granite, schist, basalt, and sandstone. Lontl soils a re  
on nearly level plains to very steep alluvial fans. Slopes 
range from 0 to 60 percent. Elevation ranges from 
4,000 to 6,600 feet. The vegetation is grass, brush, and 
some pinyon pine and juniper a t  higher elevations. An- 
nual precipitation is 12 to 20 inches. The average an- 
nual air temuerature is 5Z0 to 5'7O F. and the frosbfree 
period is 140 to 200 days. 

In a representative profile the surface layer is gray- 
ish-brown gravelly sandy loam about 2 inches thick. 
The subsoil is dark-brown ~ravelly sandy clav loam 
and reddish-brown gravelly day  and gravelly clay loam 
about 43 inches thick. The substratum is vink and l i ~ h t  
reddish-brown gravelly sandy clay loam-to a depth-of 
68 inches or more. 

Permeability is slow. Available water capacity i s  
high, and the effective rooting depth is more than 60 
inches. 

These soils are used mainly for range, wildlife habi- 
tat, recreation, and watershed catchment areas. Lim- 
ited acreages of Lonti soils are used for irrigated crops 

e Chino Valley area. Small areas have been sub- 
ed for use as homesites and for small commercial 

Soil Survey of Yavapal County 

Representative rotile of Lonti gravelly sandy loam, 
0 to 8 percent s /' opes, from an area of Lonti-Abra 
gravelly aandy loams, 0 to 8 percent slopes, 0.6 mile 
W. and 0.3 mile N. of the SE. corner, see. 8, T. 16 N., 
R. 4 w.: 

A1--0 to 2 inches, grayish-brown (IOYR 6/2) 
loam, very dark ayish brown (10%?$8 %% 
moist. weak m z u m  and thick laty structure; 
*lightly hard when dry. very f&!le when motst; 
slightly sticky and slightly plastic when wet; com- . 
mon very fine and fine mots; many very fine and 
fine vesicular pores; neutral' clear, wavy boundary. 

Blt-2 to 6 inches, dark-brown ( 1 0 y ~  3/3) dry and moist 
firavelly sand clay loam; moderate, very fine and 

ne, subangurar blocky structure; hard when dry, 
friable when moist, sticky and plastic wben wet; 
many very fine and fine roots; many fine and very 
fine interstitial pores and common very fine and 
dne tubular pores; few thin clay films on ped faces; 
neutral; clear, wavy bounda 

B21t-6 to 10 inches, reddish-brown (%R 4/3) gravelly light 
clay, reddlsh brown (SYR 4/4 when moist; weak, 
fine and medium, subangular ? 1 ocky structure; very 
hard when dry, firm when moist, aticky and plastic 

fine interstitial pores; common thin d a y  films on ped 
faces; s!ightiy acid; clear, smooth boundary. 

I 
when wet; many very fine and fine roots; common J 

B22t-10 to 26 inches. reddish-brown (6YR 4/4) 
light clay. dark reddish brown (6YR 3/45"$2 
moist; moderate, medium, suhangular hlocky struc- 
ture; very hard when dry. firm when moist, s t i ~ k y  
and plastlc when wet: common fine and medlum 
mots; common very fine and fine tubular pores and 
many fine interstitial pores; common moderately 
thick clay films on ped faces; many pressure faces; 
slightly acid; clear, wavy boundary. 

B3t-26 to 45 inches, reddish-brown (SYR 5/4) gravelly clay 
loam, reddish brown (5YR 4/4) when moist; weak, 
medium, suhangular hlocky structure; very hard 
when dry, firm when moist, sticky and plastic wben 
wet; few fine and very fine mots; few very fine and 
fine tubular pores and common fine interstitial 
pores; common moderately thick clay films on ped 
faces; common pressure faces; moderately alkaline; 
gradual, wavy boundary. 

C l c a 4 6  to 55 mches, pink (6YR 7/3) gravelly sandy clay 
loam, yellowish red (6YR 6/6) when moist: mas- 
slve; very hard when dry. firm when moist, slightly 
sticky and plastic when wet; few fine and very fine 
roots; very few fine tubular pores and common fine 
interstitial pores: few pressure faces; slightly effer- 
vescent in matrix but violentlv effewescent in com- 
mon, medium, prominent, white (10YR a l l ) ,  soft 

' 

lime segregations; moderately alkaline; gradual, 
irregular boundary. 

C2ca-66 to 68 inches, li h t  reddish-brown (6YR 6/4) very 
gravelly sandy c& loam, reddish brown (6YR 5/4) 

common fine tubular pores and many interstitial 

when moist; massfve; hard when dry, friable when $ 
moist, sticky and plastic when wet; few fine ropts; 

pores; noneffewescent in matrix but strongly effer- 
vescent in common, medium, prominent, white 
(10YR 8/1), soft lime segregations; moderately 
alkaline. 

Depth to the Cca horizon ranges from 18 to 46 inches. 
Content of coarse fragments averages from 16 to 36 percent 
by volume. Reaction ranges from slightly acid to neutral in 
the A1 and B l t  horizons, from slightly acid to moderately 
alkaline in the B2t horizon, and from mildly alkaline to 
moderately alkaline in the B3t and Cca horizons. 

In the A and B l t  horizons, hue ranges from 6YR to lOYR 
but is dominantly 7.6YR or IOYR. Value is 3 to 6 dry and 
3 or 4 moist. The A horizon is gravelly sandy loam, sandy 
loam, gravelly loam, and cobbl loam 

In the B2t horizon hue is S?R or i . 6 ~ ~ .  value is 4 and 6 
dry, and chroma Is 3 to 6. The B2t horizon is heavy clay loam, 
gravelly clay loam, clay, and gravelly clay. Structure of the 

, Western Part (Reference 7) 

of 18 
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88 801E SURVEY 

Runoff ie medium to rapid on this soil. .The hazard Representative profile of Moano gravelly loam, ( 
of erosion is moderate to high. 80 percent slopes, 0.2 mile E. and 0.1 mile S. of the 8 
T~ soil is used for trees, wildlife habitat, recrea- corner, eec. 28, T. 12 N., R. 1 E.: 

tion, mining, and watershed catchment areas. Ca~abf l -  AI--o to 3 inches, brown ( 1 . 6 ~ ~  414) gravelly loam, 
i ty unit VIe-2; timber group 1; wildlife group 11. brown (IBYR 8/2) when moist; moderate, very 

Mirabal gravelly sandy loam, 20 lo  60 percent slopes and fine, anular structure; soft when dry, fri: 
(MbF).-This soil is on mountainous areas that are when mogt, slightly sticky and slightly pl8 

dissected by numerous short drainageways and a few 
when wet: common very fine and fine roots; m 
fine interstitial pores; neutral; clear, irrea 

long drainageways. It has the profile described as rep- boundary. 
resentative of the series. C-3 to 9 inches, brown (1.6YR 4/4) gravelly heavy 10 

Included with this soil in mapping, and making up brown (1.6YR 4/41 when moist; massive; sligt 
about 20 percent of the acreage, are areas of Dandrea hard when dry, fr~able when moist, slightly sti 

and plantic when wet; many fine and med~um 
gravelly loam, areas of rock outcrops, and narrow areas few coarse roots; many fine interstitial pores; rn 
of coarse-textured, recent alluvial soils in the drainage- erately alkaline; clear, irregular boundary. 
ways. R1-9 to 14 inches, olive (5Y 4/4) to olive-brown (2.6Y 4, 

Runoff is rapid on this soil. The hazard of erosion is hard, slightly weathered schist. 
R2-14 to 16 inches, pale-yellow (2.5YR 1/4), extrem 

high. hard schist. 
This soil is used for trees, wildlife habitat, recrea- Depth to bedrock ranges from 6 to 20 inches but generr 

tion, mining, and watershed catchment areas. Capabil- is 6 to 16 inches. Because of the variability of parent rr 
ity unit VIIe-2; timber group 1; wildlife group 11. reaction ranges from slightly acid to moderately alkal 

Mirabal-Dandrea complex, 20 to 60 percent slopes throughout. 
(MdF).-This complex is about 55 percent Mirabal In the A horizon hue is lOYR or 7.6YR. value is 4 or 6 

and 3 or 4 moist, and chroma is 2 to 4. The A horizon 
gravelly sandy loam and 35 percent Dandrea gravelly gravelly loam or very gravelly loam. Structure of the 
loam. These soils are  in an intricate pattern on mod- horizon ranges from platy to granular. 

In the C horizon hue is lOYR to 6YR, value is 4 to 6 i erately steep to very steep hills and mountains that are  and or moist, and is to 6, The horizon 
dissected by numerous short drainageways and a few gravelly loam or gravelly light clay loam. Content of gra~ long drainageways. in the C horizon ranges from 15 to 35 percent by volume 

Included with these soils in mapping, and making UP M~~~~ gravelly loam, 0 to 30 percent slopes (MgD).. about 10 percent of the acreage, are areas of rock out- soil is on hills that are dissected by numerous crops, very stony areas, areas of Mirabel gravelly sandy drainageways and a few long drainageways. It has t. loam, and areas of Dandrea gravelly sandy loam that profile described as representative of the series. has slopes of 8 to 15 percent. Included with this soil in mapping, and making I Runoff is medium on these soils. The hazard of ero- about 15 percent of the acreage, are small areas of A: sion is high. gravelly clay loam that has slopes of 0 to 15 perce These soils are  used for trees, wildlife habitat, rec- and areas of L~~~ loam in the drainageways. reation, mining, and watershed catchment areas. Both 
~ ~ ~ ~ f f  is medium to rapid on this soil. The haza; parts in capability unit VII-2. Mirabal part in timber of erosion is moderate. 

group 1; Dandrea part in timber group 1. Both parts This soil is used for range, wildlife habitat, minin in wildlife group 11. ant1 watershed catchment areas. Capability unit VIIc 
1; Granitic Loam Hills range site, 12- to 16-inch pr 

Moano Series 

The Moano series consists of well-drained soils that 
a re  very shallow and shallow over schist. These soils loam and 20 percent outcrops.  hi^ complex is ( 
formed in place on gently sloping to v e 4  steep hills. moderately steep and very steep hills and mountail 
Slopes range from 0 to 60 percent. Elevation ranges that are dissected by numerous short drainageways. 
from 4,000 to 5,500 feet. The vegetation at: higher ele- Included with this soil in mapping, and making 
vations i s  brush and an understory of grass. At the about 10 percent of the acreage, are small areas of AI 
lower elevations grasses are  dominant. Annual Pre- gravelly clay loam that has slopes of 8 to 30 perce] 
cipitation is 12 to 16 inches. The average annual air  and ,arrow areas of Lynx soils in the drainageways. 
temperature is 50" to 67' F, and the frost-free period Runoff is rapid. The hazard of erosion is moder&l 
is 140 to 200 days. to high. 

In  a representative profile the surface layer is brown This soil is used for range, wildlife habitat, minin: 
gravelly loam about 3 inches thick. The next. layer js and watershed catchment areas. Capability un 
brown gravelly heavy loam about 6 inches thlck. It 1s VIIs-1; Granitic Loam Hills range site, 12 to 16-inc 
underlain by olive-brown schist. precipitation zone; wildlife group 5. 

Permeability is moderate. Available water capacity Moano extremely rocky loam, 15 to 30 percent slopc 
is low, and the effective rooting depth is less than 20 (MOD).-This complex is about 60 percent Moano gravel1 
inches. loam and about 30 percent rock outcrops. It i s  o 

These soils are  used mainly for range, wildlife habi- strongly sloping and moderately steep hills that a! 
tat, mining; and watershed catchment areas. The un- dissected by numerous short drainageways. 
derlying rock is used for building stone in limited Included with this soil in mapping, and making u 
amounts. about 10 percent of the acreage, are small areas of Ar 

Soil Survey of Yavapai County, Western Part (Reference 7)  



Appendix D,21 
YAVAPAI coukw A#~ZONA, WESTERN PART 4: 

8 -  to 12-inch precipitation zone, 

Rock land (Ro) consists of 60 to 90 percent rock oub 
crops, and the rest is shallow and very shallow soils. 

horizon i s  clay or silty clay. It is gently rolling and steep on hills, mountains, and 
issected by numerous drainageways 

and vertical escarpments. The rock outcrops are gran- 
ite, basalt, limestone, sandstone, or tuff. 

Runoff is medium to high. The hazard of erosion 

getation is grass, chaparral, or juniper. For- 
ve gravelly sandy loam. age production is limited because of the rock outcrops 

this soil. The hazard of and shallow and very shallow soil depth (fig. 8). 
Capability unit VIIs-1. 

rg consists of 50 to 90 per- 
the rest is shallow and very 

ert  areas and is gently sloping 
, and divides that are 

inageways and vertical 
rops are basalt, andesite, 

1 precipitation is less than 

s medium to high. The hazard of erosion is 

cover of desert shrubs 
minantly annual grasses. 

severely limited because of the 
rainfall, and shallow and very 

shallow depth to bedrock. Capability unit VIIs-1. 
, wildlife habitat, and 

parts in capability ~~~~h ~~~k~~ ~~~d 
m Hills range site, 
ve part in Caliche Rough broken land (Rs) consists of very shallow to 

range site, 8- to 12-inch precipitation zone. deep soils and soil materials that range from sandy 
part in wildlife group 4;  Cave part  in wildlife loam to clay loam and are generally calcareous. It 

is moderately. steep and verylsteep on fans that are  
cted by numerous steepsided drainage- 

are highly variable but a re  dominantly 
t and 30 percent 15 to 60 percent. The soils and soil materials a re  
s slopes of 8 to variable because of the wide variety of materials that 
cate pattern on form the fans. The surface layer in some areas is 
s that are dis- gravelly. Soil slipping is common. Tuffaceous material 
a t  have steep is exposed along some of the drainageways. Geologic 
s and slightly erosion is active. 

ith this land type in mapping are small 
areas of Lonti gravelly loam and similar soils that 

e small areas appear to be remnants of old surfaces. 
of erosion is high. 

imited grazing, wildrife 
catchment areas. Capabiliw 

Rune Series 

The Rune series consists of deep, well-drained soils. 
soils are used for range, wildlife habitat, and These soils formed in mixed alluvium that weathered 
d catchment areas. Capability unit VIIe-1; from shale, limestone, sandstone, and basalt. They are 

Soil Survey of Yava~d County, Western Part (Reference 7) 
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D.2.2. Land Use 

Land Use Description 

Existing Land Use 

Future Land Use 

Municipalities' Land Use Plans 



CLIENT: FCDMC 

JOB: Wittmann Area Drainaoe Master Studv Update 

SHEET OF 

BY AMG DATE 411 912004 

CHECK DATE 

JOB NO. 310.032 

Land Use Descriptions 
I I I I I I I I 



Drainage Design Manual for Maricopa County Hydrology: Rainfall Losses 

Table 4.2 
/A, RTIMP, AND VEGETATIVE COVER DENSITY FOR REPRESENTATIVE LAND USES 

IN MARICOPA COUNTY 

Notes: 
1. Other land use or zoning classifications, such as Planned Area Development and Schools must be evaluated on a case by case basis. 
2. These values have been selected to fit many typical settings in Maricopa County; however, the engineerlhydrologist should always evaluate the specific circum- 

stances in any particular watershed for hydrologic variations from these typical values. 
3. RTIMP ='Percent Effective lmpelvious Area, including right-of-way. Effective means that all impervious areas are assumed to be hydraulically connected. The 

RTIMP values may need to be adjusted based on an evaluation of hydraulic connectivity. 
4. Vegetation Cover = Percent vegetation cover for pelvious areas only. 
5. RTIMP values must be estimated on a case by case basis. 
6. Vegetation Cover values must be estimated on a case by case basis. 

November 2003 (Draft) 



Drainage Design for Maricopa County, Volume I  hydrol log^ IReferencc 151 

SR Suburban Ranch 

Qneral hlvltiple Rcsid. 
R-4 Multi-Family General R5 
R-Th 

Mobile Home 
Toanhuse 

MH-I Mobile Homes TCR9 TC. Restricted Multi-Res RDM 
Commercial Trailer Park 

Mobile Home Residence ?.a 
TCR-3 TC. General Res. 

Light Industrial 

Central Commercial c3 
Rr8identi.l Senices 

Geneid Comme&l C 3  General Commercial 
Central Comm. District C-O 

Residential Con~anienrr. 
Com=ercial 05m C-O Commercial O f f i  

High Rise District 

Planned Shopping Center 

PC0 " k a ~ e d  C Offices PEP Planned Employment Park 

Public Facilities 

Planned Community Development 

IUP Indunnal Plan of Dtvehpment 
R 0 . W .  Right ofIVay 

- - 
January 1. 1995 



Appendix D.2.2 

,@En tellus 
SHEET OF 

BY DATE 

CLIENT: FCDMC CHECK DATE 

JOB: WiUmann Area Drainase Master Studv Update JOB NO. 310.032 

Existing Land Use Summary by Basin 

Page 1 of 18 



Appendlx D.2.2 

G E n ~ e l l u r  SHEET BY OF DATE 

CLIENT: CHECK DATE 

JOB: Wittmann Area Drainaqe Master Study Update JOB NO. 310.032 

Existing Land Use Summary by Basin 



CLIENT: CHECK DATE 

JOB: Winmann Area Drainaae Master Study U~date  JOB NO. 310.032 

Existing Land Use Summary by Basin 

Page 3 of 18 



SHEET OF 

BY DATE 

CLIENT: FCDMC CHECK DATE 

JOB: Wittrnann Area Drainaqe Master Studv Uodate JOB NO. 310.032 

Existing Land Use Summary by Basin 

Page 4 of 18 



CLIENT: FCDMC CHECK DATE 

JOB: Wittmann Area Drainaae Master Study U~date JOB NO. 310.032 

Existing Land Use Summary by Basin 

Page 5 of 18 



Appendix D.2.2 

SHEET OF 

BY DATE 

CLIENT: FCDMC CHECK DATE 

JOB: Wlurnann Area Dralnaae Master Studv U~date  JOB NO. 310 032 

Existing Land Use Summary by Basin 

Page 6 of 18 



Appendix D.2.2 

,@En tellus 
SHEET OF 

BY DATE 

CLIENT: FCDMC CHECK DATE 

JOB: Winmann Area Drainaae Master Studv Uodate JOB NO. 310.032 

Existing Land Use Summary by Basin 

Page 7 of 18 



Appendix 0.2.2 

SHEET OF 

BY DATE 

CLIENT: FCDMC CHECK DATE 

JOB: Wittmann Area Drainaqe Master Study U~date JOB NO. 310.032 

Existing Land Use Summary by Basin 

Page 8 of 18 



SHEET OF 

BY DATE 

CLIENT: FCDMC CHECK DATE 

JOB: Wittmann Area Drainaae Master Study U~date  JOB NO. 310.032 

Existing Land Use Summary by Basin 

Page 9 oi 18 



Appendix D.2.2 

SHEET OF 

BY DATE 

CLIENT: FCDMC CHECK DATE 

JOB: Wittrnann Area Dainaqe Master Study Uodate JOB NO. 310.032 

Existing Land Use Summary by Basin 

Page 10 of 18 



Appendix 0.2.2 

SHEET OF 

BY DATE 

CLIENT: FCDMC CHECK DATE 

JOB: Wittmann Area Drainase Master Study Uildate JOB NO. 310.032 

Existing Land Use Summary by Basin 

Page 11 oi  18 



!& Appendix D.2.2 

SHEET OF 

E ~ ~ t e l l u s  9 BY DATE 

CLIENT: FCDMC CHECK DATE 

JOB: Wittrnann Area Drainaae Master Study U~date JOB NO. 310.032 

Existing Land Use Summary by Basin 

Page 12of18 



Appendix D.2.2 

SHEET OF 

BY DATE 

CLIENT: FCDMC CHECK DATE 

JOB: Wittrnann Area Drainaqe Master Study Ulldate JOB NO. 310.032 

Existing Land Use Summary by Basin 

Page 13 of 38 



Appendix 0.2.2 

SHEET OF 

BY DATE 

CLIENT: FCDMC CHECK DATE 

JOB: Wlttrnann Area Dralnaoe Master Study U~date  JOB NO. 310 032 

Existing Land Use Summary by Basin 

Page 14 of 18 



CLIENT: FCDMC CHECK DATE 

JOB: Wittrnann Area Dainaqe Master Studv UDdate JOB NO. 310.032 

Existing Land Use Summary by Basin 

Page 15of 18 



Appendix D.2.2 

SHEET OF 

BY DATE 

CLIENT: FCDMC CHECK DATE 

JOB: Wittmann Area Drainaoe Master Studv Update JOB NO. 310.032 

Existing Land U s e  Summary by Basin 



Appendix D.2.2 

~ k l k i l u s  SHEET BY OF DATE 

CLIENT: FCDMC CHECK DATE 

JOB: Wlitrnann Area Dralnaae Master Study U~date JOB NO. 310 032 

Existing Land Use Summary by Basin 

Page 17of 18 



Appendix D.2.2 

,@~~rtrlli_a SHEET By OF DATE 

CLIENT: FCDMC CHECK DATE 

JOB: Wittmann Area Drainaqe Master Study Update JOB NO. 310.032 

Existing Land Use Summary by Basin 

Area WMS Land Mag Land IA(ln) lnltiol 
Bason lo (sqmllas) Use Code Use Code Absbact~ons RTlMP X Vegetabon Land Use Definlbon 

WT160 0 80 730 OPEN4 0 35 0 30 ~assive open space (lndudes rnountaln preselves and washes) 
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D.2.3. Time of Concentration 



Table HY-D.2.3 ~ i m e  of Concentration 
Page 1 o f  12 

CLIENT: FCDMC JOB NO. 310.032 

JOB: Wittmann Area Drainaqe Master Studv U~date 

1 1 1 ~ 3 2 2  1 29694 1 5.624 118121 16141 35.2 11.89231 1 35.2 1 1 35.2 1 B 1 1.442 1 1.537 1 1.371 1 1.453 1 Natural I Natural I 
"Adjusted length used for Tc calculation 

Adjusted slope used 
S-Graphs used (""' used to identify S-Graph basins ) 
Adjusted length and slope used 
Roughness classes detenined based an Hydrology Manual definitions 



Table HY-D.2.3 T~G of Concentration 
Page 2 o f  12 

CLIENT: FCDMC JOB NO. 310.032 

JOB: Wittrnann Area Drainaqe Master Study Update 
24-hr 6-hr 

TOC basin Resistance Existing Future 
TOC TOC US DS Adjusted adjusted adjusted Adjusted Coefficient Time-Area Time-Area 

Basin Length Length Elev Elev Slope Area Length slope slope Slope Class K~~ Tc R Tc R Relation Relation 

[ftl [mi] [ft] [ft] [ftlmi] [mi? [mi] [ftlmi] [ftlmi] [ftlmi] [A, B, C, Dl [hr] [hr] [hr] [hr] 

aAdju~ted length used for Tc calculation 
'Adjusted slope used 
' S-Graphs used ( **"* used to identify S-Graph basins ) 

Adjusted length and slope used 
Roughness classes determined based on Hydrology Manual definitions 



Table HY-D.2.3 Time of Concentration 
Page 3 of 12 

CLIENT: FCDMC JOB NO. 310.032 

JOB: Wittmann Area Drainage Master Study U~date 

"Adjusted length used for Tc calculation 
Adjusted slope used 
S-Graphs used (""*used to identify S-Graph basins ) 

'Adjusted length and slope used 
Roughness classes determined based on Hydrology Manual definitions 

I 

Basin 

Existing 
Time-Area 
Relation 

IW390A 
1W392 
1W394 

Future 
Time-Area 
Relation 

TOC 
Length 

lftl 

24-hr 

15477 
10410 
27057 

Tc 

lhrl 

6-hr 

TOC 
Length 

lmil 

R 

lhrl 

Tc 

lhrl 

2.931 
1.972 
5.124 

R 

lhrl 

US 
Elev 

lftl 

2460 
2520 
3380 

DS 
Elev 

lftl 

2155 
2038 
2260 

Slope 

lfllmil 

104.1 
244.5 
218.6 

Area 

imizl 

0.9003 
1.1135 
4.1731 

Adjusted 
Length 

lmil 

104.1 
244.5 
218.6 

TOC 
adjusted 

slope 

lftlmil 

233.0 
212.0 

basin 
adjusted 

slope 

lfllmil 

104.1 
233.0 
212.0 

Adjusted 
Slope 

lftlmil 

C 
C 
D 

Resistance 
Coefficient 
ClassKbe 

IA. B. C. Dl 

1.033 
0.500 
1.367 

0.963 
0.278 
0.857 

0.971 
0.504 
1.367 

0.899 
0.280 
0.857 

Natural 
Natural 
Natural 

Natural 
Natural 
Natural 



Table HY-D.2.3 Time of Concentration 
Page 4 of 12 

"Adjusted length used for Tc calculation 
Adjusted slope used 
' S-Graphs used ("""used to identify S-Graph basins ) 

Adjusted length and slope used 
Roughness classes determined based on Hydrology Manual definitions 

CLIENT: FCDMC JOB NO. 310.032 

JOB: Wittmann Area Drainaqe Master Studv U~date 

PD756 
PD760 

aP1600 

25028 
6784 
7813 

4.740 
1.285 
1.480 

2224 
1844 
1342 

1516 
1532 
1320 

149.4 
242.8 
14.9 

3.2304 
0.8671 
0.6050 0.403 

149.4 
242.8 
54.5 

235.0 
149.4 
235.0 
54.5 

D 
D 

B 

1.500 
0.542 
0.542 

1.093 
0.248 
0.341 

1.500 
0.533 
0.513 

1.093 
0.244 
0.321 

Natural 
Natural 
Natural 

Natural 
Natural 
Urban 



Table HY-D.2.3 Time of Concentration 
Page 5 of 12 

CLIENT: FCDMC JOB NO. 310.032 

JOB: Wittmann Area Drainaqe Master Studv U~date 
I 24-hr I 6-hr I 

Basin 

1~1606 1 13056 1 2.473 1 1462 1 1352 1 44.5 1 1.0766 1 1 44.5 1 1 44.5 1 B 10.879 10.635 1 0.842 10.605 1 Urban I Urban 
1 ~ 1 6 0 6 ~  1 9420 1 1.784 115481 14521 53.8 10.45721 1 53.8 1 1 53.8 1 B 1 0.667 1 0.586 1 0.608 1 0.529 1 Natural I Natural 

TOC 

P1600A 
PI603 
PI604 

Existing 
Time-Area 

Length 

a Adjusted length used for Tc calculation 
Adjusted slope used 

' S-Graphs used ( ""' used to identify S-Graph basins ) 
Adjusted length and slope used 
Roughness classes determined based on Hydrology Manual definitions 

Future 
Time-Area TOC 

[ft] 

4796 
9536 
7549 

P1645A 
PI648 
PI651 

Length 
US 

[mi] 
0.908 
1.806 
1.430 

22945 
20686 
10151 

Elev 
DS 

[ft] 
1376 
1412 
1644 

4.346 
3.918 
1.922 

Elev 
Adiusted 

[ft] 
1340 
1336 
1390 

2016 
1848 
1712 

Slope 

TOC 
adiusted 

[Wmi] 
39.6 
42.1 
177.6 

1654 

1588 
1588 

Area 

basin 
adiusted 

[mi2] 

0.5203 
0.5190 
0.3628 

83.3 
66.4 
64.5 

Length 
Adiusted 

[mi] 

1.6307 
1.7278 

0.4594 

Resistance 
Coefficient 

slope 

[Wmi] 

39.6 
42.1 
177.6 

83.3 
66.4 
64.5 

slope 

[Wmi] 

83.3 
66.4 
64.5 

Slope 

[Wmi] 
39.6 
42.1 
177.6 

C 
C 
C 

Class K , ~  

[A, B, C, Dl 

B 
B 
D 

1.367 
1.388 
0.983 

Tc 

[hr] 
0.450 
0.738 
0.688 

1.283 
1.162 
0.954 

R 

[hr] 
0.205 
0.615 
0.579 

1.288 
1.317 
0.892 

Tc 

[hr] 

0.417 
0.675 
0.629 

1.201 
1.096 
0.856 

R 

[hr] 

0.188 
0.558 
0.525 

Natural 
Natural 
Natural 

Relation 

Natural 
Natural 
Natural 

Relation 

Natural 
Natural 
Urban 

Urban 
Urban 
Urban 



Table HY-D.2.3 Time of Concentration 
Page 6 of 12 

CLIENT: FCDMC JOB NO. 310.032 

JOB: Wittrnann Area Drainaqe Master Studv Update 

a Adjusted length used for Tc calculation 
'Adlusted slope used 
' S-Graphs used ( *"" used to identify S-Graph basins ) 

Adjusted length and slope used 
Roughness classes determined based on Hydmlogy Manual definitions 

SVZ08 
b ~ ~ 2 1 0  

SV212 

17407 
10699 
24690 

3.297 
2.026 
4.676 

3140 
2280 
1800 

1488 
1500 
1462 

501.1 
384.9 
72.3 

1.0674 
0.7184 
4.1391 

501.1 
384.9 
72.3 

301.0 
283.0 

301.0 
283.0 
72.3 

D 
B 
B 

0.971 
0.329 
0.942 

0.896 
0.229 
0.529 

0.925 
0.313 
0.979 

0.849 
0.216 
0.552 

Natural 
Natural 
Natural 

Natural 
Natural 
Natural 



Table HY-D.2.3 Time of Concentration 
Page 7 of 12 

'Adjusted length used for Tc calculation 
Adjusted slope used 
S-Graphs used ( ""* used to identify S-Graph basins ) 
Adjusted length and slope used 
Roughness classes determined based on Hydrology Manual definitions 



Table HY-D.2.3 Time of Concentration 
Page 8 of 12 

CLIENT: FCDMC JOB NO. 310.032 

JOB: Wittmann Area Drainaae Master Study Update 

I ISV276 1 15413 1 2.919 116661 15581 37.0 10.92331 1 37.0 1 1 37.0 1 B 10.9581 0.870 10.900 10.812 1 Natural I Natural I 

Adjusted length used for Tc calculation 
'Adjusted slope used 
' S-Graphs used ("'*'used to identify S-Graph basins ) 
'Adjusted length and slope used 

Roughness classes determined based on Hydrology Manual definitions 



Table HY-D.2.3 Time of Concentration 
Page 9 of 12 

"Adjusted length used for Tc calculation 
Adjusted slope used 
' S-Graphs used (""'used to identify S-Graph basins ) 

Adjusted length and slope used 
Roughness classes determined based on Hydrology Manual definitions 

CLIENT: FCDMC JOB NO. 310.032 

JOB: Wittmann Area Drainaae Master Studv UDdate 

TW456 
TW458 
TW459 

7348 
9903 
22494 

1.392 
1.876 
4.260 

2044 
2150 
2500 

1920 
1964 
2060 

89.1 
99.2 
103.3 

0.1764 
0.6697 
1.0450 

89.1 
99.2 
103.3 

89.1 
99.2 
103.3 

C 
C 
C 

0.746 
0.733 
1.413 

0.936 
0.545 
1.688 

0.683 
0.688 
1.346 

0.849 
0.507 
1.600 

Natural 
Natural 
Natural 

Natural 
Natural 
Natural 



Table HY-D.2.3 T i m e  o f  Concentration 
Page 10 o f  12 

CLIENT: FCDMC JOB NO. 310.032 

JOB: Wittmann Area Drainaae Master Study Update 

a Adjusted length used for Tc calculation 
'Adjusted slope used 

' &Graphs used ( "*" used to identify S-Graph basins ) 
Adjusted length and slope used 

Roughness classes determined based on Hydrology Manual definitions 



Table HY-D.2.3 Time of Concentration 
Page 11 of 12 

CLIENT: FCDMC JOB NO. 310.032 

JOB: Wittmann Area Drainaae Master Studv U~date  

a Adjusted length used for Tc calculation 
'Adjusted slope used 
' S-Graphs used ('****used to identify S-Graph basins ) 
'Adjusted length and slope used 

Roughness classes determined based on Hydrology Manual definitions 



Table HY-D.2.3 Time of Concentration 
Page 12 o f  12 

CLIENT: FCDMC JOB NO. 310.032 

JOB: Wittmann Area Drainaqe Master Studv UDdate 

1W1574 1 6919 1 1.310 119281 18361 70.2 10.21901 1 70.2 1 1 70.2 1 B 1 0.492 1 0.496 1 0.454 1 0.454 1 Natural 1 Natural I 

a Adjusted length used for Tc calculation 
'Adjusted slope used 
' S-Graphs used (""' used to identify S-Graph basins ) 

Adjusted length and slope used 
Roughness classes determined based on Hydrology Manual definitions 
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CLIENT: FCDMC 

JOB: Wittmann Area Drainaqe Master Studv Update 

Basin Tc > 90 Minute Check 

SHEET OF 

BY GLA DATE 

CHECK RAS DATE 

JOB NO. 310.032 

There were several basins that defaulted to a Tc value of 90 minutes in WMS. To determine if this was a reasonable 
assurnpllon one lierailon of a rnan~al compJiailon was performed The rainfall ~niens ry was oased 0,) ine asuurneo Tc 
v a l ~ e  of 90m n and was tanen from Hydro ogy Manual As can be seen from the data ue ow, a l oaslns n qLes1 on 
have Tc values that are in the general range of appropriate values 



D.2.4. Hydraulic length and slope 



0 Details regarding the hydraulic length and slope for each 
individual subbasin are contained in Appendix D.2.3. 



HEET- OF 9 Entellusm 
BY i b ~ ~  DATE / P 1 0 q  
CHECK DATE 

CLIENT CIouL 
& I  tin t ~ ~ v r v l  Ai)MSLI JOB NO 

3 1 0 , 0 5 ~  
JOB NAME Pi 

230 - -  \ 
6P0 

MEASURED WATERCOURSE SLOPE, FT/MILE 

Flgure 5.4 
Slope Adjustment for Steep Watercourses In Natural Watersheds 

(Source: Dralnage Crlterla Manual, Urban Dralnage and 
Flood Control Dlstrlct, Colorado, May 1984.) 

~ ~ W ~ @ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ & ~ ~ ~ V ~ ~ ~ @ N ~ ~ ~ ? ; ~ : I / ~ ~ ~ ~ ~ W ; W J I ~ ~ ~ ~ K ~ ~ O ) * K ~ Z ~ ~ , W ~ ~ ~ ~ ~ ~ ~ I Z ~ ~ ~ ; ~ . - . . M M N . - . . ~ ~ ~  

June 1,1992 5-1 1 





g E n t e l l u s  
SHEET OF 

BY DATE 

CLIENT: FCDMC 

JOB: Wittmann ADMSU 
JOB NO. 310.032 

S-Graph Generation 

Per the District's request, S-graphs were used for the two basins directly upstream of 
Bonita Dam. The Hydrology Manual methodology and procedure was followed for the 
development of the S-graphs. DesertlRangeland S-graph types were chosen and the Kn 
value was taken from Bing Zhao's report 'Hydrologic Study for Bonita Dam - Maricopa 
County, Arizona' (Reference 39) per the Districts request. 



Summary of Lca and Kn values for S-Graphs 

The following equation, as recommended by the Corp of Engineers was used: 





SHEET OF 

BY DATE 

CLIENT: FCDMC 
JOB NO. 310.032 

JOB: Wittmann ADMSU 

S-Graph Parameters 

Basin Name PD726B 

Basin Area [mi2] 0.9345 
Basin Lag [hr] 0.88 
Time Step [min] 5 
Time Step [hr] 0.0833 

Qu[t 7237 
S-Graph Type DesertlRangeland 

UI AND COMl5NT CARDS 
Desert /Rangeland S-Graph for B a s i n  PD726B 

* Bas in  Area [mi21 = 0.9345 
* Bas in  Lag [hrl = 0.88 
* Time Step [rninl = 5 
* Qult = 7237 
" 

0 " 571 
60 60 123 221 315 397 469 529 559 

551 518 438 376 317 269 227 193 166 
UI 135 115 100 9 1  63 63 48 4 1  4 1  37 
UI 15 15 15 15 15 15 15 15 15 0 

Q vs. Time 

~~~~ 100 

0 ******.*****.** :  
0 0.5 1 1.5 2 2.5 3 3.5 

Time [hrsl 



@EntelIus 
SHEET OF 

BY DATE 

CLIENT: FCDMC 
JOB NO. 310.032 

JOB: Wiltmann ADMSU 

Basin Name 

I ," -"= 
Time (hrs) I Time (min)l V / .  U.1, I Q I DeseNRangeland 

" """ I " " " #  " I  " I  " "" 



G E l l t e i l u s  
SHEET OF 

BY DATE 

CLIENT: FCDMC 
JOB NO. 310.032 

JOB: Wittmann ADMSU 

S-Graph Parameters 

Basin Name PD740 
Basin Area [mi2] 1.2839 
Basin Lag [hr] 0.96 
Time Step [min] 5 
Time Step [hr] 0.0833 

Q u n  9942 
S-Graph Type DeserURangeland 

UI AND COMMENT CARDS 
* Deaert/Rangeland S-Graph for Basin PD740 
+ Basin Area [mi21 = 1.2839 
+ Basin Lag Ihrl - 0.96 
* Time Step Iminl = 5 
r puit = 994a 

0 75 7 5 124 249 353 452 537 631 672 
UI 718 a" 719 692 

657 561 491 417 361 310 269 

UI 226 197 167 141 125 115 83 80 68 51 
UI 51 51 34 18 18 18 18 18 18 18 
UI 18 18 18 0 

Q vs. Time 



@Entellus 
SHEET OF 

BY DATE 

CLIENT: FCDMC 
JOB NO. 310.032 

JOB: Winmann ADMSU 

Basin Name PD740 





D.3.1. Manning's n Value 





Appendix D.3.1 

"n" Value Typical 
Regions Report 

1) Outlet Channel Region "n" Values 
I 

2) North Region "n" Values / 
\ 

3) Central Region "n" Values 

4) South Region "n" Values 



Outlet Channel 
Region "n" Values 



Appendix D.3.1 
Table HY-D.3.1 

Project: Wittmann ADMSU 
Stream: Channels 
Location: Reaches-Southeastern portion of watershed 

Channel Material 

Degree of Irregularity 

Effects of Obstruction 

Variations in Channel Cross Section 



Looking Downstream of McMicken Channel 

Appendix D.3.1 
Outlet Channels 

Looking Upstream of McMicken Channel 



North Region "n" 
Values 



CLIENT FED 



Appendix D.3.1 
North Region "n" Values 

- :  .; . $ w : ; : T w  
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. ' - -  I . ,  1 - 1.  1. 





2246 N. 44th Strsst S n b  196 
PhosntrAZ86009sRg 

@&tdw- E 80PUCZMW) eolau947 
Brmn manteILoaeom 

wlmdANN 
AREA DRAINAGE MASTER STUDY UPDATE (ADMSU) 
FLCOD COhTROL DISTRICT OF MARICOPA COUNTY 

CONTRACT FCD 2002CO29 

CHANNEL ROIJIWG TIPICAL CROSS-SECTlON 
L J ~ ?  --- 90. / 

Date : 4ROR004 





*- 

BY:% Dale &4 
ckd .= Date 

I 

\ I I - 
I 

6 2  I 

- I 

r7u 

- -I 
1 I 

-. - - 

I I 
i 

I 

I 
4 

, 
I 

,370 300 66?7 7m 8m p* /@ 

2266N.44thStmt Suite136 
PbosnirAZ8WOBBP19 

EliEntdw- 2 6012U1668 602244.@47 
%nun rnmntello~om 

WlTTMANN 
AREA DRAINAGE MASTER STUDY UPDATE (ADMSU) 
FUW)D CONTROL DISTRICT OF MARICOPA C O m  

CONTRACT FCD 2002CM9 

CHANNEL ROUIWG TYPICAL CROSS-SECTION 
772-73- 20 

Dale : 4ROnW 



Central Region "n" 
Values 



CLIENT R.0 

BY d DATE fhl/f 
CHECK DATE 4b?/4 



Appendix D.3.1 
Central Region "n" Values 









22b5N.Mth8trast ~~ 
P b o s n t r A Z ~  

Entellus- 2 BOMl(eSBO 
602%&#47 - m- wIn?dAm 

AREA DRAINAGE MASTER STUDY UPDATE (ADMSU) 
RXX~D CONTROL ~rmun OF MARICOPA COW 

CONTRACT FCD mm9 

CHANNEL ROUTING TYPICAL CROSSSECTION 
I#-7r- 30. / 

- Date:4lZOR004 



South Region "n" 
Values 



H E E T  OF 

BY Cf? DATE! 

CHECK -ATE $Ar/&- 

JOB NAME ~OMSH JOB NO. ?/do37 



Appendix D.3.1 
South Region "n" Values 





4865N.UthShwt -126 
-AZ- 

&ntdus9 6012112688 6OUUS41 
mmntsllIuwm 

wrniWM4 

FUXlD CONTROL DISTRICT OF MARICOPA COUNN 
AREA DRAINAGE MASTER STUDY UPDATE (ADMSU) 

CONTRACT FCD 2002C029 

CHANNEL ROUTING TYPICAL CROSSSECIION 

l*uT-p-/d / 
Date : 4RORW4 



D.3.2. Cross Section Geometry 



Appendix D.3.2 

Typical Cross 
Sections by "n" Value 

Region 
a 

1) Cross Sections Using Outlet 
Channel Region "n" Values 

2) Cross Sections Using North Region 
"n" Values 

3) Cross Sections Using Central 
Region "n" Values 

4) Cross Sections Using South Region 
"n" Values 



Outlet Channel 
Typical Sections 



. 

,j%~f/#a c ~ 7 )  

lZbs N. 44th S& htta US 
Pbocmlx.AZ8W088nB 

2 80PUh2SBB 
602X43M7 

Bman mmtsnlle.mm 

WITIUANN 
AREA DRAINAGE MASTER STUDY UPDATE (ADMSU) 
FU3OD CONTROL DISTRICT OF MARICOPA COUNN 

CONTRACT FCD 2002C029 

CHANNEL ROUTING TYPICAL CROSSSECIION 
/tk~>hin awl &!hf L%br)#@ / 

Date : 4i2On004 





CLIENT: FCDMC 

JOB: Wittmann Area Drainaqe Master Studv UDdate 

Station Elevation 

96 
113 
130 4 
135 6 

SHEET OF 

BY DATE 

CHECK DATE 

JOB NO. 310.032 

I TSAFZO 

0 20 40 60 80 100 120 140 

Station [fl] 



North Region Typical 
Sections 



CLIENT 

:IEET- OF 

DATE '?//</d 
CHECK DATE 9 f  OY 
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VmTMANN 
AREA DRAINAGE MASTER STUDY UPDATE (ADMSU) 
FLOOD CONTROL DISTRICT OF MARlCOPA C O W  

CONTRACT FCD 2002C029 

CHANNEL ROUTING TYPICAL CROSS-SECTION 
TSR606 

Date 3117l2003 
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AREA DRAINAGE MASTER STUDY UPDATE (ADMSU) 
FLJ3OD CONTROL DISTRICT OF MARICOPA C O W  

CONTRACT FCD 2002C029 
.. 

CHANNEL ROUTING TYPICAL CROSS-SECTION 
TSR62 1 

Date 311712003 
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BY - Date 
Ckd C L  Date 
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AREA DRAINAGE MASTER STUDY UPDATE (ADMSU) 
FUIOD CONTROL DISTRICT OF MARICOPA C O W  

CONTRACT FCD 2002C029 

CHANNEL ROUTING TYPICAL CROSS-SECTION 
IONA WASH 
Secnon 1%'-TS-102 Date 9122,2003 Pg 2 of9 
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AREA DRAINAGE MASTER STUDY UPDATE (ADMSU) 
FU3OD CONTROL DISTRICT OF MARICOPA COUNTY 

CONTRACT FCD 2002C029 

CHANNEL ROUTING TYPICAL CROSS-SECTIOU 
IONA WASH 
Section IW-IS-10 1 Date 9/22/1003 Pg I of 9 
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&chon PD-TS-I0 Date 9n212003 Pg l o f5  
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PICACHO WASH 
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#Entellurn I 602.Mm6 602244.8941 
Bmait nar.entelImcm 

WlTTMANN 
AREA DRAINAGE MASTER STUDY UPDATE (ADMSU) 
FLOOD CONTROL DISTRICT OF MANCOPA C O U N n  

CONTRACT FCD 2002C029 

CHANNEL ROUTING TYPICAL CROSS-SECTION 
PICACHO WASH 
Section PI-TS-20 Date 912212003 Pg 3 of j 



.e 
hYmVlqnmnWocyacaa-nh 

* 
By : Date : 

Ckd : Date : ?/?/+ 

/station Iffr j E ~ ~ i ~ ~ " ~ t , j l  : 

+--.- .- .. , . ..... .- 

i I -  0 . ~. . ~ 1612 

- ~-h/it- 
. - . . . 

-,f-u*/fl 64-* 
: 1611.8 /--2T-. .--- 

! 1612 - . . . .. . . 

Cbr5 212 1 
ZmN.44tJlStrwt suit8185 
P b o c m t L A Z -  

&t  US^ g '3O!UudBBB 60PBIA8I117 
E-mail m n n m t e l l ~ m  

A 

WrmdANN 
AREA DRAINAGE MASTER STUDY UPDATE (ADMSU) 

CONTRACT FCD 2002C029 
ROOD CONTROL DISTRICT OF MARICOPA C O W  

CHANNEL ROUTING TYPICAL CROSS-SECTION 

Seetion : PI-TS-10.2 Date : 9Ru2003 Pg : 2 of 5 

PICACHO WASH 



4166N.44thStrwt &IIte]aS 
Phcmix. A2 860&$3E3 

W l l n a N N  
AREA DRAINAGE MASTER STUDY UPDATE (ADMSU) CHANNEL ROUTING TYPICAL CROSS-SECTION 

~ m ? h s m  $ 60lau2666 802aUS941 FLOOD CONTROL DISTRlCT OF MARlCOPA C O W  PICACHO WASH 

CONTRACT FCD 2002C029 Sect~on PI-TS-I0 1 Date 9022003 Pg I of5 W W W d l l t e ~ ~  



a a 
*Ymyloyl==w-w--l+-g 

BY:- Date : - 
~ k d  : &are : Wa 

lewtion [ft] 
2345 
2343 

2333.5 ' - /~-uu/vr  J A ~  
2334 

2334.5 
2341 ,d-va/bt /,ad>* 

2343.5 

-. . . . . 
2345 

I. . : '., - . 

10 
( I ~ c s  J r J  I 

a216N.MtlIStmt snitam 
P h o r m t L A Z ~  

m244m6 #&tdusm E m.244&47 
~ m s n  www.anten11l~com 

. ~ 

wlnMANN 
ARFA DRAINAGE MASTER STUDY UPDATE (ADMSU) 
FLQOD CONTROL DISTRICT OF MARICOPA COUNT( 

CONTRACT FCD 2002C029 

CHANNEL ROWING TYPICAL CROSS-SECTION 
TRILBY WASH 
Section: TW-TS-I0 Date : 9022003 Pg : l of 5 



* ~ o r p  Ca -ambhn-w 

BY - Date - 
Ckd EL Date && 

C / G C ~  TO 

p r .  . ;  . . .  
,p :Statton [ff] . . . . . . . . . . . .  Elemtion [ff] 

I ? . . . .  1396.5 
g 3 456 1393.5 ,I- * / P C  //@A* 

.---........ - . 
4 ; 5!$ ....... 1393 

620 ... . . . . . . . . . . . . .  1392 J- :.~.. - 
.,a ... 

... . . . . . .  - -- - 
........ 1396.5 g 1- '1 682.. 

2 yo0 13q'i 
/vr /h/"i? 

6 6su 1 3 9 Y  

al66 N. 44th 8trwt SnUa 125 
PbwnbLhZ8500&8879 
Tel flYiEnteuusm Fm 8oZz44dbes Mla.?44a947 
E-mail www.sn~nacom 

1392 

WITIhlANN 
AREA DRAINAGE MASTER STUDY UPDATE (ADMSU) 
FLOOD CONTROL D I s m c T  OF tv14RIcoPA c o w  

CONTRACT FCD 2002C029 

1391-1 
O+OO 2+00 4+00 6+00 

130 

\ 

CHANNEL ROUTING TYPICAL CROSS-SECTION 
W I W  WASHES 

Section WI-TS I30 Dare 912212003 Pg 13 of I3 

4 G,,c4, %,//oad ~ ~ H T J , . . ~  

X 
r 

7 660 / 3 9 c  



a 
*-em--*- 

BY - Date 
Ckd Date m4 

1512 

1511 

1510 

1509 

1508- 

1507 

\ 

15061 
O+OO 2400 4400 6+00 8400 

120 

f i ~  (S TI-, / 

\ 

2245 N. 44th Street 8afte 125 
P b o e n i z M ~  

gEntellusm g02Ul?bBB a%?4&3947 
E m d  wwwmtelluacom 

1 

I 

WmMANN 

FLOOD CONTROL DISTRICT OF MAR~COPA COW 
AREA DRAINAGE MASTER STUDY UPDATE (ADMSU) 

CONTRACT FCD 2002C029 

CHANNEL ROUTING TYPICAL CROSS-SECTION 
WITTMANN WASHES 

%chon W-TS-I20 Date 9/22/2003 Pg 12 of 13 





a 
*'.='a*- W\x-raa -w-- 

BY:- Date : 
Ckd : Dare : =@- 

-fl-vh/'.r ~fLA06 

- ,pyafvr .rtG./.;fl 

- - .. . . 

.:. ,. ,, , 
. . .  . 

110,l 

//ocs 20 / 
!%sN.44tJlEltrwt (Itritem 
Phocmtx. A2 860081)819 

@(iEntausm 6wBu2MiB 6o!aa4m47 
&man m.enwaom 

~ 

L'mMwN 
AREA DRAINAGE MASTER STUDY UPDATE (ADMSU) 
i=u)oD CONTROL D~sTRlcT OF i-~imcoPA c o U M Y  

CONTRACT FCD 2002C029 

CHANNEL ROUTING TYPICAL CROSS-SEC~ON 
w I m  WASHES 

Section : WI-TS-110.1 Date : 912212003 Pg : 11 of 13 



BY:- Dare : 
~ k d  : a h a t e  :ma 

- f f7h+q 

00 

100 

</G rs t i 5  I 
2266 N. 44th 8trset Suite 125 
Pbwmbr A2 86W.8279 

%nteuusN 6wx4m6 6083418947 
B m d  rn.enteUuc.com 

WnTMANN 
AREA DRAINAGE MASTER STUDY UPDATE (ADMSU) 
FLOOD CONTROL DISTRlCT OF MARlCOPA C O U N n  

CONTRACT FCD 2002C029 

CHANNEL ROUTING TYF'lCAL CROSS-SECTION 
WIlTMANh' WASHES 
Section : WI-TS-100 Date : 9D22003 Pg : 9 of 13 





h-oop I J.cbn-*nd., 
6 8 

BY:- 
Ckd : - Date "Ie : :-& 

.,, ,.,, ,,. 
. . . . . . , . . 

9 0,2 
. . 

~ l ~ c r  ?b 1 
8a56N.UthStrwt -185 
Phoemir AZ 86oORWKl 

#Entellus* z 6o!uum6 602244.6947 
%man www.entsnnamm 

W A N N  
AREA DRAINAGE MASER STUDY UPDATE (ADMSU) 
FLOOD CONTROL DISTRICT OF MARlCOPA COUNTY 

CONTRACT FCD 2002C029 

CHANNEL ROUTING TYPICAL CROSS-SECTION 
W1TTMAM.I WASHES 
Section : WI-TS-90.2 Date : 9020003 Pg : 7 of 13 



a a 
*wawo\n-Wcy--"-m 

BY:- Date : - 
Ckd : 07L Date :*& 

i 

50 

~ ( 6 4 5  23 L I 
4266 N. 44th Street Wte 
PhoenbrM8W0118819 
Tel #Entelluq Fm BOZSUeS86 602244.6917 
%mail www.enWu.acom 

-... ~ 

WmUANN 
AREA DRAINAGE MASTER STUDY UPDATE (ADMSU) 
FLOOD CONTROL DISTRICT OF MARICOPA comn 

CONTRACT FCD 2002CO29 

CHANNEL ROUTING ~ P I C A L  CROSS-SECTION 
WITTMANN WASHES 
Section : WI-TSJO Date : 9/22/2003 Pg : 5 of I3  





*wwlavlms \Key-- a.-.,j,w-llh 

BY:- Date : - 
Ckd : Date : w* 

p\o.....~ 
I Station [R] Elemtion [R] 

,. : .  

10 

( l ~ j r  TO / 
e255 N. 44th 8traet 8rrits 125 
PhocmbL M 86oa%.S¶Q 

604aU8SB8 GEnteuugm 8 0 9 4 7  
Bman m.rmtanRaEOrn 

..- ~ 

WnTMANN 
AREA DRAhAGE MASTER S m Y  UPDATE (ADMSU) 
m o D  c o m o L  DISTRICT OF M.4RIcopA c o w  

CONTRACT FCD 2002C029 

CHANNEL ROUTING TYPICAL CROSS-SECTION 
wIlTMANN WASHES 
Section : WI-TS-10 Date : 912212003 Pg : l of 13 



Central Region 
Typical Sections 



* ' x Q w w t ~ - r t a  

BY:- Date : - 
I 

Ckd :a Date : 
. I I ? <  : P4* 

.. . .  

+++ 
!Station - ... [ft] . . . . .  l~levation [ft] 

I I 0 - 17.08 .. .. ..... 
2: 147 

* - ........ 1704 
,--- A-, . . .  I ,  . 

-. .- 

3 ....... 7 i4  1700 ( t~  - ~ a / ~  h7) 
: . -06-53 . 

1073 
........ i700 (fl-vah d f i + / e / l )  

7: 1087 . . . . .  1704 
: 1417 81 ....... 1708 

'I 8qo 1646 

5 930 1696 

40,l ~ ' 

'8 Pbr 10.. z 
2266 N. 44th 8trwt W ~ B  I25 
P h o e a b r A Z w  

GEnteAsm L ma4.8941 m244aM 
: Bmaa Kna.en t8u~  

WITTMANN 

m o D  CONTROL DiSTRIcT OF MARlcoPA coUNn 
AREA DRAINAGE MASTER STUDY UPDATE (ADMSU) 

CONTRACT FCD 2002C029 

CHANNEL ROUTING TYPICAL CROSS-SECTION 
IONA WASH 
Section : IW-TS-40.1 Date : 9D2D003 Pg : 7 of 9 





BY:& Date:@ 
Ckd : Date : 

I 

I$ 3 
a865 N. 44th street Wte 186 
PhPenib AZ 85008.8279 
Tel flEntellusm , 6 0 ~  60!&244.8947 
E-mail wna.entellm.com 

WITTMANN 
AREA DRAINAGE MASTER STUDY UPDATE (ADMSU) 
FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 

CONTRACT FCD 2002C029 

CHANNEL ROUTWG TYPICAL CROSS-SECTION 
TSR371 

Date 311 712003 



Station(ft) Elevation(ft) 
: h t e @  
Ckd :&& Date: 

0 1788 

ilw zr3 -L 
!as6 N. 44th 8treet suite 125 
phoenir. AX  soo om 
Tel g(jEntdusm Fax MMd112566 602PU.8947 
Email nra.entelluacom 

..... 

WITIUANN 

CONTRACT FCD 2002C029 

AREA DRAINAGE MASTER STUDY UPDATE (ADMSU) 
FLOOD CONTROL DISTRICT OF MARICOPA C O W  

CHANNEL ROUTING n P l c . 4 1  CROSS-SECTION 
TSR375 

Date . 311 712003 



[['<5 f g  1 
2856 N. 44th Street Suite I25 
F'hmnit A2 mm 
Tel 

@EntelhSm F= Email 60224426% www.ente~ol~eorn 
602aL1.8947 

-.. 

WITTMANN 

CONTRACT FCD 2002C029 

AREA DRAINAGE MASTER STUDY UPDATE (ADMSU) 
FLOOD CONTROL DISTRICT OF MARICOPA COUNn 

CHANNEL ROUTING TYPICAL CROSS-SECTION 
TSR482 

Dare 311 712003 



Ckd: a Date 

Stat ion(~- ' :%~~v~uon(ft )  - . .. .- . Fa ..... - ........ 1578 
! 22 - .  1572 - -@ /M /&b#~ . . . . . . . .  

-,,-ub/L4 J-hh;fl 

..-- . . . . .  

Cbc< 30 2. 
2856 N. 44th Street Suite l25 
- A z 8 W W U ) 2 7 9  
Tel flEntellusm pu 60PW13568 €42244.8947 
&man rramtellwurm 

WITIUANN 

FLQOD CONTROL DISTRICT OF MARICOPA C O U N ~  
AREA DRAINAGE MASTER STUDY UPDATE (ADMSU) 

CONTRACT FCD 2002C029 
. 

CHANNEL ROUTING TYPICAL CROSS-SECnON 
TSR264A 

Date 3/17/2003 



BY :& Dare:@ 
~ k d : E  Dare: 

L/c.ts ZD 1 
I -.. - 

..I \ ..I..L' 
YPICAL CROSS-SECTION 

I TSR478 
- 

8856 N. 44th Street a t e  186 
Phoenix AZ 8500&8279 
Tel #Entellusm R. 6018U3566 602244.8947 
Email w w w m t s U ~  

WITTMANN 
AREA DRAINAGE MASTER STJDY UPDATF (AnMei n I LHANNEL ROUTING T 

FLOOD CONTROL DISTRICT OF MARICOPA C o r n  
CONTRACT FCD 2002C029 I Uate 311712003 



B~:L Date:#$ 
Station(ft) Elevation(ft) ckd : Date : 

0 1552 

/I&<< IL' 1 
2246 N. 44th Stmet Suite 126 
Phoenix. AZ 8600(18279 
Tel #Entell~s~ R. 6023112566 80!4.2448947 
Email wwwmtelluaeorn - - . - - . . 

WIlTMANN 

FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 
AREA DRAINAGE MASTER STUDY UPDATE (ADMSU) 

CONTRACT FCD 2002C029 

CHANNEL ROUTING TYPICAL CROSS-SECTION 
TSR429 

Date 311712003 



C I ~ C S  51/ 1 
a855 N. 44th Street Suite 125 
Phoenix. A2 85008am 

dEntdusm ?: 601a~2~fi 602au.a~ 
' &mail nnw.enteUttaeom 

WITIUANN 
AREA DRAINAGE MASTER STUDY UPDATE (ADMSU) 
FLOOD CONTROL DISTRICT OF MAIUCOPA C O U N ~  

CONTRACT FCD 2002C029 

CHANNEL ROUTING TYPICAL CROSS-SECTION 
T S R Z ~ ~  

Date 311712003 



cloli 9 C 1 
a 6 6  N. 44th Street Suite IaS 
Phmnix. A2 85000279 

flViEntenusm 2 6ou4w66  60w.8947 
Email www.entellnacom 

WTTMANN 

CONTRACT FcD 2002C029 

ARfA DRAINAGE MASTER STIDY UPDATE (ADMSU) 
FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 

. 

CHANNEL ROUTING TYPICAL CROSS-SECTION 

Date 311 712003 
TSR408 



r w - -  

BY - Date - 
Ckd a Date 

ClW5 J1; 2 
P?SS N. 44th 8treet &lit0 l!26 
Photmlz AZ 86- 
Tel @ E n t d l ~ ~ ~  Fm 6MBUeS66 602244.8947 

, E-mail nn.entsllnareom 
3 

A 

m A N N  

FLOOD CONTROL DISTRICT OF MARICOPA C O W  
AREA DRAINAGE MASTER STUDY UPDATE (ADMSU) 

CONTRACT FCD 2002C029 

CHANNEL ROUTING TYPICAL CROSS-SECTTON 
IONA WASH 
Section IW-TSJO Date 912212003 Pg 9 o f 9  



By : - Date : 

Ckd := Date : * 
Station [R] Elevat~on [R] 

0 1560 
699 1556 
1005 1554 - 3  
1035 1550 
1093 1554 
1320 1555 - 6  
1673 1556 
1838 1560 

C~L,S 20 1 
1156 N. 44th Elfmet Wta l?4 
Phoenix. AZ 85- 

E(jEntefiusm E 6oaaUsm wm7 
E-md arra.entsllmcom 

z 

WnTMANN 
AREA DRAINAGE MASTER STUDY UPDATE (ADMSU) 
m o D  c o m L  DWiXIcT OF M.4RIcoPA coUNn 

CONTRACT FCD 2002C029 

CHANNEL ROUTING TYPICAL CROSS-SECTION 
IoNA WASH 
Section : IW-TS-40.2 Date : 912212003 Pg : 8 of 9 



8 
*-cn=WW---nq 

BY - Date 
Ckd &L Date 

- C/L(S 2- 
Z?& N. 44th StmOt &ikl I26 
~ A Z ~  

%flteuu~~ z 6o!u44dSWi 6o!u44m7 
, E-mail wwwmntsllacom 

/ 

wIllMAm 
AREA DRAINAGE MASTER ST!JDY UPDATE (ADMSU) 
RMlD CONTRDLDISTRlCT OF MARlCOPA COUNTY 

CONTRACT FCD 2002C029 

CHANNEL ROUTING TYPICAL CROSS-SECTION 
IONA WASH 
Secnon IW-TS-30 2 Date 9/22/2003 Pg 6 of9 



kv=vwl---nq 

BY - Dare - 
Ckd m ~ a t e  a d  

/161< 2-0 
8265 N. 44th Lltrwt Suite lz.26 
~ A Z ~  
Tel @EnteUusm *= 6088112668 W . 8 9 4 7  
Email wwwmtell- .- - 

wlllMuW 

F m D  c o m L  DIsTNcT OF MARlcoPA coUNn 
AREA DRAINAGE MASTER STUDY UPDATE (ADMSU) 

CONTRACT FCD 2002C029 

CHAHNEL ROUTING TYPICAL CROSS-SECTION 
IoNA WASH 
S m o n  IW-TS-20 2 Date 912212003 Pg 4 of 9 



8 
*w'mw-m--nh 

8 

BY - Date - 
Ckd & Date a 4  

r J L ( 5  TI.: 2 
2256 N. 44th Strwt 5 a b  1%5 
Phwnbr AZ 86- 

#Entellusm E m.244m 602244.6947 
E-mail www.entellwmm 

wllmuNN 
AREA DRAINAGE MASTER S m Y  UPDATE (ADMSQ 
n o o D  CONTROL D ~ s l N c T  OF td.4RlcoPA c o w  

CONTRACT FCD 2002C029 

CHANNEL ROUTING TYPICAL CROSS-SECTION 
sm VALLEY WASHES 

Secoon SV-TS-50 2 Date 99/2D003 Pg 7 of 7 



4 xu 2 
2256 N. 44th Street fhth 185 
l'bwix. AZ 850WL8819 

E(jEntellusm E m w m  am44.8947 
BmSn www.entoUeom 

WITIUANN 
AREA DRAWAGE MASTER STUDY UPDATE (ADMSU) 
m D  CONTROL DISTRICT OF MARlcoPA c o w  

CONTRACT FCD 2002C029 

CHANNEL ROUTING TYPICAL CROSS-SECTION 
SUN VALLEY WASHES 

Secuon SV-TS-SO I Dare 9122I2003 Pg 6 of 7 



*\soyloyl-=---Asf-nh 

By - 
Ckd Dare w 

f f 0 { 5  LC ? 
2266 N. 44th Btrset ((lltts ES 
Pbwmir A2 85- 

E(jEntellusm 1 802244aW 6 0 W 9 4 7  
E-mail nnr.cmtellaeom 

WITlUANN 
AREA DRAWAGE MASTER SlWDY UPDATE (ADMSU) 
FLQOD CONTROLDISTRICT OF MARICOPA C O W  

CONTRACT FCD 2002C029 

CHANNEL ROUTMG TYPICAL CROSS-SECTION 
SUN VALLEY WASHES 
%chon SV-TS-10 Date 912212003 Pg 5 of7  





wW-- -nh 

:id ;: @&I.- 

T L s r  T O  2 
8286 N. 44th atre'& Mte ]a6 WlTlMANN 
Phoenir AZ.9scmmO AREA D W A G E  MASTER STUDY UPDATE (ADMSU) 

CHANNEL ROUTING TYPICAL CROSS-SECTION 

@Entellusm g eowm R O O D  CONTROL DISTRICT OF MARICOPA COW 
SUN VALLEY WASHES 

BOBBUS347 CONTRACT FCD 2002C029 
Secuon SV-TS-20 2 Date 912212003 Pg 3 of 7 

. BmSn www.sntaUu&eom 



Imx-Sdb e.mww-* 

BY:- Date : - 
Ckd : - Date : g&&+ 

.............. . . . .  
fll"iStatlon [ft] .. ; Elemt~on [ft] 

..~ . .  
I I 0 1 1498 

!. . . .  ~ . . . .  

$ 7 $ q L  -- 240 ~ . . . . . .  1496 ~ 

i i--- +- - .- -. ....... 
i -,A" 

C - - Z  fS9f 
5 i 251 . 1492 

,-.- ....... ~ . . . . .  
4 5 2  

. .~. 
4 I ----256 

... : . . .  ;r ...... 
- f i  va/rr A&** --- -~ - 

7r L 425 1498 
;. - . . . .  

2 ( 2 6  1447 
3 200 1q46.g - n PA/L .~  f/ki/d* 

8 450 ( 9 9 8  

!," X- 1498 

1497 

1496 

,. . ,  .> , , .  ., , O+OO 2;003 

1495- 

1494 

1493 

1492, 
4COO 

u 

. . . . . . .  

'20,l 

C!*(( $ ), 
BaWN.Mthstrc!4t mb185 

', B 
WITlUANN 

Phnix. AZ 8Sowuum) AREA DRAINAGE MASER STUDY UPDAE (ADMSU) 
CHANNEL ROUTMG TYPICAL CROSS-SECTION 

#Entellus* I 80- w!m4ag47 FLQOD c o m L  DISTRICT OF ivUiUcoPA c o w  sm VALLEY WASHES 

CONIXACT FCD 2002C029 
Section : SV-TS-20.1 Date : 912212003 Pg : 2 of 7 

&man wwwdnt9ll~eom 



.... p---..-....-.... 

E n  [ft] !Elemtion ......... [ft] 

- ~- k--- . . . . . . . . . . . . . . . . .  

I 500 
L- ........ 

1541 
1 525 c.. .............. ' '1542 

l k j 5  zt; 2 
TIW N. 44th Strset Suit9 135 
Phoenix. AZ 86OO&W79 

BEnteuusm E ~1aa44.z~ eoa.wm41 
&mail www.ontennaeom 

WlTTMANN 
AREA DRAWAGE MASTER STUDY UPDATE (ADMSU) 
FLOOD CONTROL DISTRICT OF MARICOPA COUNT!' 

CONTRACT FCD 2002C029 

CHANNEL ROUTING TYPICAL CROSS-SECTION 
SUN VALLEY WASHES 
Secuon SV-TS-I0 Date 9i22l2003 Pg i o f7  



C 1 4 (  ( J-j, -. 2 
2155 N. 44th Street hh 185 
Phoeniz AZ a600&8879 

9Entausm t 6042um 6 o w 4 7  
E-mail www.enbUaeom 

wmMAm 
AREA DRAINAGE MASTER STUDY UPDATE (ADMSU) 
F u I o D  C O W L  D r s m T  OF hiARIcoPA c o w  

CONTRACT FCD 2002C029 

CHANNEL ROUTING TYPICAL CROSS-SECTION 
'EXBY WASH 
Sechon TW-TSJO Date 912212003 Pg 5 of5  



ZZS6 N. 4 t h  S t m t  l% 
-M- - mrntrl lormm 

WlTlUANN 
AREA DRAINAGE MASlZR STUDY UPDATE (ADMSU) 
FLOOD CONTROL DISl?UM;T OF MAIUCOPA COUNIY 

~ C T F C D U ) 0 2 C 0 2 9  

CAANNEL R O r n G  TYPICAL CRo'sSaXmm 
T i -  TJ-L/d 

Date : 4RORW 



BY:- Date : ___ 
Ckd : & H a t e  : 

Elemtion [ft] 
1580 
1575 
1573 - p  -yplwf 

1568 j+f,.n 

i 572 
. . 
1575 -n-L*ld 
1 577 5h.i.i.r 

1580 

f to? 
2266 N. 44th Strest S&a l26 
r ' h l l k A Z m  
Te1 #EntellusP 60.22442566 60.22448947 
E-mail www.enteUacom 

-. 

wflnvww 
AREA D W A G E  MASTER STUDY UPDATE (ADMSU) 
FLOOD CONTROL CONTRACT DISTRICT FCD OF 2002C029 MARJCOPA C O U N ~  

CHANNEL ROUTING TYPICAL CROSS-SECTION 

Seet~on TW-TSJO Date 912212003 Pg 3 of5 
TRILBY WASH 



BY:- 
Ckd:C?i?i :::Iw4 

station In] Elemtion [n] 
0 1465.5 

216 1463 
426 1462 - / - v A / ~  
525 1456 J&i,,n 
583 1462 
771 1463 - n - m / Y ~  
11e4 
1444 

1464 544,;~ 
1465 

f f i , . l s  t . D  2 
aaSSN.44thBtrset &it9125 
PhoenbL AZ 8b- 

#Entell$ E 6cmu.2m BOILaUI#47 
&mail waw.entsllmeom 

vimMAm 

c o m c T  FcD 2oozcoz9 

AREA DRAINAGE MASTER STUDY UPDATE (ADMSU) 
FLOOD CONTROL DISTRlCT OF MARlCOPA COUNTY 

CHANNEL R O m G  TYPICAL CROSS-SECTION 

Section m-Ts-30 Date 9nmoo3  Pg 3 of 13 
W I W  WASHES 







South Region Typical 
Sections 





(!,<: J+L3 
2266 N. 44th (Ltrwt 8- l% 
P h o d x  M 8WMMM19 

~Entdhsm t BOaaU2566 60!&!44.8$47 
Bmatl m.ent8Unn.com 

WnTMANN 

FLOOD CONTROL DISTRICT OF MARICOPA COUNR 
AREA DRAWAGE MASTER STUDY UPDATE (ADMSU) 

CONTRACT FCD 2002C029 

CHANNEL ROUTING TYPICAL CROSS-SECTION 
WHITE TANK WASHES 
Section WT-TS-20 2 Date 912212003 Pg 4 of4  



Station[tt] ~ l e m t i o i  -~ ...... . [fl] . 
0 1394 

- f i - M / u e  sh4;n 

, ,, . , , -, . . . .  



By :& Date :@ 
~ k d : &  Date: 

T , i q i i ; l  
2265 N. 44th Street Suite 126 
Phoentr. AZ 8W08am 
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D.3.3 NSTEP Check Data: 100-yr 24-hr Existing Conditions 
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Appendix D.3 

BY DATE 

CHECK DATE 

CLIENT: FCDMC JOB NO. 310.032 

JOB: Wittmann Area Drainaae Master Studv Update 

Storm: 100-vr. 24-hr Existina Conditions Route N-Step vs Velocity 

+Time lapse less than time step of 5 minutes, so 1 time step was assumed for HEC-1 Velocity Calculation 
** Modified Typical X-Section 
x Modified Time To Peak Used 
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Appendix D.3 

BY DATE 

CHECK DATE 

CLIENT: FCDMC JOB NO. 310.032 

JOB: Wittmann Area Drainaqe Master Study Update 

+Time lapse less than time step of 5 minutes, so 1 time step was assumed for HEC-1 Velocity Calculation 
** Modified Typical X-Section 
x Modified Time To Peak Used 



Appendix D.3 

BY DATE 

CHECK DATE 

CLIENT: FCDMC JOB NO. 310.032 

JOB: Wittmann Area Drainaae Master Studv UtJdate 

Storm: 100-w. 24-hr Existinq Conditions Route NStep vs Velocity 

+ Time lapse less than time step of 5 minutes, so 1 time step was assumed for HEC-1 Velocity Calculation 
'* Modified Typical X-Section 
x Modified Time To Peak Used 



CLIENT: FCDMC JOB NO. 310.032 

JOB: Wittmann Area Drainaae Master Studv UDdate 

+Time lapse less than time step of 5 minutes, so 1 time step was assumed for HEC-1 Velocity Calculation 
** Modified Typical X-Section 
x Modified Time To Peak Used 
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Appendix D.3 

BY DATE 

CHECK DATE 

CLIENT: FCDMC JOB NO. 310.032 

JOB: Wittmann Area Drainaqe Master Studv U~date 

+ Time lapse less than time step of 5 minutes, so 1 time step was assumed for HEC-1 Velocity Calculation 
** Modified Typical X-Section 
x Modified Time To Peak Used 



page s ot I I 
Appendix D.3 

BY DATE 

CHECK DATE 

CLIENT: FCDMC JOB NO. 310.032 

JOB: Wittmann Area Drainage Master Studv U~date  

+ Time lapse less than time step of 5 minutes, so 1 time step was assumed for HEC-1 Velocity Calculation 
"* Modified Typical X-Section 
x Modified Time To Peak Used 
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Appendix D.3 

BY DATE 

CHECK DATE 

CLIENT: FCDMC JOB NO. 310.032 

JOB: Wittmann Area Drainage Master Study Uodate 

+ Time lapse less than time step of 5 minutes, so 1 time step was assumed for HEC-1 Velocity Calculation 
** Modified Typical X-Section 
x Modified Time To Peak Used 



Appendix D.3 

BY DATE 

CHECK DATE 

CLIENT: FCDMC JOB NO. 310.032 

JOB: Wittmann Area Drainaqe Master Study Uodate 

Storm: 100-vr. 24-hr Existinq Conditions Route N-Step vs Velocity 

+Time lapse less than time step of 5 minutes, so 1 time step was assumed for HEC-1 Velocity Calculation 
** Modified Typical X-Section 
x Modified Time To Peak Used 
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Appendix D.3 

BY DATE 

CHECK DATE 

CLIENT: FCDMC JOB NO. 310.032 

JOB: Wittmann Area Drainaqe Master Studv Update 

Storm: 100-vr. 24-hr Existina Conditions Route N-Step vs Velocity 

+ Time lapse less than time step of 5 minutes, so 1 time step was assumed for HEC-1 Velocity Calculation 
** Modified Typical X-Section 
x Modified Time To Peak Used 
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Appendix D.3 

BY DATE 

CHECK DATE 

CLIENT: FCDMC JOB NO. 310.032 

JOB: Wittmann Area Drainaqe Master Studv U~date 

+ Time lapse less than time step of 5 minutes, so 1 time step was assumed for HEC-1 Velocity Calculation 
*' Modified Typical X-Section 
x Modified Time To Peak Used 
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Appendix D.3 

BY DATE 

CHECK DATE 

CLIENT: FCDMC JOB NO. 310.032 

JOB: Wittmann Area Drainage Master Studv U~date 

Storm: 100-vr, 24-hr Existing Conditions Route NStep vs Velocity 

+Time lapse less than time step of 5 minutes, so 1 time step was assumed for HEC-1 Velocity Calculation 
** Modified Typical X-Section 
x Modified Time To Peak Used 



D.3.4 NSTEP Check Data: 100-yr 6-hr Existing Conditions 
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Appendix D.3 

BY DATE 

CHECK DATE 
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Appendix D.3 

BY DATE 

CHECK DATE 

CLIENT: FCDMC JOB NO. 310.032 

JOB: Wittmann Area Drainaqe Master Study Update 

Storm: 100-vr. 6-hr Existinq Conditions Route N-Step vs Velocity 

+Time lapse less than time step of 5 minutes, so 1 time step was assumed for HEC-I Velocity Calculation 
** Modified Typical X-Section 
x Modified Time To Peak Used 
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Appendix D.3 

BY DATE 

CHECK DATE 

CLIENT: FCDMC JOB NO. 310.032 

JOB: Wittmann Area Drainaqe Master Study U~date  

Storm: 100-yr. 6-hr Existinq Conditions Route NStep vs Velocity 

+ Time lapse less than time step of 5 minutes, so 1 time step was assumed for HEC-1 Velocity Calculation 
** Modified Typical X-Section 
x Modified Time To Peak Used 
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Appendix D.3 

BY DATE 

CHECK DATE 

+Time lapse less than time step of 5 minutes, so 1 time step was assumed for HEC-1 Velocity Calculation 
*' Modified Typical X-Section 
x Modified Time To Peak Used 
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Appendix D.3 

BY DATE 

CHECK DATE 

CLIENT: FCDMC JOB NO. 310.032 

JOB: Wittrnann Area Drainaqe Master Study U~date  

Storm: 100-vr. 6-hr Existinq Conditions Route N-Step vs Velocity 

+ Time lapse less than time step of 5 minutes, so 1 time step was assumed for HEC-1 Velocity Calculation 
** Modified Typical X-Section 
x Modified Time To Peak Used 
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Appendix D.3 

BY DATE 

CHECK DATE 

+ Time lapse less than time step of 5 minutes, so 1 time step was assumed for HEC-1 Velocity Calculation 
** Modified Typical X-Section 
x Modified Time To Peak Used 
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Appendix D.3 

BY DATE 

CHECK DATE 

CLIENT: FCDMC JOB NO. 310.032 

JOB: Wittmann Area Drainaqe Master Study Update 

Storm: 100-vr, 6-hr Existinq Conditions Route N-Step vs Velocity 

+Time lapse less than time step of 5 minutes, so 1 time step was assumed for HEC-1 Velocity Calculation 
** Modified Typical X-Section 
x Modified Time To Peak Used 
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Appendix D.3 

BY DATE 

CHECK DATE 

+Time lapse less than time step of 5 minutes, so 1 time step was assumed for HEC-1 Velocity Calculation 
** Modified Typical X-Section 
x Modified Time To Peak Used 
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Appendix D.3 

BY DATE 

CHECK DATE 

+ Time lapse less than time step of 5 minutes, so 1 time step was assumed for HEC-1 Velocity Calculation 
** Modified Typical X-Section 
x Modified Time To Peak Used 



Appendix D.3 

BY DATE 

CHECK DATE 

+Time lapse less than time step of 5 minutes, so 1 time step was assumed for HEC-I Velocity Calculation 
** Modified Typical X-Section 
x Modified Time To Peak Used 
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Appendix D.3 

BY DATE 

CHECK DATE 

CLIENT: FCDMC JOB NO. 310.032 

JOB: Wittmann Area Drainaae Master Study Update 

+ Time lapse less than time step of 5 minutes, so 1 time step was assumed for HEC-1 Velocity Calculation 
** Modified Typical X-Section 
x Modified Time To Peak Used 



D.3.5 NSTEP Check Data: 100-yr 24-hr Future Conditions 
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Appendix D.3 

BY DATE 

CHECK DATE 

CLIENT: FCDMC JOB NO. 310.032 

JOB: Wittmann Area Drainaqe Master Studv Uodate 

+Time lapse less than time step of 5 minutes, so 1 time step was assumed for HEC-1 Velocity Calculation 
*' Modified Typical X-Section 
x Modified Time To Peak Used 



Appendix D.3 

BY DATE 

CHECK DATE 

CLIENT: FCDMC JOB NO. 310.032 

JOB: Wittmann Area Drainaqe Master Study Update 

Storm: 100-vr. 24-hr Future Conditions Route N-Step vs Velocity 

+ Time lapse less than time step of 5 minutes, so 1 time step was assumed for HEC-1 Velocity Calculation 
** Modified Typical X-Section 
x Modified Time To Peak Used 
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Appendix D.3 

BY DATE 

CHECK DATE 

CLIENT: FCDMC JOB NO. 310.032 

JOB: Wittmann Area Drainaqe Master Studv U~date 

Storm: 100-vr. 24-hr Future Conditions Route N-Step vs Velocity 

+Time lapse less than time step of 5 minutes, so 1 time step was assumed for HEC-1 Velocity Calculation 
** Modified Typical X-Section 
x Modified Time To Peak Used 
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Appendix D.3 

BY DATE 

CHECK DATE 

CLIENT: FCDMC JOB NO. 310.032 

JOB: Wittmann Area Dralnase Master Study Update 

Storm: 100-vr. 24-hr Future Conditions Route NStep vs Velocity 

+Time lapse less than time step of 5 minutes, so 1 time step was assumed for HEC-I Velocity Calculation 
** Modified Typical X-Section 
x Modified Time To Peak Used 
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Appendix D.3 

BY DATE 

CHECK DATE 

CLIENT: FCDMC JOB NO. 310.032 

JOB: Wittmann Area Drainaqe Master Studv U~date 

+ Time lapse less than time step of 5 minutes, so 1 time step was assumed for HEC-1 Velocity Calculation 
** Modified Typical X-Section 
x Modified Time To Peak Used 
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Appendix D.3 

BY DATE 

CHECK DATE 

CLIENT: FCDMC JOB NO. 310.032 

JOB: Wittmann Area Drainaae Master Studv U~date 

Storm: 100-vr, 24-hr Future Conditions Route NStep vs Velocity 

+Time lapse less than time step of 5 minutes, so 1 time step was assumed for HEC-1 Velocity Calculation 
** Modified Typical X-Section 
x Modified Time To Peak Used 
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Appendix D.3 

BY DATE 

CHECK DATE 

CLIENT: FCDMC JOB NO. 310.032 

JOB: Wittmann Area Drainaae Master Study Update 

+ Time lapse less than time step of 5 minutes, so 1 time step was assumed for HEC-1 Velocity Calculation 
** Modified Typical X-Section 
x Modified Time To Peak Used 
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Appendix D.3 

BY DATE 

CHECK DATE 

+Time lapse less than time step of 5 minutes, so 1 time step was assumed for HEC-1 Velocity Calculation 
** Modified Typical X-Section 
x Modified Time To Peak Used 



Appendix D.3 

BY DATE 

CHECK DATE 

CLIENT: FCDMC JOB NO. 310.032 

JOB: Wittmann Area Drainaqe Master Study Update 

Storm: 100-yr. 24-hr Future Conditions Route NStep vs Velocity 

+Time lapse less than time step of 5 minutes, so 1 time step was assumed for HEC-1 Velocity Calculation 
** Modified Typical X-Section 
x Modified Time To Peak Used 



Page 10 of 11 

Appendix D.3 

BY DATE 

CHECK DATE 

CLIENT: FCDMC JOB NO. 310.032 

JOB: Wittmann Area Drainase Master Studv U~date 

Storm: 100-w. 24-hr Future Conditions Route N-Step vs Velocity 

+Time lapse less than time step of 5 minutes, so 1 time step was assumed for HEC-1 Velocity Calculation 
** Modified Typical X-Section 
x Modified Time To Peak Used 



Appendix D.3 

BY DATE 

CHECK DATE 

CLIENT: FCDMC JOB NO. 310.032 

JOB: Wittmann Area Drainaae Master Studv Uodate 

Storm: 100-vr. 24-hr Future Conditions Route N-Step vs Velocity 

a 
Page 11 of 11 

+Time lapse less than time step of 5 minutes, so 1 time step was assumed for HEC-I Velocity Calculation 
** Modified Typical X-Section 
x Modified Time To Peak Used 



D.3.6 NSTEP Check Data: 100-yr 6-hr Future Conditions 



Appendix D.3 

BY DATE 

CHECK DATE 

+Time lapse less than time step of 5 minutes, so 1 time step was assumed for HEC-1 Velocity Calculation 
** Modified Typical X-Section 
x Modified Time To Peak Used 
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Appendix D.3 

BY DATE 

CHECK DATE 

CLIENT: FCDMC JOB NO. 310.032 

JOB: Wittmann Area Drainaae Master Study U~date  

Storm: 100-vr, 6-hr Future Conditions Route N-Step vs Velocity 

+Time lapse less than time step of 5 minutes, so 1 time step was assumed for HEC-1 Velocity Calculation 
** Modified Typical X-Section 
x Modified Time To Peak Used 
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Appendix D.3 

BY DATE 

CHECK DATE 

CLIENT: FCDMC JOB NO. 310.032 

JOB: Wittmann Area Drainaae Master Study Update 

Storm: 100-vr, 6-hr Future Conditions Route N-Step vs Velocity 

+Time lapse less than time step of 5 minutes, so 1 time step was assumed for HEC-1 Velocity Calculation 
** Modified Typical X-Section 
x Modified Time To Peak Used 
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Appendix D.3 

BY DATE 

CHECK DATE 

+Time lapse less than time step of 5 minutes, so 1 time step was assumed for HEC-I Velocity Calculation 
** Modified Typical X-Section 
x Modified Time To Peak Used 



Appendix D.3 

BY DATE 

CHECK DATE 

+ Time lapse less than time step of 5 minutes, so 1 time step was assumed for HEC-1 Velocity Calculation 
** Modified Typical X-Section 
x Modified Time To Peak Used 
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Appendix D.3 

BY DATE 

CHECK DATE 

CLIENT: FCDMC JOB NO. 310.032 

JOB: Wittmann Area Drainaqe Master Studv U~date  

Storm: 100-vr, 6-hr Future Conditions Route N-Step vs Velocity 

+Time lapse less than time step of 5 minutes, so 1 time step was assumed for HEC-1 Velocity Calculation 
** Modified Typical X-Section 
x Modified Time To Peak Used 
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Appendix D.3 

BY DATE 

CHECK DATE 

CLIENT: FCDMC JOB NO. 310.032 

JOB: Wittmann Area Drainaqe Master Study Update 

Storm: 100-vr, 6-hr Future Conditions Route N-Step vs Velocity 

+ Time lapse less than time step of 5 minutes, so 1 time step was assumed for HEC-1 Velocity Calculation 
** Modified Typical X-Section 
x Modified Time To Peak Used 
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Appendix D.3 

BY DATE 

CHECK DATE 

+ Time lapse less than time step of 5 minutes, so 1 time step was assumed for HEC-1 Velocity Calculation 
** Modified Typical X-Section 
x Modified Time To Peak Used 
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Appendix D.3 

BY DATE 

CHECK DATE 

+Time lapse less than time step of 5 minutes, so 1 time step was assumed for HEC-1 Velocity Calculation 
** Modified Typical X-Section 
x Modified Time To Peak Used 
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Appendix D.3 

BY DATE 

CHECK DATE 

+Time lapse less than time step of 5 minutes, so 1 time step was assumed for HEC-1 Velocity Calculation 
** Modified Typical X-Section 
x Modified Time To Peak Used 
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Appendix D.3 

BY DATE 

CHECK DATE 

+Time lapse less than time step of 5 minutes, so 1 time step was assumed for HEC-1 Velocity Calculation 
** Modified Typical X-Section 
x Modified Time To Peak Used 



D.3.7 Routing Input Data Summary 



@,@&Itel 1 us BY DATE 

CLIENT: FCDMC 
CHECK DATE 

JOB NO. 310.032 



BY DATE 



BY DATE 

CHECK DATE 
CLIENT: FCDMC - ~ 

JOB NO. 310.032 
JOB: Wittrnann Area Drainaqe Master Study U ~ d a t e  



BY DATE 

CHECK DATE 
CLIENT: FCDMC 

JOB NO. 310.032 
JOB: Wittmann Area Drainaqe Master Studv Update 



BY DATE 



BY DATE 



BY DATE 



CLIENT: FCDMC 

BY DATE 

CHECK DATE 

JOB NO. 310.032 
JOB: Witlrnann Area Dradnaqe Master Stud\~_Up- 
I I I I I I I I Typical Cross1 





D.4.1. CAP Canal 



APPENDIX D.4.1 

CAP STORAGE ROUTING DATA 

Flow Calculations: 

In calculating the stage discharge at the CAP canal, Federal Highway Administration 
(FHA) nomograph, Chart 1 was utilized for the culverts. Various stages were chosen up 
to and including the berm elevation as determined from the mapping. In addition, 
calculations were made for the potential overtopping of the CAP Canal. The structure 
inverts were taken from the Wittmann ADMP CAP Canal Structure Surveys (Reference 
13) report. The storage areas were computed based upon the contours and the storage 
volumes were estimated using the Conic Method for Reservoir Volumes as described by 
the HEC-1 program (Reference 28). 

The stage discharge relationship was calculated differently for the overchutes. Since 
these wide rectangular overchutes are relatively long, it was assumed that the flow will 
pass through critical depth at some point along the overchute. Based on this assumption 
the Froude number at critical depth is defined as follows: 

BQ2 F y = l = -  
€34: 

where: 
B = Overchute Width 
Q = Flow (cfs) 
g = Gravity (fVs2) 
A, = Cross Sectional Area (ft2) 

This can be rearranged to yield: 

L J 

The iterative process of calculating the flow begins by assuming a critical Y ,  of some 
value, calculating the area (A, = Yc * B) and then solving for the flow. Then a check is 
performed to make sure that the assumed Y,  was correct for the given stage. The velocity 
head is calculated as follows: 

It is assumed that there is no energy loss as the flow crosses the overchute. Based on this, 
the check is simply a conservation of energy equation where the Y ,  is s ecific to the 4 ponding stage. The check becomes: Stage = Invert Elevation + Y, + V /2g. If this stage 
does not match the desired stage, a new value of Yc must be assumed and the process 
repeated. This iterative process was used to compute the critical depths for various stages 
using the Critical Depth1 Energy Calculations spreadsheets that are included in this 
appendix. An example of the energy calculations for CAP 010 has been included as well. 



APPENDIX D.4.1 Page 2 of 42 

For overtopping at the CAP Canal, the weir equation was utilized. 

eWir = C * B * H ~  
where: 

C=Weir Coefficient 
B=Weir Length 
H=Water Depth Over Weir 

A weir coefficient of 2.7 was assumed for all weirs, and the weir length was assumed to 
be the berm length where overtopping would occur. In the situation of overtopping, the 
flow was calculated for culvert flow as well as weir flow, and the total flow was the 
summation of the two. 



APPENDIX D.4.1 

SHEET 3 OF 42 

BY RAS DATE 9/08/2003 

CLIENT: FCDMC CHECK JS DATE 911 212003 

JOB: Wittmann Area Drainacle Master Studv Update JOB NO. 310.032 

Structure: CAP 0 10 
Invert Elevation = 1537.52 
Width (B) = 67' 

Equations: 

Stage = Invert + Y, + 1 
2g 

Storage at 1538: 
Assume Y, = 0.32' 

A = 0.32'*67' = 21.44 ft2 
Q = ((21.44~ * 32.2)/67')In = 68.82 cfs 
~ ' 1 2 ~  = (68.82/21.44)2*(1/(2*32.2)) = 0.16' 
Stage = 1537.52 + 0.32 + 0.16 =1538.0 

Since thefinal stage matches the assumed stage of 1538 the assumed Y, of 0.32' was 
correct. I fa  discrepancy existed another value of Y, would be chosen and the 
calculations would be repeated until the calculated stage matches the assumed stage. 

Storage at 1540: 
Assume Y, = 1.65' 

A = 1.65 * 67' = 110.77 ft2 
Q = ((1 10.77~ * 32.2)167')"~ = 808.25 cfs 
~ ' 1 2 ~  = (808.25/110.77)~*(1/(2*32.2)) = 0.83' 
Stage = 1537.52 + 0.83 + 1.65 =1540.0 

So the assumed Y, of 1.65' was correct for the stage of 1540. 



APPENDIX D.4.1 

SHEET 4a OF 42 

BY RAS DATE 9/08/2003 

CLIENT: FCDMC CHECK JS DATE 9/12/2003 

JOB: Wittmann Area Drainage Master Study Update JOB NO. 310.032 

Structure: CAP 0 10 
Invert Elevation = 1537.52 
Width (B) = 67' 

Storage at 1542: 
Assume Y ,  = 2.99' 

A = 2.99'*67' = 200.1 1 ft2 
Q = ((200.1 l3  * 32.2)/67')It2 = 1962.38 cfs 
v2/2g = (1962.381200.1 1)~*(1/(2*32.2)) = 1.49' 
Stage = 1537.52 + 1.49 + 2.99 = 1542.0 

So the assumed Y, of 2.99' was correct for the stage of 1542. 

Storage at 1546: 
Assume Y, = 5.65' 

A = 5.65'*67' = 378.77 ft2 
Q = ( (37~.77~ * 32.2)/67')It2 = 5110.46 cfs 
v2/2g = (51 10.46/378.77)~*(1/(2*32.2)) = 2.83' 
Stage = 1537.52 + 2.83 + 5.65 = 1546.0 

So the assumed Y, of 5.65 ' was correct for the stage of 1546. 

Storage at 1546.2: 
Assume Y, = 5.79' 

A = 5.79'*67' = 387.65 ft2 
Q = ( (3~7 .65~ * 32.2)/67')In = 5291.15 cfs 
v2/2g = (~291.15/387.65)~*(1/(2*32.2)) = 2.89' 
Stage = 1537.52 + 2.89 + 5.79 + = 1546.2 

So the assumed Y, of 5.79' was correct for the stage of 1546.2. 
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Storage Volume Calculations: 

The storage volume calculations were performed using the Conic Method for Reservoir 
Volumes as described by the HEC-I program (Reference 28). Contours were used to 
first calculate the area at given elevations, 1540, 1542.. . etc, using AutoCAD. Due to the 
nature of the natural landscape there are many depressions and rises along the 
impoundment area of the CAP Canal. These additional areas were included or excluded 
from the storage area as appropriate thus adjusting the storage area. The areas (sq ft) 
were then converted to acres. The Conic Method was then applied to estimate the change 
in storage volume. It was assumed that the contour below the lowest estimated storage 
area elevation was the zero area and zero volume contour. This was necessary to 
calculate the lowest stage storage volume. For example if the lowest contour that would 
pond was 1530, and the mapping was in 2-foot contours, 1528 would be assumed to have 
zero storage area and zero storage volume. Linear interpolations were made for the 
invert elevations and top of berm elevations since contours were not available at most of 
those specific elevations. To estimate the top of berm storage area and volume, one 
contour higher than the berm was calculated (area and volume) assuming that the canal 
was the boundary of the contour and linear interpolation was again used. Details of these 
calculations can be found in the following table. 



APPENDIX D.4 

SHEET 5 OF 42 

BY RAS DATE 19-Apr-04 

CLIENT: FCDMC CHECK JS DATE 19-Apr-04 

JOB: Wittrnann Area Drainage Master Study Update JOB NO. 310.032 

Structure: CAP 010, Reach 8 Sta. 466+00 

CRITICAL DEPTH1 ENERGY CALCULATIONS 

LOCATION CAP 010 
Bottom Width = 67 (fl) 
Lefl side Slope = 0 :1 
Rigth Side Slopes = 0 :I 
Invert Elevation= 1537.52 (fl) 
Berm Elevation= 1546.2 (fl) 

Structure 
Height 

nven elev. 1537.52 

Note: Elevations obtained from survey report. Storage areas estimated using topographic maps 

Stage 

(ft) 
1530.0 
1532.0 
1534.0 
1536.0 
1537.5 
1538.0 
1540.0 
1542.0 
1544.0 
1546.0 
1546.2 

Bottom Width 
B 
(fl) 

67.00 
67.00 
67.00 
67.00 
67.00 
67.00 
67.00 
67.00 
67.00 
67.00 
67.00 

Critical Depth 
YC 

(fl) 
0.00 
0.00 
0.00 
0.00 
0.00 
0.32 
1.65 
2.99 
4.32 
5.65 
5.79 

Area 
A 

(flA2) 
0.00 
0.00 
0.00 
0.00 
0.00 

21.44 
110.77 
200.1 1 
289.44 
378.77 
387.65 

Discharge 

(cfs) 
0.00 
0.00 
0.00 
0.00 
0.00 

68.82 
808.25 
1962.38 
3413.72 
5110.46 
5291.15 

Velocity 
Head 
(fl) 

0.00 
0.00 
0.00 
0.00 
0.00 
0.16 
0.83 
1.49 
2.16 
2.83 
2.89 

Storage 
Area 
(ac) 
0.10 
0.25 
0.47 
1.86 
9.86 
12.53 
26.53 
59.20 
117.50 
183.97 
191.94 



CLIENT CHECK PAW DATE 9/10/2003 

JOB: Wittrnann Area Drainaqe Master Studv Update JOB NO. 310.032 

CAP Overchute Discharge vs Water Surface Elevation1 Storage Area 
Location1 Description: CAP 010 

'Discharge calculared energy method 
"Storage volume calculaled uslng conic metnod. V,2=.333h'(A,+A2*(A,'A,)".5) 





APPENDIX D.4 

SHEET 8 OF 42 

BY RAS DATE 19-Aprd4 

CLIENT: FCDMC CHECK JS DATE 19-Apr-04 

JOB: Wittmann Area Drainage Master Study Update JOB NO. 310.032 

Structure: CAP 020, Reach 8 Sta. 572+50 

CRITICAL DEPTH1 ENERGY CALCULATIONS 

LOCATION CAP 020 
Bottom Width = 47 (ft) 
Left side Slope = 0 : I  
Rigth Side Slopes = 0 : I  
Invert Elevation= 1547.25 (ft) 
Berm Elevation= 1553 (fl) 

Structure 

4 Invert elev. 1547.25 

Note: Elevations obtained from survey report. Storage areas estimated using topographic maps 



APPENDIX D.4 

SHEET 9 OF 42 

BY JS DATE 9/8/2003 

C L I E N l W  CHECK PAW DATE 9/10/2003 

JOB: Wittrnann Area Drainaoe Master Study Update JOB NO. 310.032 

CAP Overchute Discharge vs Water Surface Elevation1 Storage Area 
Location1 Description: CAP 020 

Water 
Surface 

Elevation Length \Dischargem 
[cfsl 

1554 2 7 3700 9990 

"Discharge calculated energy method 
+'Storage volume calculated using conic method. V,,=.333h'(A,+A,+(A,'A2)".5) 
"'Weir Discharge was calculated using the equation Q,,,=C'L'~'~ 





APPENDIX D.4 

SHEET 11 OF 42 

BY RAS DATE 19-Apr-04 

CLIENT: FCDMC CHECK JS DATE 19-Apr-04 

JOB: Wittmann Area Drainage Master Study Update JOB NO. 310.032 

Structure: CAP 030. Reach 8 Sta. 609+00 

CRITICAL DEPTH1 ENERGY CALCULATIONS 

LOCATION CAP 030 
Bottom Width = 135 (ft) 
Left side Slope = 0 :I 
Rigth Side Slopes = 0 :I 
Invert Elevation= 1546.98 (R) 
Berm Elevation= 1556 (R) 

Structure 
Height 

nvert elev. 1546.98 

Note: Elevations obtained from survey report. Storage areas estimated using topographic maps 

Discharge 

(cfs) 
0.00 

429.56 
2188.44 
4690.08 
7755.87 
11296.26 

Stage 

(ft) 
1547.0 
1548.0 
1550.0 
1552.0 
1554.0 
1556.0 

Storage 
Area 
(ac) 
0.33 
0.66 
2.13 
5.99 
10.04 
16.10 

Area 
A 

(ftA2) 
0.00 
91.80 
271.80 
451.80 
631.80 
811.80 

Velocity 
Head 
(ft) 

0.00 
0.34 
1.01 
1.67 
2.34 
3.01 

Critical Depth 
YC 

(ft) 
0.00 
0.68 
2.01 
3.35 
4.68 
6.01 

Bottom Width 
B 
(ft) 

135.00 
135.00 
135.00 
135.00 
135.00 
135.00 



APPENDIX D.4 

SHEET 12 OF 42 

BY JS DATE 9/8/2003 

CLIENT- 

JOB: Wittmann Area Drainaqe Master Study U~da te  

CHECK PAW DATE 9/10/2003 

JOB NO. 31 0.032 

CAP Overchute Discharge vs Water Surface Elevation1 Storage Area 
Location/ Description: CAP 030 

'Discharge calculated energy method 
"Storage volume calculated using conic method, V,,=.333h'(A1+A2t(A,'A2)n.5) 
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APPENDIX D.4 

SHEET 14 OF 42 

BY RAS DATE 19-Apr-04 

CLIENT: FCDMC CHECK JS DATE 19-Apr-04 

JOB: Wittmann Area Drainage Master Study Update JOB NO. 310.032 

Structure: CAP 040, Reach 8 Sta. 688t00 

CRITICAL DEPTH1 ENERGY CALCULATIONS 

LOCATION CAP 040 
Bottom Width = 87 (ft) 
Left side Slope = 0 :I 
Rigth Side Slopes = 0 : I  
Invert Elevation= 1546.77 (fl) 
Berm Elevation= 1552.7 (ft) 

Structure 
Height 

nverl elev. 1546.77 
I I 

Note: Elevations obtained from survey report. Storage areas estimated using topographic maps 



APPENDIX D.4 

SHEET 15 OF 42 

BY JS DATE 9/8/2003 

CLIENl FCDMC CHECK PAW DATE 9/10/2003 

JOB: Wittmann Area Drainaae Master Studv UDdate JOB NO. 310.032 

CAP Overchute Discharge vs Water Surface Elevation1 Storage Area 
Location1 Description: CAP 040 

Water 
Surface 

Elevation Length Dlschargem 

1554 13 2 7 5600 2241 1 

'Discharge calculated energy method 
"Storage volume calculated using conic method. V,,=.333h'(A,+A2+(A,'A2)A.5) 
"'Weir Discharge was calculated using the equation Q-=C'L'~'' 
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APPENDIX D.4 

SHEET 17 OF 42 

BY RAS DATE 19-Apr-04 

CLIENT: FCDMC CHECK JS DATE 19-Apr-04 

JOB: Wittmann Area Drainage Master Study Update JOB NO. 310.032 

Structure: CAP 050, Reach 8 Sta. 804+50 

CRITICAL DEPTH1 ENERGY CALCULATIONS 

LOCATION CAP 050 
Bottom Width = 67 (ft) 
Lefl side Slope = 0 :I 
Rigth Side Slope = 0 :I 
Invert Elevation= 1545 (ft) 
Berm Elevation= 1553 (ft) 

Structure 

- - Invert elev. 1545 

Note: Elevations obtained from survey report. Storage areas estimated using topographic maps 

Stage 

(fl) 
1545.0 0.00 67.00 0.00 0.00 0.00 0.00 
1546.0 0.67 67.00 44.89 0.34 208.50 0.05 
1548.0 2.00 67.00 134.01 1.00 1075.52 0.74 
1550.0 3.33 67.00 223.37 1.67 2314.32 11.45 
1552.0 4.67 67.00 312.67 2.33 3832.77 35.26 
1553.0 5.33 67.00 357.38 2.67 4683.60 54.05 
1554.0 6.00 67.00 402.00 3.00 5587.66 55.05 

Area 
A 

(ftA2) 

Critical Depth 
YC 

(ft) 

Bottom Width 
B 
(ft) 

Velocity 
Head 
(ft ) 

Discharge 

(cfs) 

Storage 
Area 
(ac) 



CLIENT FCDMC CHECK PAW DATE 

JOB: Wittmann Area Drainaae Master Study U ~ d a t e  J O B  NO. 310.032 

CAP Overchute Discharge vs Water Surface Elevation1 Storage Area 
Location1 Description: CAP 050 

*Discharge calculated energy method 
"Storage volume calculated using conic method, V,,=.333h'(A,+A,+(A,'A2)A.5) 
'"Weir Discharge was calculated using the equation Q,.=c'L'~'' 



El-tlon - 1552 
storage Ares - 35.3 Ac 
storage V0lumc - 55.3 k R 

Elnation - 1550 
Storegc Area - 11.5 Ac 
Storage Volume - 1 0 . 7 k  ft 

Ebatbn - 1548 
Storage Ares - 0.7Ac 
Starage Val- - 0.7 k R 

ELnatton - 1546 68' 0ver~h00t 
StorageAm-0.lAc 
Storage Volumc - 0.03Acft 

SCALE: 1 "= 500' 
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. '  
' I' 

B A ~  &on 2' contours from FCDMC 
DESIGN 

DESIGN cHK. 

BY 
RAS 

cJL 

DATE 
08/2003 

o8/2o03 



APPENDIX D.4 

,@EIltel 1 us 
SHEET OF 

BY JS DATE 91812003 

CLIENl FCDMC CHECK PAW DATE 911012003 

JOB: Wittmann Area Drainaae Master Studv Update JOB NO. 310.032 

CAP Culvert Discharge vs Water Surface Elevation1 Storage Area 
Location/ Description: Impoundment Area East of US60 CAP60-140 

'Discharge calculated using nomograph and weir flow 
**Storage volume calculated using conic method, V,,=.333h*(A,+A2+(A,'A2)An5) 



APPENDIX D.4 

CLIENT: FCDMC 

JOB: Wittmann Area Drainaqe Master Studv U~date  

SHEET 21 OF 42 

BY JS DATE 9/8/2003 

CHECK PAW DATE 9/10/2003 

JOB NO. 310.032 

Discharge Calculations for Culvert System 

Location1 Description: Impoundment Area East of US60 CAP60-140 

Water Surface Elevation: 1544 

I Q Total [CFS]: 2061 

Flows were calculated using nomograph for inlet control culvells 



APPENDIX D.4 

SHEET 22 OF 42 

BY JS DATE 9/8/2003 

CLIENT: FCDMC CHECK PAW DATE 9110/2003 

JOB: Winmann Area Drainage Master Studv UDdate JOB NO. 310.032 

Discharge Calculations for Culvert System 

Location1 Description: Impoundment Area East of US60 CAP60-140 

Water Surface Elevation: 1546 

'Flows were calculated using nomograph for inlet control culvelts 



APPENDIX D.4 

SHEET 23 OF 42 

BY JS DATE 91812003 

CLIENT: FCDMC 

JOB: Wittmann Area Drainaae Master Studv U~date 

CHECK PAW DATE 9/1012003 

JOB NO. 310.032 

Discharge Calculations for Culvert System 

Location/ Description: Impoundment Area East of US60 CAP60-140 

Water Surface Elevation: 1548 

I Q Total [CFS]: 

' Flows were calculated using nomograph for inlet control culverts 



APPENDIX D.4 

SHEET 24 OF 42 

BY JS DATE 9/8/2003 

CLIENT: FCDMC CHECK - PAW DATE 9/10/2003 

JOB: Wittmann Area Drainaae Master Studv U~da te  JOB NO. 310.032 

Discharge Calculations for Culvert System 

Location1 Description: Impoundment Area East of US60 CAP60-140 

Water Surface Elevation: 1550 

' Flows were calculafed using nomograph for inlet control culvetts 



APPENDIX D.4 

SHEET 25 OF 42 

BY JS DATE 9/8/2003 

CLIENT: FCDMC 

JOB: Wittmann Area Drainaae Master Studv U~date  

CHECK PAW DATE 9/10/2003 

JOB NO. 310.032 

Discharge Calculations for Culvert System 

Location1 Description: Impoundment Area East of US60 CAP60-140 

Flows were calculated using nomograph far inlet control culverts 

Water Surface Elevation: 1552 

Culvert ID 

CAPO60 

CAP070 

CAPO80 

Station 

36+12 

52+80 

85+70 

Description 

72" RCP 

72" RCP 

72" RCP 

Invert 
Elevation 

[feet] 

1543.29 

1543.1 

1542.93 

D 
[inches] 

72 

72 

72 

HW 
[ftl 

8.71 

8.9 

9.07 

HWlD 
[ftlft] 

1.45 

1.48 

1.51 

Q. 
[cfs] 

305 

320 

320 



APPENDIX D.4 

CLIENT: FCDMC 

JOB: Wittrnann Area Drainaqe Master Studv Update 

Location1 Description: 

SHEET 26 OF 42 

BY JS DATE 91812003 

CHECK PAW DATE 911012003 

JOB NO. 310.032 

Discharge Calculations for Culvert System 

Impoundment Area East of US60 CAP60-140 

Water Surface Elevation: 1554 

Flows were calculated using nomograph for inlet control culverts 



CLIENT: FCDMC 

APPENDIX D.4 

SHEET 27A OF 42 

BY RAS DATE 121812003 

CHECK HAA DATE 12/8/2003 

JOB: Wittmann Area Drainaae Master Studv UDdate JOB NO. 310.032 

Discharge Calculations for Culvert System 

Location/ Description: Impoundment Area East of US60 CAP60-140 

Flows were calculated using nomograph for inlet control culverts 

Water Surface Elevation: 1556 

CAP140 1240+00 172" RCP 1544.651 721 11.351 1.891 380 
I Q Total [CFS]: 3835 



APPENDIX D.4 

CLIENT: FCDMC 

JOB: Wittmann Area Drainaqe Master Study Update 

SHEET 278 OF 42 

BY AMG DATE 1/28/2004 

CHECK DATE 

JOB NO. 310.032 

Discharge Calculations for Culvert System 

Location1 Description: Impoundment Area East of US60 CAP60-140 

Water Surface Elevation: 1557 

Weir Flow Over CAP Embankment 

' Flows were calculated ustng nomograph for mlet control culverts 
" Flows were calculaled "sang the welr equallon Q=C;B'H" 

CAP140 1240+00 172" RCP 1544.651 721 12.351 2.061 415 



APPENDIX D.4 

CLIENT: FCDMC 

JOB: Wittmann Area Drainaae Master Studv Update 

SHEET OF 

BY AMG DATE 1/28/2004 

CHECK DATE 

JOB NO. 310.032 

Discharge Calculations for Culvert System 

Location1 Description: Impoundment Area East of US60 CAP~O-140 

Water Surface Elevation: 1558 

Weir Flow Over CAP Embankment 

DCAPIO 15561 35091 2E 

' Flows were calculated using nomograph for inlet control culverts 
" Flows were calculated using the weir equation: Q=Cw'~ '~s2  

25531 19495 

27831 21256 

Q Total [CFS]: 180489 

DCAP13 2.71 1556) 2 

DCAPl4 2.71 1556 1 2 



T E E T ~  0 q a  ,@ Entellusm BY RAI DATE 8-27-03 
CHECK m L  DATE q - ~ o ~  

CLIENT F ~ D I L Z  C 

JOB NAME ~ ; + t ~ l n n  Ar ~c Ill=.- S + w  JOB NO. 3 10 .d32  



ey C0.S DATE B-25-02 

C H E K  DATE 9- r-07 
~ Q ~ T F L D A L  - \ d ~ i I r n d H M  A l f h  l l a*d**e .  ~C.+p'l'4ie. 

CHART 1 0.'. '- 

(I) 2.5 8.8 
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!'CONCRETE PIPE CULVERTS 
HEADWATER SCALES eas 
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ElmtiDn - 1556 
Storage Area - 553.0 Ac 
Storpgc Volume - 2897.8 Ac. R 

Elmdon - 1552 
Storage Area - 331.2 Ac 
Storage Volume - 1135.0 Ac. R 

Elevation - 1550 
Stmagc Area - 222.6 Ac 
StorageVolumc - 585.4 Ac. R 

Elevation - 1548 
Storage&-98.1Ac 
Storage Volume - 273.4 Ac. R 

ElmtiDn - 1546 
Storage Area - 63.0 Ac 
Storage Volume - 113.8 Ac. R 

Elmtion - 1544 
S t o m  Area - 23.2 Ac 
Storsgc Volume - 30.9 Ac. R 

Elevation - 1540 
S t o m  Area - 0.0 Ac 
storage volume - 0.0 Ac. R 

SCALE: 1 "= 800' ~ k ~ t i ~ n  - 1536 

TUDY UPDATE 
Storage Area - 0.0 Ac 
s t o m  VDIUI~ - 0.0 AC. R 

FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 
CONTRACT FCD 2002C029 



EIm!hn - 1556 
S w  Area - 553.0 Ac 
Storaec Volume - 2897.8 Ac. R 

E l w a k b  - 1552 
StorageArea-331.2Ac 
Storage Volvmc - 1135.0 Ac. R 

EImtlon - 1550 
Sdmsgc Area - 222.6 A0 
Storag Volume - 585.4 Ac. ft 

E l m h  - 1548 
S t o w  A M  - 98.1 Ac 
s t o w  V h e  - 273.4 Ac. R 

Eloptlon - 1546 
StorageAM-63.OAc 
S t o w  Volume - 113.8 Ac. R 

Elcvatlm - 1544 
S t o w  Arm - 23.2 Ac 
S t o m  Volume - 30.9 Ac. R 

Elcvatlon - 1540 
Storage Area - 0.0 Ac 
Storage Volume - 0.0 Ac. ft 

SCALE: 1 "= 800' ~ ~ c v a t i o n  - 1536 

8toragc Area - 0.0 Ac 
storage volume - 0.0 Ac. R 

- ~- ~ ~ 



APPENDIX D.4 

,@E31~eUL,s SHEET BY JS DATE 9/8/2003 

OF 

CLIENl FCDMC CHECK PAW DATE 9/10/2003 

JOB: Wittmann Area Drainaae Master Study Update JOB NO. 310.032 

CAP Culvert Discharge vs Water Surface Elevation1 Storage Area 
L0~ati0nl Description: Impoundment Area East of US60 CAP150-190 

'Discharge calculated using nomograph and weir flow 
"Storage volume calculated using conic method. V,,=.333h*(A,+Az+(At'A,)".S) 



APPENDIX D.4 

SHEET 21 OF 42 

BY JS DATE 9/8/2003 

CLIENT: FCDMC 

JOB: Wittmann Area Drainaue Master Study Uodate 

CHECK PAW DATE 9110/2003 

JOB NO. 310.032 

Discharge Calculat ions f o r  Culvert  System 

Location1 Description: Impoundment Area East of US60 CAP150-190 

Water Surface Elevat~on: 1544 

Flows were calculated using nomograph far inlet contml culverts 

CAP160 

CAP170 

CAP180 

CAP1 90 

HW 
[ft] 

1.15 

Q Total [CFS]: 492 

272+35 

279+00 

298+70 

31 5+00 

Invert 
Elevation 

[feet] 

1542.85 

Description 

72" RCP 

Culvert ID 

CAPl5O 

D 
[inches] 

72 

HWlD 
[fUft] 

0.19 

Station 

253+00 

3 - 72" RCP 

72" RCP 

72" RCP 

3 - 72" RCP 

Q' 
[cfs] 

22 

1541.32 

1541.37 

1541.23 

1541.02 

72 

72 

72 

72 

2.68 

2.63 

2.77 

2.98 

0.45 

0.44 

0.46 

0.50 

165 

55 

55 

195 



APPENDIX D.4 

SHEET 22 OF 42 

BY JS DATE 9/8/2003 

CLIENT: 

JOB: Wittmann Area Drainaae Master Studv UDdate 

CHECK PAW DATE 9/10/2003 

JOB NO. 310.032 

Discharge Calculations for Culvert System 

Location1 Description: Impoundment Area East of US60 CAP150-190 

Water Surface Elevation: 1546 

Flows were calculated using nomograph for inlet control culvens 



APPENDIX D.4 

SHEET 23 OF 42 

BY JS DATE 9/8/2003 

CLIENT: FCDMC CHECK PAW DATE 911012003 

JOB: Wittmann Area Drainaae Master Studv U~date  JOB NO. 310.032 

Discharge Calculations for Culvert System 

Location1 Description: Impoundment Area East of US60 CAP150-190 

Water Surface Elevation: 1548 

Flows were calculated using nomograph for inlet control culverts 



APPENDIX D.4 

CLIENT: FCDMC 

JOB: Wittmann Area Drainaae Master Study Update 

Location1 Description: 

SHEET 24 OF 42 

BY JS DATE 9/8/2003 

CHECK PAW DATE 911012003 

JOB NO. 310.032 

Discharge Calculations for Culvert System 

Impoundment Area East of US60 CAP150-190 

Water Surface Elevation: 1550 

+ Flaws were calculated using nomograph for inlet control culverts 



APPENDIX D.4 

SHEET 25 OF 42 

BY JS DATE 9/8/2003 

CLIENT: FCDMC CHECK PAW DATE 9/10/2003 

JOB: Wittmann Area Drainaae Master Study Update JOB NO. 310.032 

Discharge Calculations for Culvert System 

Location1 Description: Impoundment Area East of US60 CAP150-190 

Water Surface Elevation: 1552 

F l o w s  were calculated using nomograph far inlet cantral culverts 



APPENDIX D.4 

SHEET 26 OF 42 

BY JS DATE 9/8/2003 

CLIENT: FCDMC 

JOB: Wittmann Area Drainaae Master Studv Update 

CHECK PAW DATE 9/10/2003 

JOB NO. 310.032 

Discharge Calculations for Culvert System 

Location1 Description: Impoundment Area East of US60 CAP150-190 

Water Surface Elevation: 1554 

Flows were calculated using nomograph for inlet control culveds 



APPENDIX D.4 

CLIENT: FCDMC 

JOB: Wittmann Area Drainage Master Study U~date  

Location1 Description: 

SHEET 27A OF 42 

BY RAS DATE 12/8/2003 

CHECK HAA DATE 12/8/2003 

JOB NO. 310.032 

Discharge Calculations for Culvert System 

Impoundment Area East of US60 CAP150-190 

Water Surface Elevation: 1556 

Flaws were calculated using nomograph for inlet control culvells 



CLIENT: 

APPENDIX D.4 

SHEET 278 OF 42 

BY AMG DATE 1/28/2004 

CHECK DATE 

JOB: Wittmann Area Drainaae Master Study Update JOB NO. 310.032 

Discharge Calculations for Culvert System 

Location1 Description: impoundment Area East of US60 CAP150-190 

Water Surface Elevation: 1557 

Weir Flow Over CAP Embankment 

Weir Coefficient 

Flows were calculated usmg nomograph for mlet mntrol culverts 
" Flavs were calculated uslng the welr equatlon Q=c;B.H'' 



APPENDIX 0.4 

CLIENT: FCDMC 

JOB: Wittmann Area Drainaqe Master Studv U~date 

Location1 Description: 

SHEET 27C OF 42 

BY AMG DATE 1/28/2004 

CHECK DATE 

JOB NO. 310.032 

Discharge Calculations for Culvert System 

Impoundment Area East of US60 CAP150-190 

Water Surface Elevation: ,, 1558 

Weir Flow Over CAP Embankment 

Weir Coefficient 

Flows were caiwlated using nomograph for inlet control culverts 
"Flows were calculated using the weir equation: Q=c.'B'H" 



APPENDIX D.4 

SHEET OF 

En tel lus BY JS DATE 9/8/2003 

CLIENI FCDMC CHECK PAW DATE 9/10/2003 

JOB: Wittmann Area Drainaae Master Studv Uadate JOB NO. 310.032 

CAP Culvert Discharge vs Water Surface Elevation1 Storage Area 
Location/ Description: Impoundment Area East of US60 CAP150-190 

'Discharge ca.culated using nomograph and we r now 
"Storage volume calculated using conic method. V,2=.333h'(A,+A2+(A,'A2)A.5) 



APPENDIX D.4 

CLIENT: FCDMC 

JOB: Wittmann Area Drainaae Master Study Update 

Location1 Description: 

SHEET 21 OF 42 

BY JS DATE 91812003 

CHECK PAW DATE 9/10/2003 

JOB NO. 310.032 

Discharge Calculations for Culvert System 

Impoundment Area East of US60 CAP150-190 

Water Surface Elevation: 1544 

' Flows were calculated using nomagraph for inlet control culve~ls 



APPENDIX D.4 

SHEET 22 OF 42 

BY JS DATE 9/8/2003 

CLIENT: FCDMC 

JOB: Wittmann Area Drainaae Master Study UDdat.9 

CHECK PAW DATE 9H012003 

JOB NO. 310.032 

Discharge Calculations for Culvert System 

Location1 Description: Impoundment Area East of US60 CAP150-I90 

Water Surface Elevation: 1546 

Flows were calculated uslng nomograph for Inlet control culverts 



APPENDIX 0.4 

SHEET 23 OF 42 

BY JS DATE 9/8/2003 

CLIENT: FCDMC CHECK PAW DATE 911012003 

JOB: Wittmann Area Drainage Master Study U~date JOB NO. 310.032 

Discharge Calculations for Culvert System 

Location1 Description: Impoundment Area East of US60 CAP150-190 

Water Surface Elevation: 1548 

Flows were calculated using nomograph far inlet contml culvelts 



CLIENT: FCDMC 

APPENDIX D.4 

SHEET 24 OF 42 

BY JS DATE 9/8/2003 

CHECK PAW DATE 9/10/2003 

JOB: Wittmann Area Drainaae Master Studv U~da te  JOB NO. 310.032 

Discharge Calculations for Culvert System 

Location1 Description: Impoundment Area East of US60 CAP150-190 

Water Surface Elevation: 1550 

Flows were calculated using nomograph for inlet control culvelts 

CAP170 

CAP180 

CAP190 

D 
[Inches] 

72 

72 

Culvert ID 

CAP150 

CAP160 

279+00 

298+70 

315+00 

Description 

72" RCP 

3 - 72" RCP 

Station 

253+00 

272+35 

Q Total 

Invert 
Elevation 

[feet] 
1542.85 

1541.32 

HW 
[ft] 

7.15 

8.68 

72" RCP 

72" RCP 

3 - 72" RCP 
:CFS]: 2700 

HWD 
[ft/ft] 

1.19 

1.45 

1541.37 

1541.23 

1541.02 

Q* 
[cfs] 

245 

900 

72 

72 

72 

8.63 

8.77 

8.98 

1.44 

1.46 

1.50 

300 

310 

945 



APPENDIX D.4 

CLIENT: FCDMC 

JOB: Wittmann Area Drainaae Master Study UDdate 

SHEET 25 OF 42 

BY JS DATE 9/8/2003 

CHECK PAW DATE 9/10/2003 

JOB NO. 310.032 

Discharge Calculations for Culvert System 

Location1 Description: Impoundment Area East of US60 CAP150-190 

Water Surface Elevation: 1552 

Flows Were calculated using nomograph for inlet control culverts 



APPENDIX D.4 

SHEET 26 OF 42 

BY JS DATE 9/8/2003 

CLIENT: FCDMC 

JOB: Wittmann Area Drainaae Master Study U~date 

CHECK PAW DATE 9/10/2003 

JOB NO. 310.032 

Discharge Calculations for Culvert System 

Location1 Description: Impoundment Area East of US60 CAP150-190 

Water Surface Elevation: 1554 

Culvert ID 

CAP150 

CAP160 

CAP170 

CAP180 

' Flows were calculated using nomograph for inlet control culverts 

Station 

CAP190 1315+00 (3  - 72" RCP 

253+00 

272+35 

279+00 

298+70 

1541.021 721 12.981 2.16( 1290 

Description 

I Q Total [CFS]: 3820 

72" RCP 

3 - 72" RCP 

72" RCP 

72" RCP 

Invert 
Elevation 

[feet] 

1542.85 

1541.32 

1541.37 

1541.23 

D 
[inches] 

72 

72 

72 

72 

HW 
[ft] 
11.15 

12.68 

12.63 

12.77 

HWlD 
[ftlft] 

Q* 
[cfs] 

1.86 

2.11 

2.1 1 

2.13 

380 

1290 

430 

430 



APPENDIX D.4 

CLIENT: FCDMC 

JOB: Wittrnann Area Drainaae Master Study UDdate 

Location1 Description: 

SHEET 27A OF 42 

BY RAS DATE 12/8/2003 

CHECK HAA DATE 12/8/2003 

JOB NO. 310.032 

Discharge Calculations for Culvert System 

Impoundment Area East of US60 CAP150-190 

Water Surface Elevation: 1556 

' Flows were calculated using nomograph for inlet control culverts 



APPENDIX D.4 

SHEET 278 OF 42 

BY AMG DATE 1/28/2004 

CHECK DATE CLIENT: FCDMC 

JOB: Wittmann Area Drainaae Master Study Update JOB NO. 310.032 

Discharge Calculations for Culvert System 

Location1 Description: impoundment Area East of US60 CAP150-190 

Water Surface Elevation: 1557 

Invert 
Culvert ID Station Description Elevation D HW HWlD Q. 

[feet] [inches] [ft] [ftlft] [as] 

CAP150 253+00 72" RCP 1542.85 72 14.15 2.36 455 

CAP160 272+35 3 - 72" RCP 1541.32 72 15.68 2.61 1440 

CAP170 279+00 72" RCP 1541.37 72 15.63 2.61 480 

CAP180 298+70 72" RCP 1541.23 72 15.77 2.63 480 

CAP190 315+00 3 - 72" RCP 1541.02 72 15.98 2.66 1500 

Weir Flow Over CAP Embankment 

Diversion1 Berm 
Route Weir Coefficient Elevation H Weir Length (6) Q" 

DCAPI 5 2.7 1556 1 1127 3044 

DCAP16 2.7 1556 1 1948 5259 

OCAP17 2.7 1556 1 2059 5559 

DCAPI 8 2.7 1556 1 899 2428 

DCAP19 2.7 1556 1 1641 4431 

Q Total [CFS]: 25076 

' Flaws were calculated using nomograph for inlet control culverts 
" Flows were calculated using the weir equation: Q=C,*B'H~ 



APPENDIX 0.4 

SHEET 27C OF 42 

BY AMG DATE 1/28/2004 

CLIENT: FCDMC 

JOB: Wittrnann Area Drainaae Master Study UDdate 

CHECK DATE 

JOB NO. 310.032 

Discharge Calculations for Culvert System 

Impoundment Area East of US60 CAP150-190 

Water Surface Elevation: 1558 

Weir Flow Over CAP Embankment 

Weir Coafficient 

I Q Total [CFS]: 63233 

Flows were calculated using nomograph for inlet mnlrol culvells 
" Flows were calculated using the weir equation: Q=C,'B'H~ 



V E E T ~  OF q'2 ,@ Entellus- BY PAS DATE l? '29-03 

CHECK E L  DATE q-%oi( * C u E W  FC D M  c 



nu &!L- DATB 8-d5-o7 

CHECK DATE 9- 8-03 
CUENTJLJM c W ; i i m r n u  d r r .  b 4 . n a . c  A ~ c - l e r  - SC.+pdr+ r. 

CHART 0 1 

(11 2.5 8.6 

(3) 2.2 7.7 

- .  

' ' ~ O N C R E T E  PIPE CULVERTS 
HEADWATER SCALES 283 

REVISED MAY (964 
OVREAU Of W l L l C  IOAD8 JAN lO* I  

WITH INLET CONTROL 



Stma@ Volume - 15K3.8 Ac. R 

Ekmthn - 1552 
S l o w  Area- 154.8 Ac 
StorageVolumc - 854.0 Ac. tt 

Elemdon - 1550 
S t o w  h - 126.2 Ac 
s t o w  V O I ~ ~ C  - 573.8 AC. R 

Storage h - 97.0 Ac 
S t o w  Volumc - 351.4 Ac. R 

h t i m  - 1546 
torage Area - 67.7 Ac 

S t o w  Volume - 187.8 Ac. R 

. E h t i o n  - 1544 
S t o w  h - 37.3 Ac 
S t o w  Volume - 84.4 Ac. R 

E h t i o n  - 1540 
s t o w  Area - 4.4 Ac 
Storage Volume - 11.6 Ac. R 

Elemtion - 1536 
S t o w A r e a - o . 8 A c  
S t o w  V~lumc - 2.2 AE. R 

E h h  - 1532 

-. . 

SCALE: I"= 800' . . . _. . . 
FLQOD CONTROL DISTRICT OF MARICOPA COUNTY 



APPENDIX 0.4 

SHEET 34 OF 42 

BY JS DATE 9/8/2003 

CLIENT FCDMC CHECK PAW DATE 9/10/2003 

JOB: Wittmann Area Drainage Master Studv U~date  JOB NO. 310.032 

CAP Culvert Discharge vs Water Surface Elevation1 Storage Area 
Location/ Description: Impoundment Area East of US60 CAP200 Sta. 342+40 72" RCP 

Diameter [inches] 72 
Invert Elevation [feet] 1518.5 
Berm Elevation [feet] 1541.4 

Water 
Surface 

Elevation 

^Discharge calculated using nomograph 
"Storage volume calculated using conic method. V,,=.333h'(A,+&+(A,'AZ)A.5) 

"'Weir Discharge was calculated using the equation Q,,=c"L*~'' 

[ftl 
1520 
1524 
1528 

h 

[ft] 
0 
4 
4 

Storage 
Area 
[acre] 

0.0 
1.3 
6.0 

HID 
Storage 

Volume* Discharge* 
[acre ft] 

0.0 
2.0 
15.3 

[ft!ft] 
0.3 
0.9 
1.6 

[c~I-  
25 
175 
335 





Elevation - 1540 
S t o w  Area - 69.9 Ac 
Storage Volume - 391.3 Ac. R 

Elmtlon - 1536 
S t o w  Area - 40.0 Ac 
S t o w  Volume - 174.2 Ac. ft 

Elevation - 1532 
S t o w  Area - 18.0 Ac 
Storegc Volume - 61.0 Ac. R 

ELevaUon - 1528 
S t o w  Area - 5.9 Ac 
S t o w  Volumc - 15.3 Ac. ft 

SCALE: I"= 500' 

Elevation - 1524 
S t o w  Area- 1.3 Ac 
Star- Volume - 2.0 Ac. ft n w N . M t b w a &  -Is 

Elmation - 1520 
s t o w  Area - 0.02 Ac 

wlTmwiN 
AREA DRAINAGE MASTER STUDY UPDATE 

FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 
. CONTRACT FCD 2002C029 

S t o w  Volume - 0.03 Ac. ft 

Based upon 4' contours fiom FCDMC 
and 2' ASCII grid files 

DESIGN 

DESIGN CHK. 

BY 
RAS 

CJL 

DATE 
08/2003 

08/2003 



APPENDIX D.4 

SHEET 37 OF 42 

BY JS DATE 9/8/2003 

CLIENT- CHECK PAW DATE 9/10/2003 

JOB: Wittmann Area Drainaae Master Studv U~date JOB NO. 310.032 

CAP Culvert Discharge vs Water Surface Elevation1 Storage Area 
Location/ Description: Impoundment Area East of US60 CAP210 Sta. 376+80 4 x 84" RCP 

Diameter [inches] 84 
invert Elevation [feet] 1512.7 
Berm Elevation [feet] 1541.8 

Water 
Storage Storage 1 n 1 h I Area I Volume- 1 IM Discharoe* I 

Water 
Surface 

1542 8 2 7 2200 5940 
1543.8 2 7 2200 16801 

[ftl 
1516 
1520 
1524 

'Discharge calculated using nomograph 
"Storage volume calculated using conic method, V,,=.333h'(A,+A2+(A,.A2)A.5) 
'"Weir Discharge was calculated using the equation Q,~.=c'L*~'' 

[ft] 
0 
4 
4 

[acre] 
0.3 
0.8 
1.4 

[acre ft] 
0.0 
2.0 
6.3 

[rvrt] [cfsl- 
0.5 1 372 
1.0 ( 1240 
1.6 1 1900 



@ am F L ~ / .  -w:I.(.I,,,,,, d,ea brr,, e k l ~ < , ~ <  <(w/y U P A ~ ~ C  
I 

L h P  afo CHART 1 

HEADWATER SCALES 283 
CONCRETE PIPE CULVERTS 

REYISED MAY 064 
IVREW or M L l C  ROADI JAN. D I S  

WITH INLET CONTROL 



Eloatlon - 1542 
Storage Area- 27.0 Ac TUDY UPDATE 
storage volume - 193.3 ~ c .  R 

, FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 
Eloatton - 1540 
Stm'a&eAna-22.4Ac 

CONTRACT FCD 2002C029 
S t o w  Volume - 143.9 Ac. R 

E h h  - 1536 
Storage Ana - 13.8 Ac 
StmpBe Volume - 72.2 Ac. ft 

Elemtian - 1532 
Storage Ana- 6.5 Ac 
Storage Volume = 32.4 Ac. f t  

StorageArca-2.7Ac 
firage Volume - 14.7 Ac. R 

E h t i o n  - 1524 
Storage Ana = 1.4 Ac 
Storage Volume - 6.6 Ac. ft 

Elnation - 1520 
3to-Ana-o.BAc 
3 t o w  Volume - 0.3 Ac. R 

Elevation - 1516 
Storage Area = 0.3 Ac 

SCALE: 1 "= 250' 



APPENDIX D.4 

CLIENT- 

JOB: Wittmann Area Drainaae Master Studv Update 

SHEET 40 OF 42 

BY JS DATE 9/8/2003 

CHECK PAW DATE 9/10/2003 

JOB NO. 310.032 

CAP Culvert Discharge vs Water Surface Elevation1 Storage Area 
L0~ati0nl Description: Impoundment Area East of US60 CAP220 Sta. 433+85 72" RCP 

Diameter [inches] 72 
Invert Elevation [feet] 1514.9 
Berm Elevation [feet] 1540 

Water 
Surface 

1541 2 7 2000 5400 
1542 2 7  2000 15274 

'Discharge calculated using nomograph 
"Storage volume calculated using conic method. V,,=.333h'(A,+A,+(A,'A2)A.5) 
"'Weir Discharge was calculated using the equation c),,=c'L*~'~ 



BHEET 

BY (2 DATE a? 
CHECK c!z DATE 

CLIENT F C D M C - I V ; - K ~  Are&., ~ l r c k r  Pl<n URda4c 

CAP 220 CHART 1 
EXAMPLE 

0 ' 

0.42 inches (3.5 f u l l  

(I) 2.5 8.8 

0 ."d:.o 'C.l.,,O, ,.".,** 01 

HEADWATER DEPTH FOR 

HEADWATER SCALES 2 8 3  
CONCRETE PIPE CULVERTS 

REVISED MAY 1964 
BUREAU M WOLIC 110A08 JAN. I * S I  

WITH INLET CONTROL 



. . .  , .. . . 

Page 42 of  42 

E l m a t h  - 1540 
S t o w  Area - 29.2 Ac 
Stomwe Volume - 135.8 Ac R 

E h a U ~ m  - 1536 
b r a g a h -  l5.4Ac 
S m w  Volums - 48.2 Ac a 

E h t i o n  - 1532 
sto- AM - 4.4 Ac 
S t o w  V0l- - 10.8 Ac R 

E h b n  - 1528 
smrags Amp - 0.5 Ac 
stomwe v01- - 2.1 Ac. R 

Elaration - 1524 
h m g e A M -  0.2Ac 
Storwe Volume - 0.7Ac R 

Elaration - 1520 
s t o ~ A M - O . 1 A c  
S t o w  Val- - 0.1 Ac R 

E m  - 1516 
S t o w  AM - O.W1 Ac 
s t o w  vdume - o.wa 

STA 4 3 3 + 8 5  
72" RCP 

600' 0' 600' 1200' 

SCALE: I "=  600' 

- m K W -  e l 5  
- m R k M ( Y O g ( R s  

m amuma 

.. Based upon 4' contourn 6um 
FCDMC and ASCII grid files 

GEntellw EL,, - 
, . wrlnuhw 

DESIGN BY DATE . . -. AREA DRAINAGE MASTER STUDY UPDATE . - ! ! 08/2003 FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 

1 DESIGN CHK. I CJL 1 08/2003 1 CONTRACT FCD 2002C029 I 
- - 



D.4.2. Beardsley Canal 



CLIENT: FCDMC 

JOB: Wittrnann Area Drainaae Master Study U~date 

SHEET OF - 

BY DATE - 

CHECK DATE - 
JOB NO. 310.032 

. . FlowEquations .................................... 
Q.,,,,.,. = I ( s ~ L ~ ) ) T T ~ ~ ~  

where: g = Gravitational Acceleration [ft/sec2] 
& = Critical Area [f?] 

...................... .T:.T::.I!PPwid!!-Lf!l ........................ 
Q,.,, = c*B*H'" 

where: C = Weir coefficient 
B =Weir Length [ft] 
H =Water Height Over Weir [ft] 

* Note: Flow from CP1624 is isolated. It ponds and the only outlet is to overtop the canal overbank (weir flow). No flow 
structure exists. 

'Storage was only calculated for elevations where contours were available. Intermediate values were interpolated. 
Maximum storage was assumed at the overtopping elevation. No additional storage was assumed for overtopping. 
Storage for concentration point is combined with another concentration point. See note. 



CLIENT: FCDMC 

JOB: Wittmann Area Drainaae Master Study Uodate 

SHEET OF - 

BY DATE - 

CHECK DATE - 

JOB NO. 310.032 

-----------------.-.. . . -. . .-. -. -. . - -- 
Q,w,cout. = r(s*&S)m"Z 

where: g = Gravitational Acceleration [ft/sec2] 
A, = Critical Area [ft2] 

T = Top Width [ftl . - -. - - -- -- - -. - -. - -- ----- --- -- - - -. - -- .-. . - -. - ---- -- -. - -- --- - -. - -. 
Q,.,. = C*B*H='~ 

where: C = Weir coefficient 
B = Weir Length [ft] 
H = Water Height Over Weir [ft] 

*Note: Flow from CP1621 is isolated. It ponds and the only outlet is to overtop the canal overbank (weir Row). No flow 
structure exists. 

a Storage was only calculated for elevations where contours were available. Intermediate values were interpolated. 
Maximum storage was assumed at the overtopping elevation. No additional storage was assumed for overtopping. 
Storage for concentration point is combined with another concentration point. See note. 



CLIENT: FCDMC 

JOB: Witlmann Area Drainaae Master Studv Update 

SHEET OF - 

BY DATE - 

CHECK DATE - 
JOB NO. 310.032 

FlowEauations .-.......----------------------..... 
Q."e,,h", = [(g*AC3)m'" 

where: g = Gravitational Acceleration [ft/secz] 
A, = Critical Area [f?] 

......-............--- ITffT~~PWid!!-L!l llllll..l.........~~~~~~ 

a,.,, = C + B W ~ ' ~  
where: C = Weir coefficient 

B =Weir Length [ft] 
H =Water Height Over Weir [ft] 

Note: Flow and storage from CPD744 is combined with CP1603. Weir flow is diverted back to CPD744 once the berm 
elevation has been exceeded. 

Maximum storage was assumed at the overtopping elevation. No additional storage was assumed for overtopping. 
Storage for concentration point is combined with another concentration point. See note. 



CLIENT: FCDMC 

JOB: Wittmann Area Drainaue Master Studv Update 

SHEET OF - 

BY DATE - 

CHECK DATE 

JOB NO. 310.032 

Elow Eayations Utilized -- --.- ----- ----- - -------.------------.----------.-----.- 
Qoverc,u, = [ ( g * k 3 ) ~ l ' "  

where: g = Gravitational Acceleration [wsec2] 
A, = Critical Area [f12] 

T = Top Width Ift] ------- - - - -- - - - - -- -- --- - - - - - -. - - - - -. - - ---- - - - - - - - - - - - - - - - - - - -. --- - 
Q~.,, = 

where: C = Weir coefficient 
B =Weir Length [ft] 
H =Water Height Over Weir [fl] 

Note: Storage from C600A and CPD744 is combined with CP1603. Weir flow for C600A is combined with CP1603. 

Height 
Critical Velocity Over Overchute Weir Total Storaae 

Maximum storage was assumed at the overtopping elevation. No additional storage was assumed for overtopping 
Storage for concentration point is combined with another concentration point. See note. 



CLIENT: FCDMC 

JOB: Wittmann Area Drainaae Master Studv Uodate 

SHEET OF - 

BY DATE - 

CHECK DATE - 

JOB NO. 310.032 

. . FlowEsuationsUtlllzed -----------------.------.---------- 
Q,,,,., = [(s*&5mtf2 

where: g = Gravitational Acceleration [fUsecz] 
A, = Critical Area [f?] 

--.-...-.....-.....--- TE.TOP.WI~.!!-L!~ lllllll.lllllllllllll--- 

Q,,, = c'B*H=" 
where: C =Weir coefficient 

B = Weir Length [ft] 
H = Water Height Over Weir [ft] 



CLIENT: FCDMC 

JOB: Wittmann Area Drainaae Master Studv Uodate 

SHEET OF - 
BY DATE - 

CHECK DATE - 

JOB NO. 310.032 

*Note: Storage from CPD716 is wmbined with CPD726. 

---------------.-.------.--. . .. . . ..-. 
Q0"erCh"te = [(g*&3)fl''2 

where: g = Gravitational Acceleration [ftlsecz] 
A, = Critical Area [flz] 

.....-------.......~~~ ITffL!PP1?l!d!!.L!l lllllllll..l.l....llllll 

G,, = c'B'H~" 
where: C = Weir coefficient 

B = Weir Length [ft] 
H =Water Height Over Weir [fl] 

a 
1344 

1344.5 
1345 

1345.5 
1346 

a Storage was only calculated for elevations where contours were available. Intermediate values were interpolated. 
Maximum storage was assumed at the overtopping elevation. No additional storage was assumed for overtopping. 
Storage for concentration point is wmbined with another concentration point. See note. 

4.00 
4.33 
4.67 
5.00 
5.33 

50 

50 
50 
50 

200.0 
50216.7 

233.3 
250.0 
266.7 

2.00 
2.17 
2.33 
2.50 
2.67 

0.0 
0.5 
1.0 
1.5 
2.0 

2270 
2559 
2860 
3172 
3494 

0 
1225 
3464 
6364 
9798 

2270 
3784 
6324 
9536 
13292 

35.33 
35.33 
35.33 
35.33 
35.33 



CLIENT: FCDMC 

JOB: Wittmann Area Drainaae Master Study Update 

SHEET OF 

BY DATE 

CHECK DATE 

JOB NO. 310.032 

' Note: Storage from CAFBOO is combined with CPD704 

. . 
FIDWEqUationSUtlllZed .--------------.----...--.......-.. 
Q.,.ch",. = [(g*&3)m''2 

where: g = Gravitational Acceleration [ftJsec2] 
A, = Critical Area [ftZ] 

.....-......-.......- T.=TPJ!-W!~C!D-I!~~ llllllllllllllllllllllllll.llllll.....ll-. 

Q,,, = c*B*H~'~ 
Mere:  C =Weir coefficient 

B = Weir Length [fl] 
H =Water Height Over Weir [ft] 

a Storage was only calculated for elevations where contours were available. Intermediate values were interpolated. 
Maximum storage was assumed at the overtopping elevation. No additional storage was assumed for overtopping. 
Storage for concentration point is combined with another concentration point. See note. 



CLIENT: FCDMC 

JOB: Wittmann Area Drainaae Master Studv UDdate 

SHEET OF - 
BY DATE - 

CHECK DATE - 
JOB NO. 310.032 

FlowEquationsVtilized .--------.-------.----.-....------- 
Q,".,ch.,. = [(g%3)m'" 

where: g = Gravitational Acceleration [fKsec2] 
A, = Critical Area [f?] 

T = Top Width Ift-. - - -- - -- - - - - - - -- - -- --- --- --- --- -- - -- --- - - -- --- -- - -- -- - -- - -. - --- 
Q ~ ~ , ,  = C*B*H='~ 

where: C = Weir coefficient 
B =Weir Length [ft] 
H =Water Height Over Weir [ft] 

* Note: Flow and storage from CAFBOO is combined with CPD704. Weir flow is diverted back to CAFBOO once the berm 
elevation has been exceeded. 

a Storage was only calculated for elevations where contours were available. Intermediate values were interpolated. 
Maximum storage was assumed at the overtopping elevation. No additional storage was assumed for overtopping. 
Storage for concentration point is combined with another concentration point. See note. 





Highway 74 Culverts 

1) Summary Spreadsheet 

2) Stage vs Storage or Diversion 
Estimations 



Summary Spreadsheet 
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- Existing Structures -State Route 74 

Page 2 of 4 



a Existlng Structures -State Route 74 

Page 3 of 4 



a, Existing Structures -State Route 74 

RCB- Reinforced Concrete Box 
RCP- Reinforced Concrete Pipe 

Modeling ~ o t e s '  : A) Modeled to maximum storage depth 
8 )  Not modeled because storgae is negligible compared to other culverts in system 
C) Not modeled because culvert conveys flow without attenuation 
D) No concentration point at location 
E) Diverts flow along HW 474 to downstream culvert 
F) Possible roadway overtopping may occur 
G) Culvert appears extremely oversized 
H) Culverts work as a system 
I) Culvert appears undersized 

Page 4 of 4 



Hwy 74 at CIW377 



STATE ROUTE 7 ‘I-!@, ANaYSIS 

DIS- HEAD INLET OUTLET 
CHARGE WATER CONTROLCONTROL FLOW NORMAL CRlT. OUnET TW OUTLET TW 
FLOW ELEV. DEPTH DEPTH TYPE DEPTH DEPTH DEPTH DEPTH VEL. VEL. 
(as) (ft) (fl) (fi) <F4> (R) (R) (R) (fi) 

i i i i i E b l i i i i ~ ~ i i i b i E E i b i b i E b E E i E b E b i b b E b b b b b b E b b b b b b b b b b b b b b b b b b b b b b b b b b b b b t b b b b  
(ms) (fps) 

0 2021.3 0 0 0-NF 0 0 0 0 0 0 
36 2024.02 2.48 2.72 2-M2c 2.09 1.66 1.66 0.91 6.32 3.36 
72 2025.31 3.71 4.01 2-M2c 3.18 2.39 2.39 1.35 7.77 4.21 

&rcnM~id  

108 2026.5 4.86 5.2 2-M2c 5 2.96 2.96 1.69 8.92 4.77 fi&: & M 7 7  
1L2027 .45  6.15 5.95 2-M~C 5 3.4 3.43 1.98 10.02 5.2 
180 2029.95 7.71 8.65 2-M2c 5 3.83 3.83 2.24 11.18 5.55 
216 2032.59 9.65 11.29 2-M2c 5 4.15 4.15 2.47 12.44 
252 2035.52 12.02 14.22 2-M2c 5 4.42 4.42 2.68 13.76 6.12 
288 2038.78 14.85 17.48 2-M2c 5 4.69 4.69 2.88 15.16 6.36 
324 2042.43 18.14 21,132-M2c 5 4.95 4.95 3.06 16.56 6.57 / 
360 2046.41 21.95 25.11 6FFc 5 5 5 3.23 18.33 20tl.f 0 0 i i i i i b i i E i i ! ~ ~ ! i i E t I . i i i \ E b b i b E E b t b E b i i E E b b i b E b b b b b b b b b b b b b b b b b b b b t b b b b b b b \ k f b b b b  

SROZO 2@2* , 0.r 36  
~ i ~ ~ i b i ~ i i i ~ ~ > i i ! i i b i ~ b ~ i E ~ ~ E ~ i ~ b E b b E t ~ b E ~ b b b b b ~ b ~ ~ ~ ~ ~ ~ b ~ b b ~ b ~ ~ ~ ~ b b ~ ~ b b ~ ~ b b \ b b b b  

PERFORkCURVE FOR CULVERT 1 = 11 3.5 (fl) BY 
i i i i i b i ~ i i i l : > i E i i i i b b b E b i b b E b i E t i b E b b b E i b b i b b b b b b t E b b b b b b b b b b b b b b b b b b b b b b b b \ \ b b  

DIS- HEAD- INLET OUTLET 
CHARGE WATER CONTROL CONTROL FLOW NORMA< CRIT. OUTLET TW OUTLET TW 
FLOW ELEV. DEPTH DEPTH N P E  DEPTH DEPTH DEPTH VEL. VEL. 
(cfs) (fl) (fl) (fl) <F4> DEPTHi (R) (R) (R) 

! i i i i b i l ? i i i ~ ' ~ ! i i i i i i i i l i . E E b b E b E i b i E b b b i E b E b E b b E b b b t b b b b b b b b b b b b b b b b b b b b b b \ b b b b b  
(fps) (bs) 

0 2028.7 0 0 0-NF 0 0 0 0 0 
18 2030.62 1.92 1.92 IS2n 1.2 1.29 1.09 0.62 7.09 
36 2031.63 2.93 2.93 1-S2n I .n I .8J 1.65 0.92 8.04 
54 2032.93 3.97 4.23 2-M2c 2.3 2.29 2.29 1.15 8.1 
72 2033.94 5.24 5.01 2-M2c 297 2.65 2.65 1.35 9.24 
90 2035.59 6.89 8.59 2-M2c 3.5 2.92 2.92 1.52 10.52 

108 2037.98 9 9.28 2-M2c 3.5 3.15 3.15 1 1.68 11.84 
126 2040.S 11.56 12.26 2-M2c 3.5 3.38 3.38 ' 1.83 13.33 
144 2044.19 14.62 15.496FFc 3.5 3.5 3.5 1.96 14.97 
162 2047.83 18.07 19.13 6FFc 3.5 3.5 3.5 2.08 16.84 
180 2051.89 21.88 23.19 GFFc 3.5 3.5 3.5 2.2 18.71 

i b i l i l i i i i i l ' ~ i ~ i i i b b b i ~ i i b i b i b i ~ b b b b b b b E b i b b E b b b ~ b b E b \ b b b b b b b b b b \ b b b b b b b b \ b \ b b b  
SR050 

PERFOR~V CURVE FOR CULVERT 4 (fl)) CSP 

DIS- HEAD- IN1 ET 01ITI - - 
CHARGE WATER CONTROL CONTROL FLOW NORM& CRIT. OUTLET TW OUTLET TW 
FLOW ELEV. DEPTH DEPTH TYPE DEPTH DEPTH DEPTH DEPTH VEL. VEL. 
(ds) (fi) (fl) (fi) <F4> (R) (R) (fi) (fi) (fps) (fps) 

Page I of 36 





Hwy 74 at CIW390 



--kE m- I OF 3 
BY [/I DATE 

CHECK DATE </?/+ 
Fm 

JOB NAME &&&n d@MJU 



Drainage Design Manual for Maricopa County, Volume 11, HydrauUcs 

SRI6CI 

- I I  r 600 

( 1 1  1.70 3.S 

ce, 1.- 3.0 
3 ens *I 
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I- - 
W 
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LL 
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0, 

LL 
0 
b- - 3  

W 
x 

- .8 - 

- 1  

Figure 5.26 
Headwater Depth for Box Culverts with Inlet Control 

(USDOT. FHWA. HDS-5, 1985) 
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Hwy 74 at CIW389 



STATE ROUTE 7 
cyierrr 

0 2049.9 0 0 O-NF 0 0 0 0 0 0 
16 2051.68 1.78 1.78 lS2n 1.02 1.21 0.91 0.51 8.01 3.88 
32 2052.6 2.7 2.7 ISZn 1.48 1.75 1.35 0.77 9.34 4.88 
48 2053.49 3.59 3.59 5S2n 1.88 2.16 1.76 0.97 9.91 5.56 
64 2054.52 4.62 4.62 5S2n 2.26 2.5 2.2 1.14 10.05 6.08 
80 2055.8 5.9 5.9 SS2n 2.7 2.79 2.59 1.28 10.49 6.5 
96 2057.42 7.52 5.78 2-M2c 3.5 3 3 1.42 10.98 6.87 

112 2059.42 9.52 9.17 2-M2c 3.5 3.2 3.2 1.54 12.18 7.18 
128 2061.84 11.88 11.94 242c 3.5 3.41 3.41 1.66 13.49 7.47 
144 2064.77 14.61 14.87 SFFC 3.5 3.5 3.5 1.77 14.97 7.73 
160 2068.05 17.66 18.15 6FFc 7.96 

El. inlet face invert 2049.9 R El. outlet invert 2047.3 ft 

m El. inlet threat invert 0 fl El. Inlet crest o f t  

PERFORh CURVE FOR CULVERT 8 (fi)) RCB 

DIS- HEAD- INLET OUTLET 
CHARGE WATER CONTROL CONTROL FLOW NORMAL CRIT. OWLET TW OUTLET TW 
FLOW ELEV. DEPTH DEPTH W E  DEPTH DEPTH DEPTH DEPTH VEL. VEL. 

0 2053.8 0 0 0-NF 0 0 0 0 0 0 
23 2054.66 0.86 0.86 1S2n 0.19 0.55 0.25 0.45 9.24 3.02 
46 2055.12 1.32 1.32 1-S2n 0.38 0.87 0.53 0.68 8.76 3.9 
69 2055.53 1.73 1.73 I-SZn 0.56 1.14 0.7 0.66 9.83 4.51 
92 2055.89 2.09 2.09 lS2n 0.75 1.38 0.86 1.02 10.66 4.99 

115 2056.22 2.42 2.42 ISZn 0.87 1.8 1.02 1.16 11.22 5.39 
138 2056.54 2.74 2.74 lS2n 0.97 1.81 1.17 1.29 11.n 5.74 
161 2056.83 3.03 3.03 1S2n 1.07 2.01 1.31 1.42 12.3 6.04 
184 2057.12 3.32 3.32 IS2n 1.17 2.2 1.46 1.53 12.64 6.32 
207 2057.39 3.59 3.59 1S2n 1.27 2.37 1.59 1.64 12.98 6.57 
230 2057.65 . . . .  . 3.85 3.85 l 4 2 n  1.37 2.55 1.73 1.74 13.31 6.8 

h inlet face invert 2053.8 fl El. cutlet invert 2052.7 ft 
El. inlet throat invert 0 fl El. Inlet aest 

SWIO 
0 n 

PERFORhr CURVE FOR CULVERT 1 - 3.5 P ) )  CSP 

HEAD- INLET OUTLET 
CHARGE WATER CONTROL CONTROL FLOW NORMAL CRIT. OUTLET TW OUTLET lW 
FLOW ELEV DEPTH DEPTH TYPE DEPTH DEPTH DEPTH DEPTH VEL VEL. 

0 2068.71 0 0 0-NF 0 0 0 0 6.1 n n 
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Hwy 74 at CIW380 



CLIENT: FCDMC 

JOB: Wittmann Area Drainaqe Master Studv Update 

SHEET OF 

BY DATE 

CHECK DATE 

JOB NO. 310.032 

Discharge Calculations for CIW380 culvert and Diversion to CTW462 

Location1 Description: SR310: 6 10'x8' RCB, at CIW380 

Invert Elevation 2067.7 

'Flows were calculated using nomograph for inlet control culverts 
'* Flows were calculated using the weir equation: Q=c,~B'H"~ 
*"*Based on field visit, the diversion was determined to begin at HW-8.5, or Elevation =2076.2 R 
""Storage was not included in CIW380 because the diversion prevents significant storage 
'""'" Storage was not calculated for these elevations due to mapping limitations 

Weir Flow Diversion to CTW462 

Elevation 

tftl 
2076 2 

2076 5 

Berm 
Elevation 

[fil 
2076.2 

2076.2 

Weir Coefficient 

2 7 

2.7 

H 

[fil 
0 

0.3 

Weir Length (6) 

In1 
175 

175 

a" 
[cfsl 

0 

78 



1- ' - ) I E E T l  OF L ,@ E I I ~ I ~ u s ~  BYL DATE [h<// 
C H E C K  DATE 



2 . I E E T  OF 6 
BY df DATE <h,k 
C H E C K  DATE 

CLIENT /=to 
JOB NAME U ~ Y h a ~ n  &d/M/& JOB NO. Y/dlQ.?& 

. . 

(480 "1S7 
0 . 3 X . $ 7  

SUPERSEDED BY FIELD VISIT: 
@ SEE DISCHARGE 

CALCULATIONS SPREADSHEET 



Drainage Design Manual for Maricopa County, Volume 11, HydrauUcs 

Figure 5.26 
Headwater Depth for Box Culverts with Inlet Control 

(USDOT, FHWA, HDS-5, 1985) 









Hwy 74 at CTW462 



C H E C K  DATE 

JOB NAME ~ ~ i M m * n * r  &MJk JOB NO. ?/oofZ 



STATE ROUTE 7 

1080 2070.98 3.28 3.28 1-S2n 1.22 216 1.5 3.89 11.97 
1200 2071.21 

10 
3.51 

inlet face invert 2087.7 fl El. Mltlet Invert 2066.8 R 
inlet throat invert 0 R El. inlet aest 0 n 

RCB 

DIS- 
CHARGE WATER CONTROL CONTROL FLOW NORMAL CRIT. OUTLET TW OUTLET TW 
FLOW ELEV. DEPTH DEPTH N P E  DEPTH DEPTH DEPTH DEPTH VEL. E L .  

0 0 0 54 2066.35 0.35 035 1S2n 0.21 0.47 0.27 0.75 6.76 3.33 
108 2066.71 0.71 0.71 1S2n 0.42 0.74 0.44 1.14 8.18 4.27 17= 162 2066.94 0.94 0.94 1S2n 0.63 0.97 0.72 1.44 7.52 4.92 

3 2 1 6  2068.05 1.14 2.05 5 M l t  0.82 1.17 1.7 1.7 4.23 5.42 
270 2068.37 1.33 2.37 3-Mlt 0.93 1.36 1.94 1.94 4.65 5.84 
324 2068.69 q.52 2.69 3-Mlt 1.04 1.54 2.15 2.15 5.02 6.2 
378 2069.02 1.69 3.02 3-Mlt 1.15 1.71 2.35 2.35 5.36 6.52 
432 2069.14 1 .84 3.14 3-Mlt 1.26 1.86 2.53 2.53 5.68 6.8 486 2069.46 1.99 3.46 3-Mlt 1.37 2.02 2.71 2.71 5.98 7.06 

2.16 2.87 2.87 6.26 7.3 

outlet invert 2065.5 ft 
throat invert 0 fl 

8 (R)) RCB 

CHARGE WATER CONTROL CONTROL FLOW NORMAL CRIT. OUTLET TW 
OUTLET TW FLOW ELEV. DEPTH DEPTH TYPE DEPTH DEPTH DEPTH DEPTH VEL. VEL. 

0 2064.1 0 
20 2064.91 

0 
0.81 

0 
0.81 lS2n  

0 
0.19 0.5 0.2 0.4 

40 2065.3 10 2.43 
1.2 1.2 1S2n 0.38 0.79 0.49 0.6 8.1 3.16 

60 2065.68 1.58 1.58 1-S2n 0.57 1.04 0.68 
4 , t h ~  = /~fCf:  

80 2066.01 0.76 8.85 3.66 
1.91 1.91 1-S2n 0.76 1.26 0.83 0.9 

100 2066.32 9.64 4.07 , A x  
2.22 2.22 1-S2n 

+LJP 8,s'  
0.86 1.46 0.97 1.03 10.29 4.41 % 

120 2066.6 2.5 2.5 lS2n  0.98 1.65 1.11 1.15 10.8 4.7 8 140 2066.88 2.78 2.78 I-SZn 1.08 I .83 I .25 1.25 c 
160 2067.13 11.2 4.96 

3.03 3.03 1S2n 1.18 2 1.37 1.36 11.68 5.2 180 2067.38 . 3.28 3.28 1S2n 1.28 2.16 1 5  1.45 11.97 P 200 2067.62 3.5 3.52 3.52 1-S2n . . . . . . . 1.38 2.32 1.62 1.54 12.34 5.61 D 
-h 

. I  
r - 

p r m a  9, ~ . r )  .d . \ e  2 0 7 2  7.9 

-0 7 ,e 2 . f C P  
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Figure 5.26 
Headwater D e ~ t h  for Box Culverts with Inlet Control 

(USDOT, FHWA, HDS-5, 1985) 





Hwy 74 at CTW459 



7 > E m L  L I  
BY  DATE^^(/^ 
CHECK 6 DATE $/(t~_ 
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* Figure 5.26 
Headwater Depth for Box Culverts with Inlet Control 

(USDOT. FHWA, HDS-5. 1985) 

r 600 - I1 - so0 
( 1 )  (2) (3) 

E X A M P L E  - 8  7 9  - 10 - 10 - 400 5'. t' eo. Q.  7s cfs .--7 - 8 - - 
o/a . Issfm/rr  

L - 6 
- 7 - 8 - 9 = 3w rn - - 6 - 7 

0 (..I - - 5 
111 1.78 3.0 - - 5 

- 6 

te )  1.90 5.8 

(3) en3 4. I 

- 5 

I- - - 1.5 - 
W 
W 
Y 

- 
0 
X .  
0 m 
Y 
0 
I- - 3  

WINGWALL 2 .7 - .7 0 - HW SCALE F L A R E  1 - . 6  
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2 r 4  0 
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- I  
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IL) 90.and 15- 
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- - n u s .  *r.l* to)  4, (3) praj.a 
horirmlally 1. se.10 ( I ) ,  than 
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- I 0 .Id 0 ...I ..,. 1 t.1.r.. .I 
i l l u ~ l ~ ~ l ~ d .  - 
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- .5 
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STATE ROUTE 74-CULVERT ANALYSIS 

0 

3- 
El. inlet face invert 2064.1 ft El. outlet invert 2063.1 ft 
El. inlet throat invert 0 ft El. inlet crest 0 ft 

+l?sa - PERFORUCURVE FOR CULVERT ..... . . . . . . . .. .. . . . . . . . . . .. .. .3! . . . . .. 10 (fi), BY . . 8 (n)) RCB 1 - 
\ n m  

DIS- HEAP INLET OUTLET 
CHARGE WATER CONTROL CONTROL FLOW NORMAL CRIT. OUTLET TW OunET Tw 
FLOW ELEV. DEPTH DEPTH TYPE DEPTH DEPTH DEPTH DEPTH VEL. VEL. 

0 2058 0 0 O-NF 0 0 0 -2.1 0 0 

El. inlet face invert 2058 fl El. outlet invert 2056.7 ft 
El. inlet thmat invert 0 ft El. inlet M S ~  0 ft 

SR390 
PERFORW CURVE FOR CULVERT 7 (ft)) RCB 

DIS- HEAD- INLET OUTLET 
CHARGE WATER CONTROL CONTROL FLOW NORMAL CRIT. OUTLET TW OUTLET TW 
FLOW ELEV. DEPTH DEPTH TYPE DEPTH DEPTH DEPTH DEPTH VEL. VEL. 

0 2054.8 0 0 O-NF 0 0 0 0 0 0 

~ ~ . .. . 
180 2059.39 4.59 4.59 1-S2n I .45 3.04 1.84 '1.49 18.29 8.05 
200 2059.73 4.93 4.93 1-S2n 1.56 3.26 2.01 1.58 18.56 8.33 

El. inlet face invert 2054.8 ft El. outlet invert 2052.6 ft 
El. inlet throat invert 0 i t  El. inlet crest o f t  

SR410 



Hwy 74 at C450A 



. I 

CLIENT 



STATE ROUTE 7 * ~ R T  ANALYSIS 

PERFORhr CURVE FOR CULVERT 8 (R)) 

01s- HEAD- INLET OUTLET 
CHARGE WATER CONTROL CONTROL FLOW NORMAL CRIT. OUTLET TW OUTLET TW 
FLOW ELEV. DEPTH DEPTH TYPE DEPTH DEPTH DEPTH DEPTH E L .  VEL. 

El. inlet face invert 2049.8 ft El. outlet invert 2049.3 fl 
, El. inlet throat invert 0 ff El. inlet crest 0 ft 

\=LI=LI PERFORMCURVE FOR CULVERT 5 

DIS- HEAD- INLET OUTLET 
CHARGE WATER CONTROL CONTROL FLOW NORMAL CRIT. OUTLET TW OUTLET TW 
FLOW ELEV. DEPTH DEPTH TYPE DEPTH DEPTH DEPTH DEPTH E L .  VEL. 

0 2048.65 0 0 0-NF 0 0 0 0 0 0 
14 2049.49 0.84 0.84 1S2n 0.33 0.55 0.39 0.5 6.03 2.53 
26 2049.99 1.34 1.34 lS2n 0.58 0.88 0.61 0.76 7.59 3.22 
42 2050.4 1.75 1.75 1S2n 0.76 1.15 0.81 0.96 8.61 3.69 
56 2050.77 2.12 2.12 1-S2n 0.93 1.4 1 1.13 9.37 4.05 
70 2051.11 2.46 2.46 1S2n 1.08 1.62 1.18 1.28 9.88 4.35 
84 2051.44 2.79 2.79 1S2n 1.22 1.83 1.35 1.42 10.37 4.61 
98 2051.75 3.1 3.1 IS& 1.36 2.03 1.51 1.55 10.83 4.84 

112 2052.04 3.39 3.39 IS2n 1.5 2.22 I .67 1.67 11.2 5 M . . .- 
126 2052.32 3.67 3.67 1S2n 1.62 2.4 1.82 1.78 11.55 5.22 
140 2052.59 3.94 3.94 1S2n 1.74 2.57 1.97 1.89 11.83 5.39 

El. inlet face invert 2048.65 ft El. outlet invert 2047.9 fl 
~~ ~ ~- .. 

El. inlet throat invert 0 fl El. Inlet crest 0 ft - PERFOWCURVE FOR CULVERT 8 (fl)) 

DIS- HEAD- INLET OUTLET 

RCB 

RCB 

RCB 
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Figure 5.26 
Headwater Depth for Box Culverts with Inlet Control 

(USDOT. FHWA. HDS-5, 1985) 
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Figure 5.26 
Headwater Depth for Box Culverts with Inlet Control 

(USDOT. FHWA. HDS-5, 1985) 
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Hwy 74 at CTW460 



STATE ROUTE 74-CULVERT ANALYSIS Md4' 
17 36 2038.69 1.59 1.59 14211 0.98 1.04 0.98 0.88 6.12 3.48 
Y, 54 2039.18 2.08 2.08 14211 1.28 1.36 1.16 1.11 7.74 

72 2039.63 2.53 
3.98 - 2.53 I-S2n 1.57 1.65 1.45 1.31 8.27 4.36 

90 2040.04 2.94 2.94 14% 1.84 1.92 1.72 
108 2040.43 3.33 

1.48 8.74 4.68 
-I- 3.33 1-S2n 2.1 2.16 2.09 1.64 8.6 4.95 

2 126 2040.79 3.89 3.69 1-S2n 2.34 2.4 2.3 1.79 9.14 5.18 

\n 
144 2041.14 4.04 4.04 14% 2.59 2.62 2.52 1.93 9.52 5.4 
162 2041.47 4.37 4.37 lS2n 282 2.84 '2.74 2.05 9.87 
180 2042.26 4.71 

5.59 
5.76 

El. invert 2037.1 ft El. outlet invert 2036.8 ft 
throat invert on El. inlet crest o n 

6 (fi)) RCB 

CHARGE WATER CONTROL CONTROL FLOW N O R M  CRIT. OUTLET NV OUTLET TW FLOW ELEV. DEPTH DEPTH TYPE DEPTH DEPTH DEPTH DEPTH VEL. VEL. 

(ds).. .. (ft) (fi) (n) <F4> (ft) (n) (ft) (n) f i  ('PS)) 

0 2043.2 0 0 C-NF 0 0 0 0 0 0 
56 M43.52 0.32 0.32 13211 0.17 0.39 0.19 0.77 7.21 

112 2043.82 0.62 0.62 14211 
3.37 &,>+.' C7tuVdo 

0.34 0.63 0.33 1.16 8.59 4.32 
168 2043.99 0.79 0.79 1S2n 

ptfiar rpz { ~ s g c f f  
0.51 0.82 0.56 1.47 7.46 

224 2045.03 0.97 1.83 3-Mlt 0.64 0.99 1.74 c&) 
280 2045.23 1.14 2.033-Mlt 0.73 1.15 I .  3.22 E & d m & )  f&+*&rn) 5 

1.98 1.98 3.54 
336 2045.46 1.29 2.26 3-Mit 5.91 +- 

0.82 1.3 2.2 2.2 3.83 
392 2045.95 1.42 2.753Mlt 0.9 1.44 2.4 2.4 4.09 : ~ p f ~ ~ ~  b 
448 2046.19 1.56 2.995Mlt 0.99 1.58 2.59 2.59 4.33 
504 2046.44 1.69 3.243-Mlt 1.08 1.71 2.77 2.77 4.58 6.88 7.14 ~ ' 4 4  , '93 
5w m . 7  1.82 

/6$ 

El. inlet face invert 2043.2 ft El. outlet invert 2042.5 n 
El. inlet throat invert 0 ff El. inlet crest o n Mo f ,  r 

2049. t I )  E ~ C / M * ~ J  w 1 ~ 7  fiemo,rr.+ 

8 (n)) I$#'&* rhraal / 3 s o  

CHARGE WATER CONTROL CONTROL FLOW NORMAL CRIT. OUTLET TW OUTLET TW 

rd 
0 0-NF 0 0 0 

42 2037.53 
0 

0.83 0.83 1S2n 0.18 0.52 0.22 0.59 
84 2037.94 1.24 1.24 1S2n 0.37 0.82 0.42 0.89 

126 2038.33 1.63 
I 0  4.35 

1.63 1S2n 0.55 1.07 
168 2038.67 1.97 1.97 14211 0.73 1.3 0.82 1.33 10.24 9.15 ,.,, Ykg &~e5U4mk*d 0.57 1.13 10.97 5.03 (*,a . 

Fc * $' ,jd filro M~~ Wp 1-k~  bke &.*'- 
0 L , ~ + p a ~  A ~ - B u ~ \ + ~  
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Figure 5.26 
Headwater Depth for Box Culverts with Inlet Control 

(USDOT. FHWA. HDS-5, 1985) 





Hwy 74 at C580A 



7 LETI  OF ' I  ,@ Entellus BY U!f DATE f///d 
C H E C K  DATE 

a CLIENT Fcp 





C STATE ROUTE ANALYSIS 

El. inlet face invert 2020.1 ft El. outlet invert 2019 fl 
El. inlet throat invert 0 fl El. inlet crest 0 fl m 
PERFORWCURVE FOR CULVERT 5 (n)) 

DIS- HEAD- INLET OUTLET - - 

CHARGE WATER CONTROLCONTROLFLOW NORMAL CRi.T. OUTLET TW OUTLET TW 
FLOW ELEV. DEPTH DEPTH TYPE DEPTH DEPTH DEPTH DEPTH VEL. VEL. 

0 2015.5 0 0 0-NF 0 0 0 0 0 0 
42 2015.85 0.35 0.35 1-S2n 0.21 0.39 0.19 0.65 7.21 3.04 
84 2016.11 0.61 0.61 1-S2n 0.43 0.63 0.46 0.98 6.12 3.9 

126 2016.3 0.8 0.8 1-S2n 0.57 0.82 0.52 1.24 8.08 4.51 
168 2016.49 0.99 0.99 1-S2n 0.68 0.99 0.72 1.47 7.74 4.98 
210 2016.64 1.14 1.14 1S2n 0.78 1.15 0.84 1.67 8.31 5.37 
252 2016.78 1.28 1.28 I S 2 n  0.89 1.3 0.96 1.86 6.73 5.71 
294 2017.93 1.43 2.43 3-Mlt 1 1.44 2.03 2.03 4.82 6.01 
336 2018.22 1.57 2.72 3-Mlt 1.08 1.58 2.2 2.2 5.1 6.27 
378 2018.52 1.69 3.02 3-Mlt 1.16 1.71 2.35 2.35 5.36 6.52 
420 2018.61 1.81 3.11 3-Mlt 1.25 1.83 2.49 2.49 5.61 6.74 

El. inlet face invert 2015.5 ft El. outlet invert 2014.9 ft 
El. inlet throat invert 0 fl El. inlet crest 0 fl 

SR660 
PERFORV CURVE FOR CULVERT 4 

DIS- HEAD- iNLET OUTLET 
CHARGE WATER CONTROL CONTROL FLOW NORMAL CRIT. OUTLET TW OUTLET T W  

RCB 

RCP 
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Figure 5.26 
Headwater Depth for Box Culverts with Inlet Control 

(USDOT. FHWA. HDS-5, 1985) 



Hwy 74 at CWI578 



CLIENT - 
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0 - N 

- - 9 ; ,,;: : ; i- 
,4 

- -. \ - m  -. 5 : -  
--.e 
; t r :  

I 
" I ' I '  ' ' I 

o in b, j ; J N  b .O r  
.A0 

I I I ' [ - ' I  8 , ,  
7 

" I "" ' 8 ( 1 
- 

U U m -4 - I N  
h) m ( D g  b u - d  A 0 ) - , ; : -  

' 1 ' 1  I * m m L l  a l a 8  

m 0 6 - 
N 

W 
in 





STATE ROUTE 74- VERT ANALYSIS @ 
-- I 

PERFOR~CURVE FOR CULVERT I - BY 5 (n)) 

DIS- HEAD- INLET OUTLET 
CHARGE WATER CONTROLCONTROLFLOW N O W  CRIT. OUTLET TW OUTLET TW 
FLOW ELEV. DEPTH DEPTH TYPE DEPTH DEPTH DEPTH DEPTH VEL. VEL. 

0 O-NF 
3.05 l-Szn 
466 1 ~ 2 n  
6.09 S 2 n  
8.14 5 S m  

10.84 5S2n 
11.72 6S2n 
14.57 6SZn 
17.87 6S2n 
21.61 6S2n 

El. inlet face invert 1992.4 R El. outlet invert 1991.2 ft 
El. inlet throat invert 0 ft El. inlet crest 0 fi 

SR730 
PERFOR~V CURVE FOR CULVERT 4 (n)) 

DIS- HEAD- INLET OUTLET 
CHARGE WATER CONTROL CONTROL FLOW NORMAL CRIT. OUTLET TW OUTLET TW 
FLOW ELEV. DEPTH DEPTH TYPE DEPTH DEPTH DEPTH DEPTH VEL. VEL. 

0 1991.2 0 0 O-NF 0 0 0 0 0 

El lnlet face lnvert 1991.2 R El. outlet invert 1990 fl 
El ~nlet throat lnveft 0 R El. Inlet uest 0 R 

SR740 
PERFORk CURVE FOR CULVERT -. 

RCP 

RCP 

RCB 
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Hwy 74 at CWI570 





Hwy 74 at CWI566 



116 1994.14 5.44 5.44 sS2n 2.9 3.24 2.96 1.89 11.66 5.2 
145 1995.65 6.95 6.35 2-M2c 4 3.54 3.54 2.13 12.34 5.54 
174 1997.54 8.84 8.09 2-M2c 4 3.84 3.84 2.35 14.13 5.84 
203 1999.76 11.06 9.92 63211 4 4 3.9 2.54 16.37 6.09 
232 2002.29 13.59 11.98 ES2n 4 4 3.9 2.73 18.71 6.32 
261 2005.16 16.46 14.32 6S2n 4 4 3.9 2.9 21.04 6.53 
290 2008.49 19.79 16.92 64.211 4 4 3.9 3.06 23.38 6.72 

El. inlet face invert 1988.7 ft El. outlet invert 1987.9 ft 
El. . inlet throat invert 0 ft El. inlet crest 0 ft rzizd - 
PERFORb CURVE FOR CULVERT 

DIS- HEAD- INLET OUTLET 
CHARGE WATER CONTROL CONTROL FLOW NORMAL CRIT. OUTLET TW OUTLET TW 
FLOW ELEV. DEPTH DEPTH TYPE DEPTH DEPTH DEPTH DEPTH VEL. VEL. 

0 1986.4 0 0 0-NF 0 0 0 0 0 
11 1986.79 0.39 0.39 1-S2n 0.07 0.25 0.05 0.25 15.15 
22 1986.98 0.58 0.58 1-S2n 0.13 0.39 0.09 0.38 15.36 
33 1987.16 0.76 0.76 14211 0.2 0.51 0.25 0.48 8.24 

~ ~- -~. 
99 1987.99 1.59 1.59 1-S2n 0.5 1.06 0.55 0.91 11.32 

110 1988.1 1.7 

El. inlet face invert 1986.4 ft El. outlet invert 1984.3 R 
El. inlet throat invert 0 ft El. Inlet crest 0 fl 

rGZz3 
PERFORV CURVE FOR CULVERT 6 (ft)) 

DIS- HEAD- INLET OUTLET 
CHARGE WATER CONTROL CONTROL FLOW NORMAL CRIT. OUTLET TW OUTLET TW 
FLOW ELEV. DEPTH DEPTH TYPE DEPTH DEPTH DEPTH DEPTH VEL. VEL. 

Page 32 of 36 + flatr, I/O/af 
. r*f:4.,J. I .  ..,a . 

RCB 

RCB 
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Figure 5.26 
Headwater Depth for Box Culverts with Inlet Control 

(USDOT. FHWA. HDS-5. 1985) 
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Figure 5.26 
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STATE ROUTE 7 ',VERT ANALYSIS C 
El. inlet m throat invert 0 fl El. inlet aest 

- - 
PERFORk CURVE FOR CULVERT 

CHARGE WATER CONTROL CONTROL FLOW NORMAL CRK. OUTLET TW OUTLET TW 
FLOW ELEV. DEPTH DEPTH TYPE DEPTH DEPTH DEPTH DEPTH VEL. VEL. 
(Cfs). .(,ft) (ft) (fl) <F4> (ft) (fi) 0% (fl) (fps)~) 

0 1973.75 0 0 O-NF 0 0 0 0 0 
13 1974.37 0.32 0.62 2-M2c 0.61 0.38 0.38 0.32 3.46 
26 1974.71 0.58 0.96 2-M2c 0.97 0.6 0.6 0.49 4.37 
39 1974.99 0.76 1.24 2-M2c 1 26 0.78 0.78 0.62 5 
52 1975.24 0.93 1.49 2-M2c 1.53 0.95 0.95 0.74 5.5 
65 1975.47 1.08 1.72 2-M2c 1.78 I .I 1.1 0.84 5.92 
78 1975.65 1.22 1.9 2-M2c 2.02 1.24 1.24 0.94 6.3 
91 1975.89 1.36 2.14 2-M2c 2.23 1.37 1.37 1.03 6.63 

104 1976.06 1.49 2.33 2-M2c 2.45 1.5 1.5 1.11 6.93 
117 1976.26 1.61 2.51 2-M2c 2.86 1.62 1.62 1.19 7.21 

Outlet invert 
El. inlet 

1973.7 ft 
Ulroat invert 

SR9M 
0 fl El. inlet crest 0 fl 

CHARGE WATER CONTROL CONTROL FLOW NORMAL CRIT. OUTLET NV OUTLET TW 
FLOW ELEV. DEPTH DEPTH TYPE DEPTH DEPTH DEPTH DEPTH VEL. VEL 
(cis), , , (fi) (fl) (ft) CF4, (ft) (fl) (fi) (fi) f i  (fps)(fps) 

0 1978.8 0 0 0-NF 0 0 0 0 0 
31 1961.04 2.24 2.24 1 -~2n  0.87 1.65 0.92 0.63 14.12 
62 1982.16 3.36 3.38 1S2n 1.24 2.37 1.37 0.94 16.21 
93 1983.23 4.43 4.43 5S2n 1.54 2.91 1.77 1.18 17.27 

124 1984.56 5.76 5.76 6S2n 1.81 3.32 2.12 1.39 18.31 
155 1986.31 7.51 7.51 5S2n 2.06 3.65 2.44 1.57 19.34 
186 1988.46 9.66 9.66 5S2n 2.31 3.97 2.73 1.73 20.38 
217 1990.99 12.19 7.87 6S2n 2.56 4 3 1.88 21.51 
248 1993.87 15.07 10.19 6S2n 2.82 4 3.27 2.02 22.6 
279 1997.2 18.4 12.81 6SZn 3.12 4 3.56 2.16 23.65 

outlet invert 
El. inlet throat invert 0 fl 1975.1 it 

El. inlet crest 0 it 
SR960 

PERFORb CURVE FOR CULVERT 1 - I (  4 (fi) BY 

5 (ft)) RCB 
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Figure 5.26 
Headwater Depth for Box Culverts with Inlet Control 

(USDOT. FHWA. HDS-5, 1985) 
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6 { ' ' ~ E E T L  OF 

BY df DATE 

C H E C K  DATE 

JOB NAME ~ A / / & A H ~  flC'/??f? JOB NO. ?/UP.? ?. 





STATE ROUTE 7 mRT ANALYSIS 

.... ~~~ ~ 

50 1985.3- - - 1.4 1.4 1-~2n 0.59 0 . ~ - - E 5 2  0.71 9.6 3.27 
60 1985.48 1.58 "'"t:58 1s2n 0.88,~-~%04 0.7 0.8 8.57 3.49 I 
70 1985.65 1.75 1.75 1-S%-.-,,-0%?. 1.15 0.78 0.87 8.94 3.69 
80 1985.81 1.91 1.91 15% *'0;7~ --_-_ 126 0.86 0.94 9.33 3.87 j 
90 1985.97 2.07 ,,,- ..2i07?S2n 0.86 1.01 9.65 4.04 1 

100 1986.12 ,..222 2.22 1S2n 0.93 4.2 ! 
! 

El. inlet face Invert 1983.9 fl El. outlet invert 
tnlet -A- throat--.invert---.. -----0-R---~---Et.. -inlet . . aest . - .  . . O.ft - -  .-- 

SRIOZO 
PERFORtv CURVE FOR CULVERT . .. . . . . , 1 - I( 5 (ft) BY 5 RCP 
PAAAAA ~- ~~ ~- ~~ 

DIS- HEAD- INLET OUTLET 
CHARGE WATER COMROLCOMROLFLOW NORMAL CRIT. OUTLET TW OUTLET TW 
FLOW ELEV. DEPTH DEPTH TYPE DEPTH DEPTH DEPTH DEPTH VEL. VEL. 

0 1975.96 0 0 0-NF 0 0 0 0 0 0 
70 1979.3 3.34 3.34 1S2n 1.67 2.35 1 .8 1.14 10.96 5.01 

140 1981 5.04 5.04 SS2n 247 3.38 2.7 1.68 12.94 6.22 
210 1983 7.04 7.04 SS2n 3.19 4.1 3.46 2.1 14.47 7.03 
280 1985.83 9.87 9.87 5S2n 4.02 4.83 4.22 2.46 15.9 7.64 
350 1989.51 13.55 11.45 6 ~ 2 n  5 5 4.9 2.77 18.01 8.14 
420 1993.94 17.98 14.76 6S2n 5 5 4.9 3.04 21.62 8.57 
490 1999.24 23.28 18.66 6S2n 5 5 4.9 3.3 25.22 8.95 
560 2006.19 30.23 23.17 -a 5 5 4.9 3.54 78~87 9 7R ~ ~ - ~ ~ 

630 2016.54 40.58 28.28 6S2n 5 5 4.9 3.75 32.42 9.59 
700 2033.47 57.51 33.99 6S2n 

El. inlet face Invert 1975.96 fl El. . wtlet Invert 1974.9 ft . . . . . . . . 
inlet throat invert 0 fl 0. Inlet a e s t  0 ft 

PERFORW CURVE FOR CULVERT 8 (ft)) RCB 

DIS- HEAD- INLET OUTLET 
8 CHARGE WATER CONTROL CONTROL FLOW NORMAL WIT. OUTLET TW OUTLET TW 

Page 4 of 36 



STATE ROUTE 7 .VFXTANALYSIS 

El. inlet face invert 1977.4 R El. outlet Invert 1976.5 R 
inlet i hmt  invert 0 R El. inlet m s t  0 R - PERFORkCURVE FOR CULVERT 8 (ft)) 

DIS- HEAD- INLET OUTLET 
CHARGE WATER CONTROL CONTROL FLOW NORMAL CRIT. OUnET TW OUTLET TW 
FLOW ELEV. DEPTH DEPTH TYPE DEPTH DEPTH DEPTH DEPTH E L .  VEL. 

270 1978.13 1.33 1.33 1S2n 0.77 1.36 0.83 1.74 10.81 6.63 
360 1978.44 I .64 1.64 1S2n 0.92 1.65 1.02 2.05 11.75 7.29 
450 1976.69 1.89 1.89 1S2n 1.05 1.92 1.21 2.33 12.44 7.84 
540 1978.94 2.14 2.14 1S2n 1.19 2.16 1.39 2.58 12.92 8.31 
630 1979.19 2.39 2.39 1S2n 1.32 2.4 1.56 2.82 13.46 6.72 
720 1979.4 2.6 2.6 1S2n 1.45 2.62 1.72 3.04 13.95 9.09 
810 1979.61 2.81 2.81 lS2n 1.59 284 1.9 3.24 14.25 9.43 
900 1979.82 3.02 3.02 152n 1.7 3.04 2.04 3.44 14.7 9.73 

El. inlet face invert 1976.8 R El. outlet Invert 1975.3 ft 
El 

! s a  
inlet throat invert 0 R El. iniet crest 0 f t  

PERFORkCURVE FOR CULVERT 8 (fill 

DIS- HEAD- INLET OUTLET 
CHARGE WATER CONTROL CONTROL FLOW NORMAL CRIT. OUTLET TW OUTLET TW 
FLOW ELEV. DEPTH DEPTH TYPE DEPTH DEPTH DEPTH DEPTH VEL. VEL 
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El. inlet face invert 1976.42 fl El. outlet Invert 1974.7 R 
El. inlet throat invert 0 R El. Inlet crest 0 ft 

SR1070 
PERFORk CURVE FOR CULVERT 

DIS- HEAP INLET OUTLET 
CHARGE WATER CONTROL COMROL FLOW NORMAL CRIT. OUTLET TW OUTLET TW 
FLOW ELEV. DEPTH DEPTH TYPE DEPTH DEPTH DEPTH DEPTH E L .  VEL. 

0 1984.8 0 0 O-NF 0 0 0 0 0 

El. inlet face invert 1984.8 R El. wtlet Invert 1982.8 fl 
El. inlet throat invert 0 R El. Inlet crest 0 ft 

SR19 0 
PERFORk CURVE FOR CULVERT I - 
DIS- HEAD- INLET OUTLET 
CHARGE WATER CONTROLCONTROLFLOW NORMAL CRIT. OUTLET TW OWLET TW 
FLOW ELEV. DEPTH DEPTH TYPE DEPTH DEPTH DEPTH DEPTH E L .  VEL. 

0 2029.4 0 0 OrNF 0 0 0 0 0 
44 2032.49 2.76 3.09 2-M2c 1:92 1.84 1 .84 0.99 6.69 
88 2033.96 4.21 4.56 2-M2c 2.67 2.65 2.65 1.46 8.32 

132 2035.21 5.69 5.81 2-M2c 3.88 3.28 3.28 1 .a4 9.69 
176 2036.92 7.52 7.27 ZM2c 5 3.79 3.79 2.15 11.06 
220 2039.29 9.89 9.61 2-M2c 5 4.18 4.18 2.42 12.59 
264 2042.31 12.91 12.66 2-M2c 5 4.51 4.51 2.67 14.17 
308 2046.02 16.62 16.07 2-M2c 5 4.84 4.84 2 9  15.96 
352 2050.39 20.99 19.8 5S2n 5 5 4.9 311 18 17 

5 (R)) CSP 
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Figure 5.26 
Headwater Depth for Box Culverts with Inlet Control 





D.5.1. CAP Split Data 



nteEus 
CLIENT: FCDMC 

APPENDIX D.5.1 

JOB NO. 310.032 

JOB: Wittmann Area Drainaae Master Studv Udate 

Diversion Calculations Based on Ponding at STORI along CAP Canal: 

In order to determine the Split Flows at the CAP Canal, the following table was utilized in which the relative percentage of flow through the routesidiversions was calculated based upon the CAP structures flowing into the routes. As shown below, 
structure CAP070 flows through diversion DCAP07, etc. The flows for the various structures as calculated in Appendix D.4 are shown in the table below. The flows were utilized to calculate the percentage of flow that will pass through a giveHEC-1 

diversion at a given stage. The Peak Stage as determined by the HEC-1 output is 1555.2. 

Route 

I 

Basin Weir Flow 
15540 ---.-- 

Sum 16005 
0, _.._._, 1 001 

I I I I I 

Basin Weir Flow I Basin Weir Flow I Basin Weir Flow I Basin Weir Flow I Basin Weir Flow I Basin Weir Flow I Basin Weir Flow I Basin Weir Flow 1 Basin Weir Flow I ! I Basin Weir Flow 
I co?n I I 144n I I 1 7 7 G 7  I I 7 0 R 7  I I 7 7 E l  I I RRQ? I I 7 6 1 6  I I I I fi707 

I 
DCAPl2 

CAP120=I 480 

1557 

a DCAP* is a diversion from STORl to STOR2. This occurs when the Ponding elevation surpasses 1552 

Storage Area 
sa. mi 

DCAPIO 
CAPlOO=1 480 

I 
1558 

I 

Basin Weir Flow 
1 16796 .-.-.-.---.-.-.-------- 1 17261 
I *no, 

/O UI IUUII I J / O  I I I Y m  I 1 L / O  I I L I T 0  1 1 1 d 1 0  1 I d l 0  I 1 1 1 0  1 I I 1 1 0  1 I L G , O  I I I I l Y l D  

CAPOGO= I 440 1 CAP070 = 1 440 I CAP080 = I  440 I CAP090 = I  455 lCAPlOO =I 465 1 CAP110 = 1 465 I CAP120=I 455 [CAP130=1 455 ICAP140=I 415 I DCAP' = 1 13000 1 I 
I I I I I I I I I I I I I I I I I I I I 

100-yr, 24-hr Existing 40 1 53.75 1 80 
Peak Stage 1 1555.29 1 1555.23 1 1555.12 1 

DCAP13 
CAP130=1 480 

DCAPI I 
CAP110 = 1 480 

I 

DCAPO7 
CAP070 = 1 465 

I 

RW1542 
CAPOGO = I 465 

I 

Storage Area 
sa. mi 

I 

Basin Weir Flow 
3139 
3604 

1 901 

100-yr, 6-hr Existing i s  1 53.75 1 90 
Peak Stage ) 1555.52 1 1555.01 1 1554.52 1 

DCAPO8 
CAPO80 = I  465 

I 

Storage Area 

RDCPOT 

I 
DCAP14 

C~P140=1 430 
DCAPOS 

CAPO9O=I 480 
I 

Basin Weir Flow 
37487 ----.-.-.- 
37967 

I 9 4 0 ,  

Storage Area 

I 
DCAP* 

DCAP* = 1 24000 
I 

100-yr, 24-hr Future 40 1 53.75 1 80 
Peak Stage 1 1555.72 1 1555.67 1 1555.58 1 

Basin Weir Flow 
26797 
27277 

I ICW 

100-yr, 24-hr Future i s  1 53.75 1 90 
Peak Stage 1556.02 1 1555.62 1 1555.24 1 

Basin Weir Flow 
8438 .-.-.-.----- ---.-.---.- 
8918 

I COL 

Basin Weir Flow 
9223 -.-------. 
9703 

1 C O L  

Basin Weir Flow 
19495 .---.-..-.-- 
19975 

I 4 * 0 L  

Basin Weir Flow 
21256 --.-.----.---- 
21686 

I 110L I 

Basin Weir Flow 
18093 ----.------ --.-.. 
18093 

I 4"Dl 



APPENDIX 0.5.1 

JOB NO. 310.032 

Diversion Calculafions Based on Ponding at STOR2 along CAP Canal: 

In order to determine the Split Flaws at the CAP Canal, the following table was utilized in which the relative percentage offlow through the routesidiversions 
was calculated based upon the CAP structures flowing into the routes. As shown below, structure CAP150 flows through diversion DCAP16, etc. The flaws 

for the various structures as calculated in Appendix 0.4 are shown in the table below. The flows were utilized to calculate the percentage of flow that will 
pass through a given HEC-1 diversion at a given stage. The Peak Stage as determined by the HEC-1 output is 1552. 

Route 
I I I I I I 

Q) 

1554 m 
G 

1552 

1550 

1546 

1544 

Storage Area Storage Area 
$9. mi sq. mi 

IOOyr, 24-hr Existing 20 1 39.36 1 40 IOOyr, 6-hr Existing 16 1 39.36 1 90 
Peak Stage 1 1550.40 1 1550.13 1 1550.12 1 Peak Stage 1 155040 1 1550.06 1 1549.33 1 

,558 

1557 

Storage Area 
sa. mi 

DCAP15 DCAP16 DCAPl7 DCAP18 DCAP19 RDCPOT 
c / \ p q ~ o =  1 465 1 WPIGO= 1 1560 I CAP17O= I C,20 ICAVlBO=I 520 ICA*lSO=I 1560 I I 

IOOyr, 24.hr Future 20 I 39.36 1 40 
Peak Stage ) 1553.32 1 1552.73 1 1552.71 1 

Storage Area 
sa. mi 

I 
Basin Weir Flow 

looyr ,  24.hr Future i s  I 39.36 1 go 
Peak Stage 1 1553.88 1 1553.01 1 1551.12 1 

CAP150 = 

I 
Basin Weir Flow 

8610 
9075 
11% 

455 CAP160 = 

I 
Basin Weir Flow 

14876 -,----.-.,-.-.-.-.-.-.-.- 
16436 
20% 

1440 

Basin 

.----- 

CAP180= CAP170= 

!Z?L 
16244 
20% 

480 

Weir Flow 
6866 .---.-. 
7386 
9% 

480 

I 
Basin Weir Flow 

18093 
18093 
22% 

I 
Basin Weir Flow 

CAP19O= 

12532 -----.-.-.-.-.-.- 
14092 
17% 

1500 



D.5.2. US 60 (Grand Ave) Diversion Data 
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US60 and BNSF 
Railroad Culverts 

1) Summary Spreadsheet 

2) Memo 3 -3 1-4 (regarding modeling 
procedures) 

3) Typical Calculations sheet and 
structure ID'S 

4) Stage - Diversion / Storage 
Estimations by Structure ID 



a Existing Structures - BNSF Railroad 

Page 1 of 2 



Existing Structures - BNSF Railroad 

B) Culvert was modeled with a diversion to the next downstream CP or significant culvert. 
C) Culvert was modeled but was found to not have any significant diversion or storage. 
D) Culvert was not modeied because it has a larger capactiy than upstream US60 culverts. 
E) Culvert was not modeied because it was assumed it will not cause significant storage or diversion. 
F) Culvert has insignificant capacity 

Station2: Stations are by railroad milepost and correspond to LTM Survey 
Concentration Point ID ': Concentration point ID at railroad or US60 that main flow path from the structure contributes to. 
~ p e '  : CMP- Corrugated Metal Pipe 

RCP- Reinforced Concrete Pipe 
HPA- High Profile Arch 
RCB- Reinforced Concrete Box 
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e Existing Structures -Highway 60 

Modeling Notes 
A) culvert was not modeled because it has a larger capacity than the upstream railroad cuiverts. 
8) Culvert was modeled. 
C) Culvert was not modeled because all flow was assumed to pass through culvert(s) at the basin CP. 

~~~e~ : CMP- Corrugated Metal Pipe 
RCP- Reinforced Concrete Pipe 

e RCB- Reinforced Concrete Box 
Bridge 
PC- Pipe Culvert 

station3: Stations are from US 60 As-Builts 

0 
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Phone ' (602)244-2566 
Fax (602)244-8947 
Webstte www entellus corn 

TO: 

FROM: 

JOB NO.: 

DATE: 

Attendees 

RAS, Entellus 

310.032 

03/3 1/04 

Wittmann ADMSU- Meeting - Reeardine - - US 60 and Railroad Culvert Modeling 

MEMORANDUM 

Re: Project qeetin a t  Entellus 
March 30 ,200 5 

Attendees: Collis Lovely Entellus Ryan Sauer Entellus 
Jacob Sweetlng Entellus 

The following is a summary of items that were discussed and concluded during the meeting of the 
above referenced project. 

SUMMARY OF MEETING 

Conclusions were made as to which culverts should be modeled along the Railroad and the US 

e 60. The following is a detailed description of the decisions made. 

CIW371 
Current Modeling Method: 

Diversion to CIW374 based on capacity of RR040 
Final Modeling Method: 

No change 
Final Structure Decision: 

RR010-RRO30 Ignore (small contributing area-all flow passes) 
RR040 Model 
USOO1-US003 Ignore (small contributing area-all flow passes) 
US004 Ignore, RR040 is controlling structure 

CIW374 
Current Modeling Method: 

No diversion 
Final Modeling Method: 

No change: any potential diversion is blocked by US 60 and ends up in same basin 
as CIW374 

Final Structure Decision: 
RR050 Ignore (can pass all flow to structure) 
US005 Ignore (can pass all flow to structure) 
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CIW381: 
Current Modeling Method: 

No diversion 
Final Modeling Method: 

Receives Diversion from CIW382 
Final Structure Decision: 

RR060 Ignore (can pass all flow to structure and all passing flow is 
assumed to go to CIW381 

US006A & US006B Ignore (can pass all flow to structure) 
USOO7-US008 Modeled as diversion to CIW381 from CIW382 

CIW382: 
Current Modeling Method: 

RR090 is controlling 
US01 I can pass anything flow through RR090 
US008 is ignored, as well as RR070, RR080, RRlOO 
Assumed diversion to CIW384 passed on RR090 

Final Modeling Mefhod: 
Model RR090 and RRlOO together as capacity for CIW382 
Model diversion to CIW381 through US006 and US007 
Modify diversion to CIW384 based on added diversion and RRlOO 

Final Structure Decision: 
RRO70-RR080 Ignore (US070-080 controlling) 
RRO90-RR100 Model as flow passing to CIW382 
US009 Ignore (insignificant compared to USO10) 
US010 Ignore (can pass all flow passing through US007-008) 
US01 1 Ignore (RRO90- 100 controlling) 

CIW384 
Current Modeling Method: 

No Diversion 
Final Modeling Method: 

No change 
Final Structure Decision: 

RRllO Ignore (can pass all flow to structure) 
US012 Ignore (can pass all flow to structure) 

IW388 
Current Modeling Method: 

No Diversion 
Final Modeling Method: 

No change 
Final Structure Decision: 

RR120 Ignore (no significant contributing area) 
RR130-RR160 Ignore (can pass all flow to structure) 
USO13-US014 Ignore (no significant contributing area) 
US01 5-US01 8 Ignore (can pass all flow to structure). 
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CIW312 
Current Modeling Method: 

Diversion to CIW365 
Final Modeling Method: 

No change 
Final Structure Decision: 

RR170 Model as flow to CIW3 12 
US020 Ignore (can pass all flow to structure) 

CIW365 
Current Modeling Method: 

Diversion to CIW367 based on RR190 only. 
Final Modeling Decision: 

Capacity of both RR190-200 included in diversion calculation to CIW367 
Final Structure Decision: 

RR180 Ignore (insignificant compared to capacity of RR190-200, 
and it does not appear to be receiving any flow: invert very 
different from other structures) 

RR190-WOO Model together as flow to CIW365 
US050 and US080 Ignore (can pass all flow to structure) 

CIW367 
Current Modeling Method: 

No diversion. 
Final Modeling Decision: 

No change 
Final Structure Decision: 

RR210-RR230 Ignore (can pass all flow to structure) 
US090 Assume flow passing gets to CIW367 
US110 Ignore (can pass all flow to structure) 

CIW369 
Current Modeling Method: 

Diversion to CIW368: model RR240 
Final Modeling Method: 

No change 
Final Structure Decision: 

RR240 Model as flow to CIW369 
US130 Ignore (can pass all flow to structure) 

CIW368 
Current Modeling Method: 

Diversion to CIW370 based on capacity of RR240 only 
Final Modeling Method: 

Remove diversion to CIW370. RR280 flows back to CIW368 and this creates a 
worst-case scenario for Circle City, which is immediately downstream. Any 
diversion that might occur to CIW370 would be relatively insignificant. 
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Final Structure Decision: 
RR250-RR260 Any flow from these structures does not cross US60 until 

structure US160 at CIW368. Ignore structure and assume 
all flow passes to US160. 

RR270 Ignore (can pass all flow to structure) 
US160 Ignore (can pass all flow to structure) 

CIW370 
Current Modeling Method: 

No diversion 
Final Modeling Method: 

No change 
Final Structure Decision: 

RR280-RR300 Ignore (small contributing area) 
RR310 Ignore (can pass all flow to structure) 
US200 Ignore (small contributing area) 
US2 10 Ignore (can pass all flow to structure) 

CIW372 
Current Modeling Method: 

Diversion to CIW375 based on RR340 
Final Modeling Method: 

Model Diversion to CIW375 based on capacities of W 4 0 ,  W 5 0  and RR.360 
Final Structure Decision: 

RR320-RR330 Ignore (insignificant) 
RR340-RR360 Model as flow passing to CIW372 
US220, US240 Ignore (insignificant) 
US270, US290 Ignore (can pass all flow to structure), but assume all flow 

through structures ends up at CIW372 
CIW375 

Current Modeling Method: 
Diversion to CTW448 

Final Modeling Method: 
Remove diversion to CTW448. Culverts can handle all flow. This eliminates the 
problem of a diversion crossing multiple basin boundaries. 

Final Structure Decision: 
RR370 Ignore (can pass all flow to structure) 
RR380 Ignore (small contributing area) 
US310 Ignore (can pass all flow to structure) 
US330 Ignore (small contributing area) 

CTW448 
Current Modeling Method: 

Diversion to CTW450 
Final Modeling Method: 

Add concentration point TW446A (splitting TW446) at the US60. The flow 
through CTW448 only includes the capacity of RR410. A new diversion will be 
inserted at C446A and divert flow to CTW450. The flow through to C446A 
includes the capacities of culverts RR420 and RR430. 
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Final Structure Decision: 
RR390-RR400 Ignore (small contributing area) 
RR410 Model as flow passing through to CTW448 
RR420-RR430 Model as flow passing through to C446A 
US350 Ignore (small contributing area) 
US370, US420 Ignore (can pass all flow to structure) 

CTW450 
Current Modeling Method: 

Diversion to CTW452 
Final Modeling Method: 

No change 
Final Structure Decision: 

RR440 Ignore (small contributing are and insignificant when 
compared with RR450) 

RR450 Model as flow passing through to CTW450 
US450 Ignore (can pass all flow to structure) 

CTW452 
Current Modeling Method: 

No diversion, no culvert modeling 
Final Modeling Method: 

No change. 
Final Structure Decision: 

RR460 Ignore (can pass all flow to structure) 
 bore (can pass all flow to structure) 

Current Modeling Method: 
No diversion 

Final Modeling Method: 
No change 

Final Structure Decision: 
RR470-RR500 Any flow passing through these culverts is routed along' 

US60 until the next US60 culvert, which is structure US560. 
RR510 Ignore (can pass all flow to structure) 
US560 Ignore (can pass all flow to structure) 

CTW482 
Current Modeling Method: 

Diversion to CTW582 
Final Modeling Method: 

No change 
Final Structure Decision: 

RR520 Model as flow passing through to CTW482 
US600 Ignore (can pass all flow to structure) 

CWI582 
Current Modeling Method: 

Routed along railroad: does not cross railroad or US60 

. .  . 
,, . 
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Final Modeling Method: 

e No change. The culvert is perched and no flow gets to culvert under current 
modeling conditions. 

Final Structure Decision: 
RR530 Model as flow passing through to CWI582 
US640 Ignore (can pass all flow to structure) 

CWI554 
Current Modeling Method: 

No diversion and route flows along railroad and US60. 
*** Verify that route information is in fact the channel along the railroad.*** 

Final Modeling Method: 
No change 

Final Structure Decision: 
US690, US710 No flow makes it these structures 

CWI552 
Current Modeling Method: 

Diversion to CWI542 
Final Modeling Method: 

Remove diversion to CWI542. Before the diversion could occur significant 
ponding would happen, thus making the diversion unlikely. 

Final Structure Decision: 
RR540 Ignore (can pass all flow to structure) 

CWI529 
Current Modeling Method: 

Diversion to CWI528 
Final Modeling Method: 

No change 
Final Structure Decision: 

RR550-RR570 Ignore (insignificant when compared to RR580) 
RR580 Model as flow passing through to CWI529 
US730-US750 Ignored because RR550-RR570 are ignored 
US770 Ignore (can pass all flow to structure) 

CWI528 
Current Modeling Method: 

No diversion 
Final Modeling Method: 

No change 
Final Structure Decision: 

RR590 Ignore (can pass all flow to structure) 
US820 Ignore (can pass all flow to structure) 

CWI527 
Current Modeling Method: 

Diversion to CWI525. Flow to CWI527 is only based on RR600 
Final Modeling Method: 

Keep diversion to CW1525, but add the capacity of RR610 to RR600. * Adjust concentration point location 
Final Structure Decision: 
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RR600-RR6 10 Model as flow passing through to CWI527 
US850-US860 Ignore (can pass all flow to structure) 

@ CWl52S 
Current Modeling Method: 

Diversion to CWI524. Flow to CWI525 is only based on RR630 
Final Modeling Method: 

No Change 
Final Structure Decision: 

RR620 Ignore (insignificant compared to RR630) 
RR630 Model as flow passing through to CWI525 
RR640 Flow through culvert is routed to next CP 
US880 Ignore because RR620 is ignored 
US930 Ignore (can pass all flow to structure) 

CWI524 
Current Modeling Method: 

Diversion to WIPI639 
Final Modeling Method: 

Keep diversion 
Adjust concentration point location 

Final Structure Decision: 
RR650 Model as flow passing through to CWI524 
US 1000 Ignore (can pass all flow to structure) 

CPI639 
Current Modeling Method: 

No diversion 
Routes to CPI636 

Final Modeling Method: 
No diversion 
Change route to CWI506 
Adjust concentration point location 

Final Structure Decision: 
RR660 Ignore (can pass all flow to structure) 
US1010 Ignore (can pass all flow to structure) 

CPI636 
Current Modeling Method: 

No diversion 
Routes to CPI635 
Adjust concentration point location 

Final Modeling Method: 
No diversion 
Change route to CPI624 

Final Structure Decision: 
RR670-RR680 Ignore (minimal capacity) 
RR690 Ignore. Flow through this culvert cannot cross US60, 

therefore the flow either ponds or flows through adjacent 
street culvert. 

US 1050 Ignore because RR670-RR680 are ignored 

Page 7 of 8, MEM-03-3 1-04 Team Meeting (internal regarding US 60 modeling).doc 



e OTHER MODELING ISSUES: 

Storage 
In addition to the diversion modeling at the US60 and railroad, the issue of storage was discussed 
internally at Entellus and with Bill Haas. Entellus is not currently modeling any storage along the 
US60 and railroad. This is due to the shallow nature of the washes at these structures which 
would result in negligible storage. However, Entellus is modeling storage along the SR74, but no 
diversions. This is due to the incised nature of the washes which results in considerable storage. 
Because of the depth of the washes there is minimal chance for diversions to occur, thus they wer 
not modeled. 

Southeast portion of Watershed 
Several issues regarding the southeast portion of the watershed, in particular the Sun City Annex 
area, were discussed with Bill Haas on 03-3 1-04. Bill Haas provided the following information 
about the area. 

Sun City Annex Area 
This is a separate area from Sun City, and may not have been designed to retain 100-yr, 
24-hr, but was probably only designed to retain the 100-yr 2-hr. There are a couple of 
culverts along the boundary of the area. To date Bill was not certain if this area should be 
included in the model. 

Agriculture Area 
This area is designed for a first flush only and excess runoff flows into a channel directly 
south. This channel was originally designed to hold 1600 cfs but supposedly its capacity 
was increased to 2000 cfs, but this has not been verified. This agricultural portion should 
be included in the watershed area. 

Bearcisley Canal 
Bill Haas and the District has requested that the Beardsley Canal be modeled with storage. 
This structure needs to be looked at in detail. The assumption will be made, per Districts 
request, that no breaches occur in the structure. 

GIS Questions 
Bill Haas verified with the GIs department at the District that the intermediate 
concentration points that exist in the HEC-I model, but that are located in the middle of a 
subbasin (to limit the number of hanging hydrographs, or other reason) do not need to be 
included with the GIs data. 

Other Questions 
Bill Haas will ask Mike Duncan at the District what need to be done (level of detail etc) 
with the small orphaned portion of the watershed southeast of the Sun City Annex area. 
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Typical Calculations 
and Structure ID'S 



. 
I - 3 LEE. - OF 

BY df DATE /(b7- 
CHECK DATE I / ~ ' J / * x  

CLIENT /a 
JOB NAME Ld#mkl .1~ 



, 
'3 ~ E E T -  2- OF 

BYL DATE /<h~ - 
CHECK & DATE 1 /Y'/# 1 

@ CLIENT Frra 
U$i&fl4 JOB NAME 







Station 148+54 
Description 2 - 4 x 2 Box Culverts 

Nomograph Input 
Culvert invert Elevation (R) 

Spilling Stage ElevaUon (R) 
Width (R) 
Height (R) 

Number of Boxes 

WLB flow (cfs) No Similar Concentration Point 
Calculated flow at spilling elevation (cfs) 102.0 

Model Diversion? Yds 



- Y 1 S H E E T 2  L OF 

BY mQ DATE 1 /%/oY 
CHECK DATE 

@ CLIE, F C O M C  
JOB NAME W i ~ ~ Y Y I c ~  n n h MJK JOB NO. 3 1f?t032 

KArlo 157- 1 q ~ t - 5 4  

O C H A R T  8 

400 5'' 2, 8." a = 7 5  ct. 
0/8 * 1 5 0 f . / f t  

HW HW 
300 ln l * *  

( 1 )  1.75 3 . 5  

I 2 1  1.90 3.8 

3 205 4 . 1  

ro us. .cola ( 2 )  or 131 prol.ct 
horlz0n1011r Z Sc01. Ill. 1h.n 

.fraighl inclined line fhrouph 

, D ond a seol.s, or r-verse 0 %  

l l l ~ s f r ~ t . d .  

HEADWATER DEPTH 
FOR BOX CULVERTS 

WITH INLET CONTROL 
e Y R ~ ~ ~  or PUBLIC ROADS -IAN 1063 





Station 148+54 
Description Diversion along Railroad 

Manning's Normal Depth input 
Downstream Channel Bottom (ft) 

Upstream Channel Bottom (ft) 
Distance between upstream and down (ft) 

Top Elevation (ft) 
Top Width (ft) 

Side Slope, Lt, Z:l 
Roughness "n" 

Bottom Width (ft) 
Bottom Slope. (ft/ft) 





Station 150+70 
Description 4 x 3 Box Culvert 

Ratio C 
WLB flow (ds) No Similar Concentration Point 

Calculated flow at spilling elevation (ds) 14 
Model Diversion? Yes 



Ll 3EET- ' - OF - - 
BY DATE 

C H E C K a  DATE //@/d 

CLIENT Ffflflc 
JOB NAME & # ~ m n  41th Bay1/ &I// ,fby JOB NO. 7/&@/f2 - 

. ... - 

0 
. .. ,.- .. -..-----.-.......-.-.,..--.-.p- 

H ,,+& ils. &Y efi/itfL 

CHART 8 flRdt>,fO, 2L/0 

400 5'' 2, BOX 0.75 cfs 
0 /8  . 15~f./fl. 

HW HW 
300 In#** 7 feel 

(1) 1.75 3.5 

(2) 1.90 3.8 

(3) 2 0 5  4.1 

BUREAU OF PUBLIC R O l O S  J 6 N  IW I  

WITH INLET CONTROL 





Station 150+70 
Description Diversion along Railroad 





Station 151+W 
Description 2 - 4 x 3 Box Culverts 

WLB flow (ds) 332 
Calculated flow at spilling elevation (cfs) 96 

Model ~ i v e n h n ?  Yes 



i :m.Z OF LI 

BY DATE 

CHECK AU6 DATE /M&/ 
CLIENT FfPflc 

@ JOBNAME &#hum lift4  dam^ &rA/ dk5 JOBNO. T / W / ~ Z  

-r--" . ,  . + " &P P L / U C ~ ~ (  

CHART 8 fl3'#-~L%,50, Z ~ / O  

400 6'. 2' 60" a .  75 cfs 
Q / B  . I 6 ~ f l / f l .  

300 i n l e t  
nw 

D f..t 

(1)  1.75 3.5 

(2) 1.90 3.6 

(3) 2D5 4. I 

i o  pea .sole 121 or 131 pibl.ct 
mri iantal ly to sco~o III, t h A ,  ... .!;eight inclin.6 line through'. , 

WITH INLET CONTROL 





Station 151+00 

I 
-. 

Description Diversion along Railroad 



US7, US8, RR90 and 
RR100 



xt ~nte l lus~  BY I/S DATE. f/./r/9 
CHECK a L  DATE ?/!?/LC 









. .  ? 

' ) I E E T ~  OF 7 
BY /f DATE @//f 
C H E C K  DATE 

CLIENT PCD 
JOB NAME ~ , Y / ~ M  LU?/MIC~ JOB NO. J I U ~ ~ Z  



station 151-G 
" 

Dercrlption 4' x 6 High Pmfile Arch 

1 WLB now (cfs) No Similar Concentration Point 
Calculated flow at spilling elevation (ds) 200 

\ Model Divemion? Yes 



Station 151+64 - .. 
Description Diversion along Raiimad 



3lE'I'. '_ OF 7 .  
BY,A DATE 

CHECK & DATE ATE& 
CLIENT / f ~ # c  
JOB NAME U#!hnn i & i ~ ~ r n ~ /  JOB NO. 3/@/fZ 

- - - I  
____..._.._...___._....___._..___.____________I _ -...........-.- --- 

,g// rn&/rd ~r &r e~./vrri 
CHART 8 ,$d$& 170 : 6' ,&?A hoIh DVCA MOA & AS q. l 1 / o q ,  

400 n4xe'  80. 0 ~ 7 ~ f ~  . 
Q/8  0 IScf#/fl .  

HW HW 
a00 anl*+ 

(0 1.76 3.5 

(3) eaa 4. I 

1.5 + 38 c ~ r / f /  

BUREAU OF PVBLlC ROADS JAN. I W I  



047 m, RR/aa 
CHART 1 0 

I ,2 HEADWATER DEPTH FOR 

HEADWATER S C A L E S  2813 
CONCRETE PIPE CULVERTS 

REVISED MAY 1964 
BUREAU Of WBLlC ROADS JAN 1903 

WITH INLET CONTROL 





Entellus ID RR140 
Station 152+37 

Description 13' x 8' Wwden Bridge 

Manning's Normal Depth Inout Sketch 
Upstream Channel invert Elevation (ft) 

Downstream Channel invert Elevation (ft) 

Bridge invwt Elevation (it) 
Downstream Statlon (ft) 

Spilling Stage Elevation (ft) 
Average Space Between Pilings (ft) 

Number of Pilings (ft) 
Wldth of Pilings (it) 
Side Slope. Rt, Z:1 
Side Slope, Lt, Z:1 

Roughness 'n" 
Bottom Width (R) 

Cl~ggillg Factor (R) 
Adlusted Bottom Wdth (ft) 

Bottom Slope, (ftm) 

WLB flow (cfs) 2371 
Calculated flow at spilling elevation (cb) 7395 

Modei Diversion? No 







Station 153+00 
Description 4' x 6' High Profile Arch 

Sketch 

Nomograph Input 
Culvert Invert Elmtion (fl) 1898.8 
Spilling Stage Elevation (fl) 1910 

Adlusted Height (fl) 

WLB flow (cfs) 435 
Caiculated flow at spilling elevation (cfs) 240 

Model Diversion? Yes 



:IEET- . O F  L / .  

BY DATE 

 CHECK^ DATE l b q ~  

a cm 
FCWVC 

JOB NAME && 11th &am9/ Ark/ ,& JOB NO. 3/&~/f 2 





Station 153+00 
Description Diversion along Railroad 

Dis 

Manning's Normal Depth Input 
Downstream Channel Bottom (ft) 

Upstream Channel Bottom (ft) 
:e between upstream and down (ft) 

Top Elevation (ft) 
TOP width (ft) 

Side Slope, Lt, Z:1 

Roughness "n" 
Bottom Width (ft) 

Bottom Slope, (Wft) 





~IEET/ OF 7. 
BY df DATE 

CHECK - 

CLIENT PC0 
JOB NAME /A/~%~YK*H~ DO/rlM JOB NO. 310~73 Z 





Station 153+17 
Description 3'x 5' High Pmfile Arch 

WLB flow (cfs) No Similar Concentration Point 
Calculated flow at spilling elevation (ds) 141 

Model Diversion? Yes 



- JJietfY oi-'/. 
' 3 E E T  OF -. - 

BY DATE 

CHECK &$ DATE 

CLIENT Ftpflc 
JOB NAME # h i  ? . A  &~IYM?/ f l 4 r -A~  ,& JOB NO. 3/&@/fZ 

- - . . ..... " . " -..---------....-.--.-p-- 

'CHART 8 fl# 270,?c/D, f lo : J ' /!74,4u& 4,~r * r ~ h J & r  l i 
/"/P/4 Md&' gr &P edm-j 

400 u1s z' eon o .  75 CIS . 
Q/B . I e ~ f l / f t .  

nw nw 
300 1nl.t yr ,,.t 

(1)  7 5  3.5 

(el I.W 3.8 

(31 eD5 4.1 

l o  u?. .tala (21  or (3) projoct 
horizonfolly to 1001. ( I ) ,  1h.n 
us. ~ t r d g h t  inclinad line IhrovOh 

, 0 
a ~ C O I . S , O V  r ~ a r s e  0. 

Il1ustrat.d. 

HEADWATER DEPTH 
FOR BOX CULVERTS! 

BVrlLIU OF PUBLlC r10AD5 JAN (Pa3 

WITH I N L E L C W T B O L  . 1 6  7)  2 . 6 ~ & / ~ '  



~ E E T ~  OF 7 ' 

BY Jf DATE fh(//LI 
CHECK - DATE 

CLIENT /Po 
JOB NAME &,j,/m~Mt d f l f l f 4  JOB NO. 

( I )  2.5 8.8 

(31 2 .2  1.7 

ENTRANCE 

Groove end 

To use rcai. (2)  or (31 proj8ct 
horizontally tc scat. (I1,th.n 
US, s t r ~ i q h t  inclined l int  through 
D and Q ,c0i.sq or ,.".<S. 0. 

il1ustrot.d. 

HEADWATER DEPTH FOR - 

HEADWATER S C A L E S  2 8 3  
CONCRETE PIPE CULVERTS 

REVISED MAY 1964 
BUREI(U OF PUBLlC ROADS JAN I963 

WITH INLET CONTROL 

181 



~- .. 
Description Diversion along Railroad 

Manning's Normal Depth Input 
Downstream Channel Bottom (ft) 1902 

Upstream Channel Bottom (ft) 1904 
Distance between upstream and down (ft) 85 

Top Elevation (ft) 1906 
Top Width (ft) 1000.13 

Side Slope, Lt, Z:I& 
Roughness"n" 0.035 

Bottom Width (ft) 69 
Bottom Slope, (Wft) 

- 
Side 

 low ~epth,  (i 
X S  Area (sql 







Station 153+50 
Description 2 - 3 x 3 Box Culverts 

WLB flow (6) 422 
Calculated flow at spilling elevation (cfs) 162 

Model Diversion? Yes 



I . m E T  . 2 OF - "Y , 
BY DATE 

CHECK& DATE I~.w/@ 
CLIENT FCPMC 
JOBNAME M ; I ( M ~ ~  A d m  r f JOB NO ~/c?P// e 

7- 
. .. 

4 illr &r eb/'ht~r( 

CHART 8 f d #  J0,50, 240 

400 6 ' s  2' 8'" 9 ' 7 5  E'* 
o/n . 1 5 ~ f . / f I .  

nw MW 
300 m1.t  - ~ j .  ,.,, 

( 1 )  1.76 3.5 

le) 1.90 3.8 

( 3 )  P a 5  4.1 

------- 

19,"s. scale ( 2 )  a, (31 p<oJ.:i 
h-xi iont~l ly  l o  soole Ill, the"'.., 
us. straight inclinad lin. through - 

, 0 snd Q aCeIeI,o, rw.rSe 0' 

II,".t,(ll.L 

BVRLAV O r  PUBLlC HO/\DS JAN. 183 

WITH INLET CONTROL 





Station 153+50 
Description Diversion along Railroad 

Notes 
Manning's Normal Depth Input 

Downstream Channel Bottom (ft) 1888 
Upstream Channel Bottom (ft) 1890 

Distance between upstream and down (ft) 

Top Elevation (ft) 

Side Slope, Lt, Z:1 0.078431373 
Roughness "n" 

Bottom width (ft) 
Bottom Slope, (fun) 0.003ozi 





Station 153+90 
Description 4' x 5' High Pmfile Arch 

Sketch 

Nomograph input 
Culvert invert Elevation (fl) 

Spilling Stage Elevation (fl) 

Height (fl) 
Width (R) 

Adjusted Height (R) 

WLB flow (ds) No Similar Concentration Point 
Calculated flow at spilling elevation (cfs) 140 

Model Diversion? Yes 



-> L 
, E x  OF ! /, 

BY DATE 

CHECK&& DATE! //d& 
e CLIENT /-[P#L 

JOB NAME & # ~ ~ n n  / h  &a/m$/ A f k f  ,/ky JOB NO. ?/&@If2 

--El- 
- . . . -. . .-- -- 

,4/? flpdc/rd ~r ~3% eo/v!fA 
CHART 8 f%'$ J-0, ?@, f o ' 4  4 MdthAar 
- 12 - 600 

B.r 
- 1 1  - 500 

( 1 )  (2) (3) 

- 10 

- 9 

-- 8 

- 7 

- 6 

- 5 

I - .  
W 
W 
Y 

--\ 

H W  SCALE FLARE I - . 6  

a - 
(11 30. l o  75' - 3 
(21 90.0nd 15' 

=- 2 

TO US. .cola ( 2 )  or 01 prolecl  
harilonto~~y D S C O I ~  (11, then 

straight int1in.d lin. throuph 

, D and Q +colas, or verarrr 0s - 
,,l",,,~,.d. - 

- 8 
- 
- .6 

- 1  - 5 

HEADWATER DEPTH1 
FOR BOX CULVERTS' 

BUOEAU OF PUBLlC ROADS JAN. 1W63 

WITH INLET-CONTROL I L  4 z . 6 c T r l f i  

- 9  - I0 
- 8 
- 7 

- 6 

- 5 

- 4 

EXAMPLE 
- 400 5'' e' 80" a .  75 of. . 

0/8 . I S o t ~ / f l .  

nw HW - 300 1nl.t 7 

(1 )  1.75 3.5 
- 

( 2 )  1.90 3.8 - 
(31 205 4 .1  

- 
- 8 

- 7 

- 6 

- 5 

- 4 

- 8  

- 7 

- 6 

- 5 

- 4 





Station 153+90 
Description Diversion along Railroad 

Manning's Normal Depth Input 
Downstream Channel Bottom (fl) 

Upstream Channel Bottom (fl) 
Distance between upstream and down (fl) 

Top Elevation (fl) 
Top WldUl (fl) 

Side Slope, Lt, Z:1 
Roughness "n" 

Bottom Width (fl) 
Bottom Slope, (fW) 

Sketch 

I Stage Elevation i 





Manning's Normal Depth Input 

Upstream Channel Invert Elevatlon (fl) 
Downstream Channel Invert Elevatlon (fl) 

Bridge Invert Uavatlon (fl) 
Downstream Station (fl) 

Spilling Stage Elevatlon (ft) 
Averase Space Between Pllings (ft) 

Number of Plllngs (ft) 
Width of Plllngs (fl) 
Slde Slope, Rf Z:1 
Slde Slope. Lt, Z:1 

Roughness "n' 
Bottom Width (fl) 

Clogglng Factor (fl) 
~djusted Bottom WI~UI (fl) 

Bottom Slope, (ftHt) 

Sketch 

Lt Side S l o p  length 

WLB flow (ds) 2970 
Calculated flow at spilling elevation (ds) 5741 

Model Diversion? No 





RR340, RR35O and 
RR360 



I -)IEET/ OF F 
BY d DATE 

CHECK &DATE 

C L M  @D 

JOB NAME &#m QU&rA JOB NO. !?/do3 Z 









- 
3 B E E T 5  ,@ Eintel l~~~ au df DATE+ 

C H E C K  DATE 

@ CLIENT A9 
JOB NAME &#mfl# d&%%f JOBNO. Y ~ P Z  



Station 154+90 
Description 3 x S High M e  Anh 

Nomograph Input 
Culvert Invert Elevatlon (ft) 
Spilling Stage Elevation (R) 

HelgM (ft) 
Wdul (ft) 

Adjusted Helght (ft) 

WLB flow (ds) 188 
Calculated flow at spilling elevation (cfs) 108 

Model Diversion? Yes 



Station 154+90 R16 -. 
Description Diversion along Railroad 

Manning's Normal Depth Input 
Downstream Channel Bottom (ft) 

Upstream Channel Bottom (ft) 
Distance between upstream and down (ft) 

~ ~ 

Top Elevation (ft) 
Top Width (ft) 

Side Slope, Lt, Z:1 
Roughness "n" 

Bottom Width (R) 
Bottom Slope, (ftfft) 







Station 155+30 
Description 2 - 3 x 4 Box Culverts 

Diversion Discharge ( 

WLB flow (ds) 288 
Calculated flow at spilling elevation (cfs) 204 

Model Diversion? Yes 



. s 

SEET- ,2- OF ' I. . 

BY DATE 

cmc~&& WE I lw7.f~ 
CLIENT Ffpflc 
JOB NAME hh%~bnn A &a~rn~! Mhrk~ ,fky JOB N O  3/'@/f 2 

- ... . . - - 
jig#? *PT ,$@ST PL/~/!~I 

QHARl' 8 ~ R 4 c ~  

400 el, e' 80" a .  75 of* 
Q / B  . l O ~ f ~ / f l .  

nw nw 
300 1nl.t 7 

( 1 )  1.76 3.6 

(e) 1.90 3.8 

(3) to5 4 . 1  

To US. SOD41 (2) Or (3) prOl*OY 
morironlollr to scol* ( I ) ,  then 
"I. ~ t r o i q h t  inclined line throvqh 

HEADWATER: DEPTH 
FOR BOX CULVERTS 

BUREAU OF PUBLlC ROAOS JAM. IP(I3 

WITH INLET CONTROL 





Station 155+30 
Description Diversion along Railroad 

Sketch 





entellus ID RR410 
StaUon 155+80 

Descrlptlon 3' x 5' High Profile Anh 

Nomograph Input 
Culvert invert Elevation (R) 
Spilling Stage Elevation (R) 

Height (R) 
Width (R) 

Adjusted Height (R) 

Headwater Depth I Heig 
Ratio of Discharge to Wldth ( 

WLB flow (cfs) 236 
Calculated flow at spilling elevation (cfs) 144 

Model Diversion? Yes 



7. ' I  . .=ETA OF - 
BY DATE 

CHECK& DATE l /J@ 
FLPMC CLIENT 

JOB NAME ~ ; t c ~ ~ n n  Nuamp M~)rk/ ,122, JOB NO c 
,. - . . .- -- - 

D c H A R T  8 
h d  r &g e o / v ~ r ~  

fl$ - /ai 270,?+0, ylo : r1 /+-L ,w atcr M A N ~ ~  7 

fir 

400 5'." 80" a s 7 5 c f s  
a/s . lacfs/ft .  

( 1 )  1.75 3.5 

'el 1.90 3.8 
(3) 2 0 5  4.1 

To us. .role (2) or (3) prel.ct 

HEADWATER DEPTH'  
FOR BOX CULVERTS 1 

WITH INLET--.CONTROL . I6  -) 2.6' rrlfi 
B U R E I U  06 PUBLlC R O l O S  JAN. lOBl  





Station 155+80 
Description Diversion along Railroad 

Sketch 
Manning's Nonnal Depth Input 

Downstream Channel Bottom (ft) 
Upstream Channel Bottom (ft) 

Distance between upstream and down (ft) 

Top Elevation (ft) 
Top Width (ft) 

Side Slope, Lt, Z:1 
Roughness "n" 

Bottom Width (ft) 
Bottom Slope, (Wft) 



RR420 and RR430 



CLIENT f8p 

BY f DATE 

CHECK DATE ge 





Station 156+1.156+11 
Description 3' x 5' High Profile Arch and 2 - 66" CMP 

Nomograph Input 
Culverts invert Elevation (ft) 
Spilling Stage Elevation (ft) 

RR4M Height (ft) 
RRUO width (ft) 

RR420 Adjusted Height (ft) 

RR430 Diameter (R) 

I I Stage Elevation 

RR 420 Ratio of Discharge to Width (cfs/ft) 
RR420 Discharge (cfs) 



- .  -- . .. .--" ".." , . I \NV 

Station 156+1.156+11 
Description Diversion along Railroad 



J f C F 7  J 3-1 6 

Dralnage Deslgn .Manual for Maricopa County, Volume U, Hydraulics 

400 C* t' 0.l 0 .V cfs . 
a/o 9 ~ o s f m / t ~  

(1) 1.70 1.0 

h n. *e*l. (21 er (3) )rel.rt 
h.rlzmlellr 1. Ir.le ( I ) ,  1h.a 
ua. ~ I ra i rn t  inrlim~d lime l n r . ~  

Figure 5.26 
Headwater Depth for Box Culverts with Inlet Control 

(USDOT. FHWA, HDS-5, 1985) 



C H E C K  DATE 

CLIENT /el9 
JOB NAME . LAM m%"Jh JOB NO. fiabft 

H E A D W A ~ R  DEPTH FOR 

HEADWATER SCALES 2 B 3  
CONCRETE P ~ $ E  CULVERTS 

REVISED MAY 1964 
BUREAU OF PUBLIC ROADS J I N  1963 

WITH INLET CONTROL 





Stanon 156+70 
Description 6 - 13'x 9'Wwden Bridge 

Manning's Normal Denth Innut Sketch . . 
Upstream Channel Invert Elevation (fl) 

Downstream Channel Invert Elevation (fl) 
Bridge Invert Elevation (fl) 

Downmeam W o n  (fl) 
Spllllng Staae Elevation (fl) 

Average Space Batween Plllngs (fl) 

Number of Pilings (fl) 
Width of Plllnps (fl) 
Side Slope, w El 
Side Slope, Lt, El 

Roughness "n" 
Bottom Width (fl) 

Clogging Factor (fl) 
Adjusted Bottom Width (fl) 

Bottom Slope, (ftHt) 

WLB flow (cfs) No Similar Concentration Point 
Calculated flow a1 spilling elevation (cfs) 21 14 

Model Diversion? Yes 





Station 156+70 
Description Diversion along Railroad 

Manning's Normal Depth Input 
Downstream Channel Bottom (ft) 

Upstream Channel Bottom (ft) 
Distance between upstream and down (ft) 

. . 
Top Elevation (ft) 

Top Width (ft) 
Side Slope, Lt, Z:1 

Roughness "n" 
Bottom Width (ft) 

Bottom Slope, (ft/ft) 





Station 157+00 
Description 5 - 13' x 7' Wooden Bridge 

Manning's Normal Depth Input Skatph 
Upstream Channel lnvert Elevation (R) 1722 

Downstream Channel lnvert Elevation (R) 1720 
Bridge Invert Elevatlon (ft) 1722.3 

Downstream Station (ft) 
Spilling Stage Elevation (ft) 1726 

Average Space Betwan Pilings (ft) 
Number of Pilings (ft) 

Width of Pfllngs (ft) 
Side Slope, R t  Z:1 
Side Slope, Lt, Z:1 

Roughness-n" 
Bottom Width (ft) 

Clcgging Factor (ft) 
Adjusted Bottom Width (ft) 

Bottom Slope, (M) 0.016129 

WLB flow (ds) 810 
Calculated flow at spilling elevation (cfs) 2609 

Model Diversion? No 







Station 158+10 
Description 5 - 28' x 8' Concrete Bridge 

Mannlnds Normal Denth lnout Sketch - . 7.- 

Upstream Channel Invert Elevation (fl) 
Downstream Channel Invert Elevation (fl) 

Bridge lnvert Elevation (fl) 

Downsbeam StatIan (fl) 
Spilling Stage Elevation (R) 

Average Space Between Plllngs (fl) 
Number of Pilings (fl) 

Width of Pilings (ft) 
Side Slop, Rt, L:I 
Slde Slope, Lt, Z 1  

Roughness"n" 
Bottom Width (fl) 

Clogging Factor (fl) 
Adjusted Bottom Width (fl) 

Bottom Slop, (M) 

I Staae Elevation - 

Lt Slde S lop  length ( 

WLB now (ds) 270 
Calculated flow at spilling elevation (cis) 5886 

Model Diversion? No 







Station 158+80 
Description 4 - 13' x 8'Wooden Bridge 

Manning's Normal Depth Input Sketch 
Upstream Channel Invert Elwatlon (fl) 

~gwnstream Channel Invert Elevation (ft) 
Bridge lnvert Elevation (fl) 

Downstream Station (fl) 
Spllllng Stage Elevation (fl) 

Average Space Between Plllngs (fl) 
Number of Pilings (fl) 

Width of Pillngs (ft) 
Slde Slop, Rt, 2:i 
Slde Slope, Lt, Z:i 

Roughness "n" 
Bottom Wdth (fl) 

Clogging Factor (ft) 
Adjusted Bottom Width (ft) 

Bottom Slop, (fUft) 

WLB flow (cfs) 4442 
Calculated flow at spilling elevation (cfs) 2130 

Model Diversion? Yes 





Station 158+80 
Description Diversion along Railroad 

Sketch 
Manning's Normal Depth Input 

Downstream Channel Bottom (ft) 

Upstream Channel Bottom (ft) 
Distance between upstream and down (ft) 

Top Elevation (ft) 
Top Width (ft) 

Side Slope, Lt, Z:1 
Roughness "n" 

Bottom Width (ft) 
Bottom Slope, (Wft) 





.- . .. 
Ststion 16WW 

Description 9 - 14'x T Concrete Bridge 

Manning's Normal Depth Input Sketch 
Upstream Channel Invert Elevation (ft) 

Downstream Channel Invert Elevation (ft) 
Bridge Invert Elevatlon (ft) 

Downstream Statlon (R) 
Spllling Stage Elevation (ft) 

Average Space Between Pilings (ft) 
Number of Plllngs (ft) 

Width of Pilings (ft) 
Side Slope. Rt, 721 
Slde Slope, L t  721 

Roughness "n" 
Bottom Width (ft) 

Clogglng Factor (ft) 
Adlusted Bottom Width (ft) 

Bottom Slope, (Wt) 

WLB flow (cfs) 4474 
Calculated flow at spilling elevation (cfs) 5204 

Model Diversion? Yes 





~ - - . . . . . 
Station T60+90 

Description Diversion along Railroad 

Sketch 
Manning's Normal Depth Input 

Downstream Channel Bottom (ft) 

Upstream Channel Bottom (ft) 
:e between upstream and down (ft) 

Top Elevation (lt) 
Top Width (ft) 

Side Slope, Lt, Z:l 
Roughness "n" 

Bottom Width (ft) 
Bottom Slope, (W) 





EntoIIus ID RR580 
W o n  161+80 

DescrlpUon 1 - 17  x BConaete Bridge 

Manning's N o m l  Lbpth input Sketch 
Upstream Channel lmelt E l d o n  (fl) 

Downstream Channel I n m  ElevaUon (R) 
Bridge lnvett E l w o n  (fl) 

!Jownatnam W o n  (fl) 
Spillins Stage Eievatlon (ft) 

Average Spa- Between Pilings (ft) 
Numbrof Plllngs (ft) 

Width of PUlngl (R) 
Side Slop.. RS 721 
Slde Slow, L t  721 

Rwahners "n" 
sottom width (fl) 

Clw01ng Factor (ft) 
Adjusted Bottom width (R) 

Bottom Slop., (WPt) 

Diversion Dlreha 

WLB flow (ds) 330 
Calculated flow at spflling elwaticn (ds) 481 

Model Diversion? Yes 





Station 161+80 
Description Diversion along Railroad 

Sketch 



RR600 and RR610 
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. . . 
%on 163+20 

Description 2 - 13' x 7' Ccnaete Bridge 

Manning's Nonnal Depth Input Ctm+-h 

Upstream Channel Invert Elevation (n) 
Downstream Channel Invert Elevatlon (ft) 

Brldge Invert Elevnion (ft) 
Downstream Statlon (ft) 

Splllfng Stage Elevatlon (ft) 
Average Space Batween Plllngs (ft) 

Number of Plllngs (ft) 
Wdth of Plllngs (ft) 
Slde Slope. Rt, 21 
Slde Slope, Lt, 21 

Roughness "n" 
Bottom Wdth (ft) 

Clogging Factor (ft) 
Adjusted Bottom Width (ft) 

Bottom Slope, (RM) 

WLB Row ( 6 )  321 
Calculated flow at spilling elevation (6) 14 

Model ~hrersioni Yes 



Station 163*20 
Description Diversion along Railroad 



W o n  163+5 
Description Diversion along Railroad 

Manning's Nonnal Depth Input 
Downstream Channel Bottom (ft) 

Upstream Channel Bottom (ft) 
tce between upstream and down (ft) 

Top Elevation (ft) 
Top Wldth (ft) 

Side Slope, Lt, Zl 
Roughness 'n' 

Bottom Wldth (ft) 
Bottom Slope, (fUft) 



HEADWATER DEPTH FOR 

HEADWATER SCALES 283 
CONCRETE PIPE CULVERTS 

REVISED MAY 1964 
BUREAU OF PUBLIC ROADS JAN 1903 

WITH INLET CONTROL 

181 





~ntel lus ID RR630 
Station la* 

Description 4 - 14' x 6' Wooden Bridge 

Mannings Normal De~th l n ~ u t  Sketch . . 
Upstream Channel Invert Elevstion (ft) 

Downstream Caannel Invert Elevation (ft) 
Bridge Invert Elevation (ft) 

Downstream Station (ft) 
Spilling Stage Elevation (ft) 

Average Space W e e n  Pilings (ft) 
Number of Pilings (ft) 

Width of Pllinas (ft) 
Slde Slope, Rt, 21 
Slde Slope, Lt, 21 

Roughness "n" 
Bottom Width (ft) 

Clogglna Fador (ft) 
Adjusted Bottom Width (ft) 

Bottom Slope, (m) 

WLB flow (ds) 786 
Calculated flow at spilling elevaUon (ds) 269 

Model Diversion? Yes 





Station 164+50 
Description Diversion along Railroad 

Manning's Normal Depth Input 
Downstream Channel Bottom (ft) 

Upstream Channel Bottom (ft) 
Distance between upstream and down (ft) 

Top Elevation (ft) 
Top Width (ft) 

Side Slope, Lt, Z:l 
Roughness "n" 

Bottom Width (ft) 
Bottom Slope, (fUft) 





Statlon 165+70 
Description 6 - 16 x 8' Wooden Bridge 

Manning's Normal Depth Input .Ckat.-h 

Upstream Channel lnvert Elmuon (ft) 

Downstream Channel lnvert Elevation (ft) 

Bridge Invert Elevation (ft) 
Downstream Station (ft) 

Spilling Stage Elevation (ft) 
Average Space Between Pilings (ft) 

Number of Pillngs (fl) 
Width of Piangs (ft) 
Slde Slope, R t  21  
Slde Slope, L t  Z:l 

Roughness "n" 
Bottom Width (ft) 

Clogging Factor (ft) 
Adjusted Bottom Width (ft) 

Bottom Slope, (Wft) 

WLBflOw(cfs) 614 
Calculated flow at spilling elevation (cfs) 594 

Model Diversion? Yes 





Station 165+70 
Description Diversion along Railroad 


