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PREFACE 

This report supersedes the Conceptual Master Drainage Report for the proposed $un City West 
. . . . 

Expansion Area. The conceptual report was initially submitted to Maricopa Coupty in h u m y  

1992. It was revised according to review comments h m  the Flood Control District'in March 

1992 and accepted by the District in a memo to the County Department of Planning and . .  J .  
I _ a ,  . . . . , -  

Development dated April 9,1992. 

As its title implied, the conceptual report encompassed preliminary land use and layout and 

proposed methods of analysis based on the County's Hydrologic Design Manual. A conceptual 

HEC-1 model of the study area and proposed development was also presented. This new report 

is an extension of the conceptual one. It will utilize much of the same narrative, approach, 

methods and basic modeling techniques and parameters h m  the conceptual report. It will 

drop the "conceptual" term in the title and address the actual hydrologic and hydraulic design 

of proposed grading, drainage and golf course improvement plans. 

In addition, it will address some interim aspects of drainage that will be employed until ,. the . .  . .. . . a -  1 , 

development is completed and permanent drainage improvements are in place. This includes . . r ..: 

grading and drainage design intended to reduce or eliminate sources of soil loss assodated *with - . .. . ". 
construction grading. Additional drainage submittals will he made with each h t w e  subdivision . r: f 

unit that adbess drainage of roadways, storm drains and drainage:Channels s$ecifically - .  > .  

associated with that unit. 
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INTRODUCTION 

This report has been prepared at the direction of Del E. Webb Development Co., L.P., a 

Delaware limited partnership (hereindkr, Del Webb) for submittal to the Flood Control 

District of Maricopa County. It was prepared in support of Del Webb's proposed Sun City West 

Expansion Area. 

The Development Master Plan titled "Sun City West Expansion" is to govern 884.7 acres 

situated immediately north of Sun City West and is planned as an expansion of the existing 

Sun City West active-adult community. Development plans consist primarily of single family 

lots, casitas, an l&hole regulation golf course, a multi-purpose community recreation center 

and a small commercial parcel. See Figure 1 for Vicinity ~ a ~ .  

Residential portions of the Expansion Area consist primarily of single family units on lots 

averaging 6,000 to 8,000 square feet. Multi-family casitas are planned on three parcels near 

the center of the master plan. The golf course is a "target" course where about half is turf 

and the other half is decomposed granite or similar ground cover with low water use 

a 
landscaping. Open space parcels are located throughout the master plan incorporating portions 

of the golf course with entry features including several permanent lakes. 





The existing property is undeveloped desert with a light to moderate cover of brush, trees and 

some cacti and a seasonal cover of grass. Soils are primarily fine textured alluviums ranging 

from sandy loam to clay loam with surface gravels present in some areas. There is an existing 

livestock water tank in the south-central portion of the property. The overall slope is from 

northwest to southeast a t  about 213 percent and the terrain is relatively flat and uniform. 

There are a number of existing washes that cross the parcel. 

To the south is Deer Valley Drive which is an existing 2-lane paved roadway. South of Deer 

Valley Drive is the existing Sun City West development. To the west and north is existing 

undeveloped desert similar to the onsite area. The proposed Estrella Freeway will pass across 

the northern edge of the property. It is not due for construction for several years but . 
approximately 50 acres of right-of-way from the Expansion Area property will be set aside for 

it a t  this time. Maricopa County proposes an interim highway along the freeway's north right- 

of-way limit. To the east of the site is an existing citrus orchard. 

Drainage in the area is generally from northwest to southeast. The upper limit of offsite 

contributing areais the existing McMicken Dam Outlet Channel which passes just north of the 

property. This is a combination open channel and levee that conveys the discharge from 

McMicken Dam, which is located west of Sun City, east toward the Agua Fria River. The outlet 

Channel discharges to an existing wash near the alignment of 123rd Avenue, which, in turn, 

conveys the flow south to the Agua Fria River. The Outlet Channel has sufficient capacity to 

carry both the 100-year McMicken discharge and the concurrent local 100-year flows that it 

intercepts along its path. 



Drainage h m  the area south of the McMicken Dam Outlet Channel, including the Expansion 

Area property, moves southeasterly as both shallow overland flow and shallow concentrated 

flow in existing washes. Typically, washes are on the order of 1 to 3 feet in depth and 5 to 25 

feet in width. This drainage collects along the north side of Deer Valley Drive in an existing 

drainageway which extends fn>m Grand Avenue east to about 123rd Avenue where it joins the 

same wash that receives the McMicken Dam Outlet Channel discharge. 

This drainageway, h m  Grand Avenue to the eastern boundary of the subject property, is 

shallow and ove&wn with trees and brush. To the east of the property, this drainageway 

becomes a formal channel with a clean uniform trapezoidal cross section. This channel was 

constructed by Del Webb. The drainage system along Deer Valley Drive protects the existing . 
S&I City West h m  offiite flows. The Deer Valley drainageway is classed as a major drain 

under the Uniform Drainage Policies and Standards for Maricopa County because of the size 

of its contributing area. 

A second drainageway exists running north to south along the west side of the existing citrus 

orchard. This is a shallow, more or less continuous channel that is overgrown with trees and 

brush. It provides a degree of drainage protection for the citrus orchard by directing shallow 

flows south to the drainageway along Deer Valley Drive. All the area, then, north of Deer 

Valley Drive, east of Grand Avenue, south of the McMicken Dam Outlet Channel and west of 

the citrus orchard drains toward the southeast corner of the proposed expansion property 

where it enters the improved Deer Valley Drive channel. 



PLATE 1 

PLATE 2 

TYPICAL ONSITE EXISTING DESERT. PHOTOGRAPH TAKEN NEAR 
CENTER OF PROPERTY LOOKING SOUTHEAST. 

TYPICAL WASH ONSITE. BOTTOM WIDTH IS ABOUT 2 TO 3 FEET. 
PHOTOGRAPH TAKEN LOOKING SOUTHEAST NEAR CENTER OF 
PROPERTY. 



PLATE 3 TYPICAL REACH OF McMICKEN DAM OUTLET CHANNEL LOOKING EAST 
(DOWNSTREAM) NEAR NORTHWEST CORNER OF PROPERTY. 

PLATE 4 DRAINAGEWAY ALONG EAST SIDE OF PROPERTY LOOKING SOUTH 
(DOWNSTREAM). EXISTING CITRUS ORCHARD TO EAST, 



PLATE 5 EXISTING DRAINAGE CHANNEL ALONG DEER VALLEY DRIVE 
LOOKING EAST (DOWNSTREAM) FROM ABOUT 135TH AVENUE. 

PLATE 6 EXISTING CHANNEL ALONG DEER VALLEY D R m  LOOKING WEST 
(UPSTREAM) NEAR 135TH AVENUE. 



According to the Flood Insurance Rate Map for Maricopa County, Arizona and Incorporated 

Area, the proposed expansion property falls on map panel numbers 04013C1135E, 1145E, 

1155E and 1165F (See Figure 2). These four map panels all carry the revision date of 

September 4,1991. The property is designated on these maps as being within flood insurance 

Zone X This zone is d e h e d  as follows: 

Zone X-Areas of 500-year flood; areas of 100 year flood with average depths of 
less than 1 foot or with drainage areas less than 1 square mile; and areas 
protected by levees from 100-year flood. 

This appears to be a fairly accurate assessment of the general flood potential of the property 

and surrounding area for insurance purposes. There is no federal mandatory requirement for 

flood insurance on structures in Zone X 

The proposed expansion property is not located within any formal basin-wide master drainage 

plan or Area Drainage Master Study (ADMS). The property was included as offsite 

contributing area to Sun City West in a previous master drainage report prepared by HDR 

Engineers in 1977. That report estimated peak flows contributing at various points to the 

drainageway along Deer Valley Drive. Hydrology was based on the Soil Conservation Service 

TR-20 computer watershed model. 
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BASIC DESIGN CRITERIA 

The basic design criteria for this report can be found in four primary documents h m  the Flood 

Control District of Maricopa County. The first is the Uniform Drainage Policies and Standards 

for Maricopa County, Arizona dated February 25,1987. It is intended to standardize drainage 

requirements for Maricopa County including incorporated areas. 

The second document is the Drainage Regulation for the Unincorporated Area of Maricopa 

County, Arizona, published October 5,1988. It's purpose is to implement and enforce drainage 

standards in unincorporated areas through the requirement for drainage clearances and 

submittal of plans and reports. 

The third document is the Hydrologic Design Manual for Maricopa County (hereafter referred 

to as the Hydrology Manual) dated September 1,1990. This manual outlines methods to be 

used in the study of hydrology in Maricopa County. Its development was the direct result and 

one of the primary objectives of the Uniform Drainage Policies and Standards. The Manual is 

currently under revision. AU HEC-1 hydrology models in this report are based on the 

MCUHPl loader program dated revised December 16,1991. 

The fourth document is the Draft Drainage Design Manual for Maricopa County, Volume 11, 

Hydraulics (subsequently referred to as the Hydraulics Manual). It is dated November 1991 

and is currently under review by the Flood Control District and the hydrologic and engineering 

community in general. I t  is not known a t  this time when this document will be officially 

adopted. Its use in this report will generally be as a technical reference and guideline. 



The basic design storm for this project will be the 100-year, 2-hour storm. This applies to the 

design of both stormwater conveyance systems and detention basins. In addition to the 100- 

year storm, frequencies of 2,10 and 50 years have been considered in the design of channels, 

golf course drainage and culvert design. Discharges from the property under developed 

conditions will be as close as possible in location to existing conditions with depth and velocity 

no greater than existing conditions. The peak discharge after development will not exceed 

existing conditions. 

The hydrologic model in this report will use the Clark unit hydrograph method with Green- 

Ampt rainfall losses based on the Hydrologic Design Manual. The Clark Unitgraph method 

will also be used for any future updates, master plan revisions or drainage design where 

hydrograph routing is involved. The Rational Method will be used for subsequent design of 

individual subdivision units, and commercial and recreation center parcels where hydrographs 

and hydrograph routing are not required. 

Stormwater detention basins will be designed for the peak 100-year Zhour runoff volume f?om 

the overall developed site. Detention basins will be designed to discharge their entire volume 

within a 36-hour period. Drainageways will be designed to convey 100-year peak discharges 

with heboard. Hydraulics for this report are based on a variety of different analyses including 

normal depth, standard step backwater, weir, orifice and standard culvert hydraulics. 

Streets will be designed to carry flows in accordance with Maricopa County criteria. The 10- 

year flow must be conveyed within the street section without going over the curb and the 50- 

year flow must not exceed 0.30 feet above the curb. The maximum allowable flow rate and 



velocity in any street are 100 & and 10 Wsec respectively. Storm drains or channels will be 

provided where necessary to limit the amount of flow carried in the streets. Culverts will be 

designed so that there is no more than 6" of flow going over the roadway in a 100-year event 

and no flow over the roadway in a 50-year event. Finished floors will be above the maximum 

100-year high water elevation. 



PROPOSED DRAINAGE SYSTEM 

Drainage h m  offiite areas will be intercepted by a perimeter channel system and conveyed 

to locations where it can enter the proposed development. Along the west boundary, there will 

be a concrete lined trapezoidal channel. Along the north side, a channel is proposed in 

conjunction with the landscaped buffer area adjacent to the proposed Estrella Freeway. 

Preliminary design for the north channel has been done on the basis of both an earth channel 

concept and a gunite lined channel. The north channel will receive flow &om future Estrella 

Freeway drainage culverts. This north channel does not currently fall entirely within the 

expansion property boundary (See Figure 3, Appendix A). This discontinuity will be corrected 

through proposed land trades involving the acquisition of right-of-way for the Estrella Freeway. 

If the missing parcel cannot be acquired, the channel will be routed just inside the current 

boundary as illustrated on Figure 3. Preliminary channel grades and hydraulics have been 

done for both alignments. 

Offsite flows will enter the property at two locations along the west boundary and one location 

along the north boundary (See Figures 3,4 and 5 in Appendices A and B). This drainage will 

be conveyed h m  the point of entry to the proposed golf course/open space area via concrete 

lined trapezoidal channel. Trapezoidal channels, where used, will generally have a bottom 

width ranging &om 10 to 20 feet and side slopes of 0.5 horizontal to 1.0 vertical. Offsite flows 

will then be conveyed through the development via the goWopen space areas to the southeast 

corner of the property. 



Conveyance within the goWopen space area is primarily by means of open channels. These 

channels generally have a non-uniform cross-section and a combination of turf, stone or bare 

soil ground surface. Vegetation, h m  a hydraulic standpoint, will generally be designed to 

minimize obstruction. The goWopen space conveyance system includes a series of detention 

basins and localized depressed areas which maintain minimum design slopes in turfed areas. 

Incorporated with these basins and depressed areas is a system of 12" to 2 4  diameter 

drainpipe interconnecting them to a downstream outfall. This outfall generally consists of 

either the next depression or detention basin downstream or an open golfcourse channel or one 

of the permanent lakes. Flow velocities will generally be kept to non-erosive values although 

short duration velocities of erosive potential are found in some localized areas. Conversely, 

minimum flow velocities have also been considered to maintain transpol-t of sediment loads 

through the project h m  offsite areas. 

Onsite developed areas will be designed to surface drain via streets to localized outfalls within 

the goWopen space area. Streets will range in size from residential 32 feet wide and 4 inch roll 

curb to major arterial 68 feet wide and 6 inch vertical curb. No inverted crown streets are 

proposed a t  this time. Contributing sub-basins will be kept as small as reasonably possible in 

h a 1  design to minimize the amount of flow canied in the streets. Storm drain and catch basin 

systems or open channels will be provided where street capacities exceed allowable criteria. 

Culverts will be provided under roadways at various locations in conjunction with the golf 

course/open space channels. Culvert sizes range h m  single 36-inch diameter pipe to multiple 

barrel box culverts. Golf cart underpasses will be provided at three locations where the golf 



course intersects the proposed Deer Valley Road alignment. These underpasses will generally 

consist of an 8' x 8' concrete box culvert. Underpass culverts will be hydraulically separate 

h m  low flows but may carry some of the higher flows, thus acting as a safety valve. Their 

potential capacity is not considered in sizing the primary conveyance culverts. 

Detention basins for onsite development will be provided in the goWopen space area. These 

basins cover a wide range of configurations and volumes. Some are no more than minor 

depressions 1 or 2 feet deep. Others are 5 to 6 feet deep and capable of holding over 30 acre 

feet. 

The smallest basins are too numerous and insignificant to model individually but in many 

instances, their volumes have been included within a single larger basin. Many of the smaller 

depressions are not modeled at all in HEC-1 as detention basins. AU of the detention basins 

that incorporate permanent lake features do not include any volume below the normal lake 

water surface in the HEC-1 elevation-volume relationship. 

There are a total of 18  detention basins modelled in HEC-1. Half of these basins receive runoff 

from onsite contributing areas only. The other half will receive both onsite and offsite 

drainage. Collectively, their maximum stage volumes will just exceed the total excess rainfall 

generated by the onsite area for the design storm. 

Detention basin outlets generally consist of either a small diameter pipe (such as the 12" to 24" 

interconnecting drainpipe mentioned previously) used in combination with a weir for overflow 

or they will consist of a roadway culvert. Culverts range in size h m  36" diameter pipe to 



multi-barrel boxes. The lower-most detention basin at the southeast corner of the Expansion 

Area will discharge flow to the existing channel along Deer Valley Drive using a short section 

of open channel. 

Onsite grading of future subdivisions will dBer significantly h m  the typical grading scheme 

in Sun City West south of Deer Valley Drive. Instead of the lots being mass graded and 

sharing a common rear yard drainage swale, they will typically be graded to outfall individually 

to the street in front of the lot. This will eliminate the need for rear and side yard drainage 

easements and the potential drainage conflict with future fencing and landscaping. Rear yards 

which adjoin golf course or open space areas will typically drain out the back to those areas. 

. . 



HYDROLOGIC ASSUMPTIONS AND METHODS 

The Corps of Engineers HEC-1 computer hydrograph program, version 4.0 dated September 

1990 was used in this report to generate and route synthetic hydrographs. This version 

contains Green-Ampt loss rate functions, which, along with the Clark Unitgraph option are 

required by the Flood Control District's Hydrologic Design Manual for contributing areas 

greater than 160 acres. Clark Unitgraph hydrology wi l l  be used as the basis of design for stom 

water detention, offsite and major onsite drainage channels, golf course conveyance, storm 

drain trunklines and other major drainage features on an overall master plan basis. 

A version of the Rational Runoff Method is also preselited in the Hydrology Manual. It will not 

be used for design in this report but may be used to estimate peak flows for drainage design 

of future individual within the Expansion Master Plan. Generally, its use would be 

limited to those applications where only volume and peak flow estimates are needed and 

hydrograph routing is not involved. For example, it might be used as the basis for checking 

street flow capacity, design of minor drainage channels and swales, catch basin inlets and 

minor storm drain laterals. 

A similar combination of methods was used with the existing Sun City West development 

south of Deer Valley Drive. The SCS TR-20 method was used for hydrograph routing and 

design of major drainage features while the Rational Runoff Method-is used for individual 

subdivisions. Certain adjustments have been made to Rational Method parameters in Sun 

City West so that flow rates are comparable to those from TR-20. 



Since there will be circumstances in the future where either the Clark Unitgraph or Rational 

Method are applicable, a brief evaluation of comparative results will be presentedin this report 

for three selected onsite sub-basins. These comparative calculations will be made using the 

same basic area, length, slope, resistance coefficient and rainfall data. Calculations and results 

will be discussed in the conclusion section of this report. 

Rainfall data for this report is taken h m  the Hydrology Manual. The 100-year 2-hour rainfall 

amount for use with the Clark Unitgraph method is estimated at 2.77 inches. This storm total 

was used in conjunction with the 2-hour distribution h m  Table 2.2 of the Hydrology Manual. 

No aerial reduction was assumed for the HEC-1 model. Future Rational Method calculations 

will use the r a i d '  intensity-duation-frequency relation of Figure 3.2 of the Hydrology 

Manual. No location adjustment was made for rational rainfall intensity in the comparisons 

to the Clark Unitgraph contained in this report. 

Drainage sub-basins for the HEC-1 models are shown on Figures 3,6, and 7 in Appendices A 

and B. Their areas were estimated through the use of a digital planimeter. Right-of-way for 

the proposed Estrella Freeway was considered as offsite area, existing desert. Areas are 

estimated to the nearest 0.001 square mile. The HEC-1 program uses this level of accuracy in 

its computations but rounds off the output data to the nearest 0.01 square miles. Rational 

method will use area in acres. 

Times of concentration are estimated using essentially the same methodology for both the 

Clark Unitgraph and Rational Methods. Both methods use the same basic equation (equation 



3.215.5 of the Hydrology Manual) to estimate flwdwave travel time as a function of watershed 

length, resistance, slope and rainf.. intensity. This equation is: 

Tc = 11.4L 0.5 ~b 0.52 s -0.31 -0.38 
1 

The only difference in application is that Clark Unitgraph uses the intensity of rainfall excess 

and the Rational Method uses direct rainfall intensity. Slopes and lengths have been 

estimated for the HEC-1 model based on preliminary street layout and mass grading plans. 

The watershed resistance coefficient, Kb, in the time of concentration equation is estimated 

using the following equation h m  the Hydrology Manual: 

Kb=mlogA+b 

where A is the contributing area in acres and m and b are equation parameters taken from 

Table 3.115.1 of the Hydrology Manual. For contributing areas with more than one land use, 

m andb are area-weighted. Table 1 summarizes the basic parameters used in the 

HEC-1 model. In relative terms, residential and commercial land use has the least resistance, 

golf course and open space has the greatest resistance and e$sting desert falls mid-range 

between the two. 

TABLE 1 RESISTANCE COEFFICIENT PARAMETERS 
. 

m B 
Residential, Commercial, Rec. Center -0.00625 0.04 
Existing Desert 
Golf CoursdOpen Space 



Watershed storage coefficient, R, is a b c t i o n  of time of concentration, area and length based 

on equation 5.6 of the Hydrology Manual. This equation is: 

R = 0.37 Tc 1.11 A -0.57 L 0.80 

Test runs indicate that Tc and R are particularly sensitive to selection of m and b parameters 

used in estimating Kb. Tc and R for Clark Unitgraph are calculated using the MCUHPl 

program dated revised December 16,1991. MCUHPl is used in conjunction with a Lotus 123 

spreadsheet developed by Stanley Consultants which processes raw data, assembles the results 

and redirects them as a batch fie through MCUHP1. Rational Method Tc is calculated by 

hand. 

The time-area relationship for urban watersheds from Table 5.2 of the Hydrology Manual was 

used for all onsite developed sub-basins. AU offiite sub-basins and the existing condition onsite 

area use the natural watershed time-area relationship h m  Table 5.2. The HEC-1 

computation time interval was chosen at 5 minutes. 

Green Ampt rainfall loss rates for all offiite sub-basins and the onsite existing condition sub- 

basin are area-weighted values based on soil texture classifications and the parameters in 

Table 4.2 of the Hydrology Manual. AU soils found in the study area are classified in hydrologic 

soil group B. DTHETA is based on the dry value and XKSAT is adjusted assuming a 

vegetation cover of 25%. Initial surface retention loss, IA, for existing conditions was assumed 

to be 0.35 inches and impervious area was assumed to be 1 percent. The existing surface cover 

of gravel which occurs in parts of the study area was assumed to not affect rainfall losses. 



Procedures for estimating Green and Ampt loss rates and percent impervious for urbanized 

areas are not directly presented in the Hydrology Manual so a number of interpretations and 

assumptions have been made. Contributing area is assumed to consist of either impervious or 

pervious land use. The impervious land use is further broken into connected and non- 

conneded area 

Connected impervious is considered separately in HEC-1. It consists of such things as roofs, 

driveways, sidewalks, streets and parking lots which are directly connected to a means of 

runoff conveyance such as a street or drainage channel. Estimates of connected impervious are 

entered in HEC-1 as percent of total area. This area produces 100 percent runoff. Estimates 

range from 1 percent for golf course and existing desert to 25 percent for residential to 80 

percent for commercial and recreation center land use. 

A non-connected impervious area is not directly conneded to a means of runoff conveyance. 

Its runoff must flow over adjacent landscaped or other pervious surfaces where infiltration may 

occur. Non-connected impervious area is included with pervious area and loss rates for both 

are assumed to be reflected by soil parameters IYIFETA, PSIF and XKSAT. 

Basic soil parameters for the developedcondition were assumed to be the same as the weighted 

parameters for the onsite existing condition. This presumes no change due to grading and 

earthwork. DTHETA assumes the dry condition except for the golf course and open space 

areas which assume half dry and half normal conditions. XKSAT is modified assuming 25 

percent vegetative cover (same as existing condition) except in the golf course/open space area 

where half is assumed to have 100 percent cover and the other half is assumed a t  25 percent. 



In addition to the connected impervious and Green-Ampt soil loss considerations, HEC-1 also 

considers an initial rainfall abstraction or surface retention loss. In HEC-1, this loss only 

applies to pervious and non-conneded impervious land use. Estimates of surface retention loss 

are estimated h m  Table 4.1 of the Hydrology Manual and range fkom 0.10 inches for 

commercial and recreation center to 0.15 inches for residential land use to 0.35 inches for 

existing desert or proposed golf and open space. 

Rai~Iall losses for the Rational Method are estimated by a single runoff coefficient parameter. 

This coefficient varies according to land use. Coefficients were selected based on Table 3.2 of 

the Hydrology Manual. A 100-year frequency factor of 1.25 is applied to runoff coefficients in 

anticipation of the next revision of the Hydrology Manual. 

In general, all loss rate parameters for onsite developed conditions are area-weighted for sub- 

basins consisting of multiple land use. A summary of Green and Ampt loss rate parameters, 

initial abstract and percent impervious as well as Rational runoff coefficients and associated 

rainfall excess is presented in Table 2. 

Hydrograph routing in HEC-1 for this report is performed using kinematic wave and modified 

Puls options. Kinematic wave routing applies only to concrete lined trapezoidal channels and 

roadways. Modified Puls muting applies to both channel and detention basin routing in the 

golflopen space areas. Cross sections for routing purposes are derived h m  grading and golf 

course plans. No infiltration/percolation losses are assumed for any modified Puls routing. 

Longitudinal channel slopes are estimated based on grading and golf course plans. The 



TABLE 2 

W A L L  LOSSES FOR ONSITE AREAS 

(Raidall Excess Based on 100-Year, BHour Storm of 2.77 Inches) 

CLARK UNITGRAPH LOSS RATES 

Land Use 

Single Family Residential & Casita 

Golflopen Space 

Commercial & Recreation Center 

Exist. Onsite Desert 

JUTIONAL METHOD RUNOFF COEFFICIENTS 

Land Use 

Single Family Residential & Casita 

Initial 
Loss PSIF 

[Inches) DTHETA (Inches) 

Base Runoff Freq~ency 
Coefficient C - Factor 

GolEIOpen Space 0.28* 1.25 

Commercial & Recreation Center 0.70 1.25 

Rainfall 
XKSAT RTIMP Excess 
0 (Percent) (Inches) 

Rainfall 
Adjusted Runoff Excess 

Coefficient C (Inches) 

* Composite C based on half turf 63 C = 0.20 and the other half desert @ C = 0.35 



number of routing steps is one (1) for reservoir routing. For channel routing, it is estimated 

based on reach length divided by an assumed average flow velocity of 5 feetlsecond divided by 

the computation time interval of 5 minutes (or 300 seconds). 

Detention basin volumes are estimated by HEC-1 on the basis of elevation-area input. Areas 

are estimated with the use of a digital planimeter. As mentioned previously, many detention 

basins reflect the sum of several sub-detention basins within them. The maximum possible 

depth of any detention basin is 6 feet measured 6.om the lowest ground surface to the highest 

possible water surface stage. The hydraulics of detention basin outlets is discussed in the 

Hydraulic Assumptions and Methods section of this report. 



HYDROLOGIC MODELS 

There are three HEC-1 models presented in this report. Model 11389A1 considers the entire 

contributing area to the southeast corner of the proposed expansion as one basin, existing 

conditions. Model 11389A2 takes the same existing condition basin in 11389A1 and breaks it 

into sub-basins according to onsite and offiite areas. Model 11389B takes the onsite sub- 

basin in 11389A2 and breaks it into developed condition sub-basins with channel and detention 

basin routing. In addition to these HEC-1 models, this report will present a comparison of peak 

flows and volumes from the Rational Method to those h m  Clark Unitgraph for three selected 

onsite developed sub-basins. 

HEC-1 models 11389A1 and 11389A2 are intended to provide an existing condition peak 

discharge for comparison to the previous estimate by HDR and to the proposed developed 

condition. These two models also compare, between each other, the effects of breaking the total 

area into smaller sub-basins. Offiite flows in model 11389A2 are routed through the onsite 

area in hypothetical channels. An abbreviated output of HEC-1 model 11389B is included in 

Appendix C. Full input files of all HEC-1 models are provided on diskette in Appendix A. 



HYDRAULIC ASSUMPTIONS AND METHODS 

Hydraulic analysis in this report encompasses a variety of items ranging from flow in streets 

to flow in open channels to discharge through detention basin outlets. Hydraulic methods are 

taken from a number of sources including the County's Draft Drainage Design Manual, 

Volume 11, Hydraulics. Analysis and calculations are found primarily in Appendix D of this 

report. References to the applicable source and summaries of major assumptions are generally 

found with the particular analysis. 

An analysis of flow conveyance in streets is included in Appendix D. It is intended primarily 

as a standardized design aid for future subdivision units although it was also used along with 

estimated discharges, to locate approximately where storm drains will be required in order to 

stay within established street conveyance criteria. The street conveyance analysis is based on 

Manning normal depth. 

Approximate storm drain locations are illustrated on Figure 4. No pipe sizing or line grades 

have been set at this time. In general, storm drain design will be done along with the 

necessary hydraulic analysis as part of the associated roadway or subdivision improvement 

plans. Hydrology will be based on a 10-year return kequency in conjunction with 10-year 

roadway conveyance criteria. 

Hydraulic analysis of the open channel system which will intercept flows fi-om offsite areas in 

the completely developed scenario is based on Manning normal depth. Preliminary grades and 

channel sections are presented in Appendix D for the channel proposed along the northern 

boundary of the project. Hydraulics for gunite lined channels along the west boundary and for 



those channels which convey offiite flows into the golf course open space area in the completely 

developed scenario have been addressed on a typical section basis only. These channels will 

be designed and built at  that point in time when they are required to protect adjacent 

subdivision units. 

Hydraulic analysis of detention basin outlets falls into three categories. ~ ~ d ~ u l i c s  for basins 

with outlets consisting of small diameter pipe and overflow weirs is analyzed directly in HEC-1 

with basic input provided on SL and SS records. Basic assumptions are listed in HEC-1 input. 

Detention basin outlets consisting of roadway culverts are analyzed hydraulically using the 

Hydraulic Engineering Circular No. 5 approach presented in the Hydraulics Manual. 

Assumptions and basic data are presented in Appendix D. Results are input to HEC-1 via SE 

and SQ records. Generally,. culvert analysis assumes no clogging and no safety grates or 

associated losses. OutIet flow velocities for all culverts have been estimated based on a 

Manning analysis assuming no backwater effects. Excessive velocities occur at some culverts. 

This will be addressed in detail with each future specific culvert design. 

Detention basin 330 at the southeast corner of the Expansion Area is unique. Its outlet is 

neither a weir nor a culvert but a short section of transition channel between the basin and the 

existing channel along Deer Valley Drive. Detention within basin 330 is created primarily by 

the restrictive backwater influence of the existing Deer Valley channel. The elevation - 

discharge relationship for detention basin 330 is based on a short HEC-2 backwater analysis 

that begins about 300 feet downstream of the Expansion Area's eastern property line. The 

HEC-2 analysis is presented in Appendix D of this report. 



The limits of flooding and ponding within the golf course and open space areas have been 

delineated on the grading and drainage plans for the Expansion Area which accompanies this 

report. These limits are approximated on the following basis. Conveyance reaches are 

analyzed as open channel by either normal depth or standard step backwater. Backwater 

analysis was run on the southernmost golfcourse channel due to its size and magnitude of flow. 

HEC-2 model SCWEH2C is presented in Appendix D for this reach. Flooding limits are based 

on computed water surface elevations. 

Flooding limits on all other conveyance reaches are estimated on the basis of normal depth 

hydraulics utilizing the routing reach cross sections from HEC-1 model 11389B. Also utilized 

from HEC-1 to delineate potential ponding limits are the maximum stage elevations for each 

of the detention basins. In cases where more than one approach was possible, the highest 

water surface was used to delineate flooding/ponding limits. Because of the generally 

insignificant capacity of the small diameter golf course drainpipe, it was not considered in any 

of the conveyance analysis or conveyance flooding limits. 



INTERIM DFUINAGE FACILITIES AND FIRST CONSTRUCTION PHASE 

The first phase of construction & the Expansion Area involves grading of the entire golf course 

and three parcels of land which lie in Section 15. These areas will be graded to the contours 

presented on the grading and drainage plans which accompany the Master Drainage Report. 

Nearly all of the major drainage and stormwater detention features associated with the golf 

course as described earlier will be constructed with the first phase of improvements. 

Deer Valley Drive culverts associated with concentration points DETlSO and DET220 and the 

Williams Drive culvert associated with concentration point DET270 will be constructed with 

the first phase of improvements. Their specific design will be hcluded with roadway and 

subdivision improvement plans for the three parcels in Section 15 which will follow shortly 

after the grading and drainage plans. 

At this time, it is anticipated that all other culverts will be constructed with later phases of 

development. Proposed detention volumes associated with culverts a t  concentration points 

DET40, DETlOO and DETlBO as modeled in HEC-1 run 11389B will not be provided initially. 

Interim drainage which approaches the up-slope side of the golf course will be diverted by 

temporary ditches and grading along the golf course perimeter. This will direct flows to 

concentration points anticipated in ultimate design. Temporary silting basins will be provided 

at these points of inflow to allow some of the heavier sediment to drop out before entering the 

golf course. Rock-lined spillways and stilling basins will be provided at the golf course inflow 

points. 



The existing condition peak discharge a t  the southeast corner of the Expansion Property is 

estimated a t  2,300 cfs for the 100-year 2-hour storm using the Flood Control District's 

Hydrology Manual. The 1977 report by HDR does not identify this particular location as a 

concentration point. Based on HDR concentration point 59 which is just downstream h m  the 

Expansion Property's southeast corner, the estimated peak discharge is about 1800 cfs. HDR 

used a 100-year 24-hour storm and the SCS TR-20 watershed model. 

The capacity of the existing improved channel along Deer Valley Drive downstream from the 

expansion property is about 1400 cfs at  the top of the south bank. The south bank is about 

5.5 feet above the channel bottom. At a depth of 6.5 feet, the capacity is about 2000 cfs. Flow 

velocities in the channel are on the order of 6 feet per second a t  bank-fdl depths. 

Hydraulics of the Deer Valley Road channel are based on the HEC-2 backwater analysis in 

Appendix D which covers the area immediately downstream of the Expansion Area. Based on 

field inspection and measurement, it appears that the channel has been constructed 

substantially close to original design and has functioned adequately since constructed in about 

1983. Using the estimated existing condition 100-year peak flow of 2300 cfs f?om this report, 

there is a potential for overflow indicated on both sides of the channel. 

With the proposed expansion of Sun City West, there will be a significant amount of 

stormwater detention provided on a significant portion of the overall contributing area. Using 

current drainage criteria, the estimated peak discharge after development will be about 1600 



cfs. This would be a net reduction of 700 & and would correspond to a depth of just under 6 

feet in the channel along Deer Valley Drive. 

The proposed Expansion Area comprises almost half of the total area contributing to the 

channel along Deer Valley Drive at the downstream limit of the proposed expansion. Runoff 

from slightly more than half of the onsite area is detained in basins that are separate h m  

offsite flow. Detention basins for the remaining area handle both onsite and offiite flows. 

Collectively, onsite detention basins provide enough volume at their peak stages to just exceed 

the total 100-year 2-hour detention requirement. Table 3 contains a summary of the onsite 

areas, their peak flows and their volumes. Table 4 contains a summary ofbasic detention basin 

data, peak stages and corresponding volumes. The maximum drawdown time on any of the 

proposed detention basins is about 10 hours. The average is less than 5 hours and the 

maximum allowable is 36 hours under County criteria. 

Three onsite sub-basins were selected for comparison between the Rational Method and Clark 

Unitgraph. Sub-basin 21 0 represents one of the smaller, primarily golf course sub-basins. Sub- 

basins 290 and 130 represent typical smaller and larger (respectively) primarily residential 

sub-basins. As mentioned previously, this comparison is made using the same basic watersh'ed 

area, length, slope, resistance coefficient and rainfall data. Rational Method peak flows were 

about 15% higher than corresponding Clark Unitgraph peaks for residential basins 130 and 

290. This is fair agreement in a hydrologic sense. On the other hand, the Clark Unitgraph 

peak for golf course basin 210 is about 40% higher than the Rational Method Peak. In general, 



Green-Ampt loss rates used with Clark Unitgraph produce about 10% more runoff volume than 

with corresponding Rational runoff coefficients. 



TABLE 4 
PEAK FLOWS AND RUNOFF VOLUMES FOR ONSITE SUB-BASINS 

100-YEAR, 2-HOUR STORM; HEC-1 MODEL 11389B 

PEAK RUNOFF 
SUB-BASIN DISCHARGE VOLUME 

NUMBER (cis) (ac-it) 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

5 65 3 
10 8 1 
15 23 1 
2 0 28 1 
25 19 1 
30 5 6 3 
3 5 60 2 
40 26 1 
4 5 2 8 1 
5 0 19 1 
5 5 28 1 
60 59 3 
6 5 22 1 
7 0 28 1 
7 5 22 1 
80 25 1 
8 5 24 1 
90 25 2 
9 5 25 1 
100 42 2 
105 27 1 
110 7 1 2 
115 6 9 3 
120 4 9 2 
125 2 6 1 
130 6 6 3 
135 5 6 2 
140 6 5 4 
145 25 1 
150 3 6 1 
155 5 6 2 
160 5 3 2 

PEAK RUNOFF 
SUB-BASIN DISCHARGE VOLUME 

NUMBER (cfs) (ac-ft) 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

165 70 3 
170 3 5 1 
175 2 7 2 
180 5 2 2 
185 5 2 3 
190 6 7 2 
195 2 7 1 
196 5 2 4 
200 29 1 
205 2 2 1 
210 2 8 1 
215 7 1 3 
220 22 1 
225 6 4 2 
230 5 7 4 
235 12 1 
240 8 1 4 
245 17 1 
250 4 2 2 
255 6 1 
260 3 2 1 
270 24 1 
280 6 1 3 
290 3 3 1 
295 2 4 1 
300 2 8 1 
305 49 2 
310 4 0 2 
315 2 5 1 
320 43 3 
325 5 8 3 
330 6 2 4 
335 8 6 3 

Total Detention 
Volume Required 119 ac-ft 



TABLE 4  7  -16-92 

SUMMARY OF DETENTION BASIN CHARACTERISTICS 
HEC-1 MODEL 11389B 

VOLUME STORAGE 
DET BARREL WI ER WIER MIN MAX LOWEST MAX 

BASIN # OF SIZE CREST LENGTH Qout BASIN STAGE ADJAC DEPTH FREEBRD TAGE CREST 
# BARRELS ELEV ( f t )  ( C P : ~  ( c f s )  ELEV 

$ MAX @ 

REAR YD ( f t )  ( f t )  ( a c - f t )  ( a c - f t )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* 40 2  101X3' N A NA 395 371 1295 1297.9 1300.0 2.9 2 . 1  1 . 6  N A 

* 45 1 2 4 " 1 2 9 2 . 0  190 368 365 1 2 8 8 1 2 9 2 . 8 1 2 9 6 . 0  4 .8  3.2 3 . 1  2 . 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
145 1 24" 1300.5 150 2  5  1 4  1296 1297.9 1302.5 1 .9  4 .6  0 . 3  3 .7  

150 2  36" N A NA 247 102 1 2 9 4 1 2 9 8 . 8 1 3 0 0 . 0  4 .8  1 . 2  5 . 5  N A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
175 1 24" 1293.0 50 135 98 1292 1293.7 1296.0 1 . 7  2.3 5 . 5  3 .9  

185 1 24" 1295.0 3  0  5  2  19 1288 1293.8 1296.0 5.8 2.2 1 . 2  2 .3  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
190 2  36" N A NA 149 72 1 2 8 1 1 2 8 5 . 0 1 2 8 8 . 0  4 .0  3 . 0  9 . 6  N A 

200 2  24" 1278.0 70 156 65 1273 1278.2 NA 5.2 NA 8 . 9  8 . 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
125 2  24" 1273.5  60 295 258 1 2 6 9 1 2 7 4 . 7 1 2 8 2 . 0  5.7 7 . 3  4 . 3  2 .6  

* 100 4  12'X4' NA NA 1338 1297 1268 1272.8 1275.0 4 .8  2.2 7 . 3  NA - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
* 220 4  12'X4' N A NA 1305 1186 1265 1269.6 1271.0 4.6 1 . 4  21.0  N A 

235 1 12" 1295.5 80 12 3  1293 1293.5 1296.0  0 . 5  2 . 5  0 . 3  1 . 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
245 2  24" 1292.0  50 157 134 1 2 8 9 1 2 9 2 . 8 1 2 9 5 . 0  3 .8  2.2 2 . 4  1 . 6  

* 250 2  24" 1284.5  60 680 610 1281 1286.8  1288.5 5 .8  1 . 7  7 . 8  2 . 0  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
* 270 3  12'X3' N A NA 638 614 1281 1284.7 1286.0  3.7 1 . 3  2 . 4  N A 

* 295 2 24" 1279.0 80 609 599 1 2 7 6 1 2 8 0 . 9 1 2 8 2 . 0  4 .9  1.1 4 . 2  1.1 
- - - - - - - - - - - _ - _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
* 300 1 24" 1274.5  140 624 618 1271 1275.9 1279.0 4 .9  3 . 1  5 . 7  2 .9  

* 330 TRANS CHANNEL N A NA 1737 1608 1264 1269.4  1272.0  5 . 4  2 .6  32 .9  13 .7  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

TOTAL ONSITE DETENTION 124.0  AC-FT 

* Deten t ion  b a s i n  r e c e i v e s  combined o n s i t e  and o f f s i t e  f lows .  A l l  o t h e r  b a s i n s  
r e c e l v e  o n l y  o n s l t e  f lows .  



BIBLIOGRAPHY 

1. Uniform Drainage Policies and Standards for Mariwpa County, Arizona; February 25, 
1987. 

2. Drainage Regulations for the Unincorporated Area ofMariapa County, Arizona; October 5, 
1988. 

3. Hydrological Design Manual for Maricopa County, Arizona; September 1, 1990 with 
MCUHPl program dated revised December 16,1991. 

4. Draft Drainage Design Manual for Maricopa County, Arizona, Volume 11, Hydraulics; 
November 1991. 

5. Corps of Engineers HEC-1 Computer Hydrograph Package, Version 4.0, September 1990. 

6. Corps of Engineers HEC-2 Computer Backwater Program, Version August 1985. 

7. Sun City West Drainage Master Plan, HDR Engineers, 1977. 

8. Flood Insurance Rate Map for Mariwpa County, Panels 04013C1135E,*1145E, 1155E, 
-. 1165F, September 4,1991. 

9. United States Geological Survey 7.5 Minute Quadrangles Calderwood Butte and McMicken 
Dam. 

10. Onsite Topography, 1 ft. Contour Interval, Prepared by &M€?Y Aerial, Dated December 
1990. 

11. Soil Survey of Mariwpa County, Central Part, Soil Conservation Service, September 1977. 







APPENDIX B 
HYDROLOGY AND SUPPORTING HEC-1 DATA 
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FIGURE 7 



NOTE: THIS MAP REPRODUCED FROM SOlL SURVEY OF MARICOPA 

COUNTY, ARIZONA - CENTRAL PART, SOlL CONSERVATION 

SERVICE, SEPTEMBER 1977, SHEETS 2 & 3. REFER TO THAT 

SURVEY FOR DESCRIPTION OF SOILS. 

GREEN AND AHPT RAINFALL LOSS PARAMETERS BY SCS SOIL TYPE 

I A I A  DTHETA DTHETA P S I F  XKSAT 
SCS SOIL TYPE (dry) (norm) (dry) (norm) ----------------.------------------------------------------------------- 
SANDY LOAM 
A M .  A d .  Ad0 
AGE; AHC; GYD 0.7 0.6 0.35 0.25 4.3 
GUD, RaA, Vc, Va 

0.4 

LOAM 
E s ,  GgA, GM, LcA 0.6 0.5 0.35 0.25 3.5 0.25 

B FIGURE 8 

SCALE: 1.-2000~ 

SUN CITY WEST 

EXPANSION 

S,OlLS MAP- 

EXlSTlNG CONDITION 

STANLEY CONSULTANTS, INC. 

SC1+ 1 1389 
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BASIC SUB-BASIN PARAMETERS 7-15-92 

RES IST COEFF PARAMETERS - - - - - - - - - - - - - - - - - -  LAND USE IA DTHETA PSIF XKSAT RTIMP - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
Res SF 
Res CAS 

Golf/O. S . 
Comm 

Exst des 

SPECIFIC SUB-BASIN DATA (MCUHP1 input f i l e )  WEIGHTED GREEN / AMPT PARAMETERS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Sub - Area Length Resist. Slope 

Basin # (ml 2)  - (ml) Coeff, Kb (ft/ml) 
IA DTHETA PSIF XKSAT RTIMP Tc R 

( %  1 (hr) (hr 

ONS ITE 
5 0 .031  

10 0.008 
15 0.013 
20 0.012 
25 0.008 
30-- -0,026 
35 0 .023 
40 0.014 
45 0 .011  

0 ,010  5s 0.015 
60 0 .031  
65 0.017 
70 0 .015 
75 0.009 
80 0 .013 
85 0.014 
90 0 .016 
9 5 0.012 

100 0 .024 

SHEET 1 OF 2 



Sub - AXea Length Res i s t  
Basln # (ml 2 )  (mi) Coef f , ~b 

Slope 
( f t /ml)  

IA DTHETA 

- - - - - -  
TOTAL 1.298 SQ.MI. 
ONSITE 
AREA 

PSI F RTIMP T c R 
( % )  (hr)  (hr) . - - _ _ - _ _ _ _ _ _ - - _ _ _ _ _ - - - - - - -  

SHEET 2 OF 2 

,L.L .,, GREEN AND AMPT RAINFALL LOSS PARAMETERS FOR EXISTING DESERT 
ARE WEIGHTED BY AREA OF INDIVIDUAL SOIL TYPES WITHIN EACH SUB-BASIN. 

NOTE: GREEN AND AMPT RAINFALL LOSS PARAMETERS FOR ONSITE DEVELOPED AREASI,ARE 
BASED ON EXISTING CONDITION ONSITE AREA WEIGHTED VALUES FROM SUB-BASIN "E . 



RAT lOOYR 7-15-92 

RATIONAL METHOD FOLLOWS THE PROCEDURE OUTLINED IN THE FCDMC HYDROLOGIC DESIGN MANU 

TIME OF CONCENTRATION (100-YR STORM) 

The fo l lowing equation i s  used i n  conjunct ion wi th  Fig. 3.2 i n  Hydro Manual. 

Tc i s  the Time o f  Concentration (hours) 
L i s  the Length of the Longest f l o u  path i n  the sub-basin (miles) 
Kb i s  the watershed resistance coe f f i c ien t  (weighted by Land use) 
S i s  the slope of the watercourse (feet/mi l e )  
i i s  the r a i n f a l l  i n t e n s i t y  (inches/hour) 

RESISTANCE COEFFICIENT PARAMETERS 

SPECIFIC SUB-BASIN DATA 

Sub- Area Length Length Slope Resist. Land Use (percent) 
Basin # (acres) ( f t )  (mi) ( f t / m i )  Coeff Kb 

130 19.105 1860 0.352 22.7 0.032 SF/100 
210 5.806 400 0.076 52.8 0.112 SF/20 GOL/80 
290 8.366 1150 0.218 29.8 0.034 SF/lOO . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

CALCULATION OF Tc 
SUB-BASIN 130 assume i n i t i a l  value f o r  i: 6.00 in /hr  
Tc = 0.22 hours so the neu i is :  6.50 in /hr  recalc Tc 
Tc = 0.21 hours so ........ i is :  6.50 in /hr  << USE THIS 

SUB-BASIN 210 assume i n i t i a l  value f o r  i: 7.50 in /hr  
Tc = 0.14 hours so the new i is:  7.40 in /h r  recalc Tc 
Tc = 0.14 hours so .... .... i is:  7.40 in /h r  << USE T H I S  

SUB-BASIN 290 a s s m  i n i t i a l  value f o r  i: 7.00 in /hr  
Tc = 0.15 hours so the new i is: 7.20 in /hr  ' recalc Tc 
Tc = 0.15 hours so ........ i is :  7.20 in /h r  << USE THIS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

COEFFICIENTS OF RUNOFF 
C-factors are weighted by area of d i f f e r e n t  Land uses w i t h i n  the sub-basin. 

Raw Frequency Adjusted 
C-value Factor C-value 

SFR 0.5 1.25 0.63 
CAS 0.5 1.25 0.63 
GOLF 0.28 1.25 0.35 
COMM 0.7 1.25 0.88 

SUB-BASIN 130 SFR = 100 % 
Weighted C = 0.63 

SUB-BASIN 210 SFR = 20 % GOLF = 80 % 
Weighted C = 0.41 

SUB - BAS I N 290 SFR = 100 % 
Weighted C = 0.63 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

CALCULATION OF RUNOFF (100-YR STORM) 
SUB-BASIN # C i A Q 

( in /h r )  (acres) (c fs )  
SUB130 0.63 6.50 19.11 77.61 
SUB21 0 0.41 7.40 5.81 17.40 
SUB290 0.63 7.20 8.37 37.65 



RATIONAL METHOD FOLLWS THE PROCEDURE OUTLINED IN THE FCDMC HYDROLOGIC DESIGN MANU 

TIME OF CONCENTRATION 

The fo l lowing equation i s  used i n  conjunct ion u i t h  Fig. 3.2 i n  Hydro Manual. 

Tc i s  the Time o f  Concentration (hours) 
L i s  the length of the Longest f l o u  path i n  the sub-basin (miles) 
Kb i s  the watershed resistance coe f f i c ien t  (ueighted by Land use) 
S i s  the slope o f  the watercourse (feet/mi l e )  
1 i s  the r a i n f a l l  i n t e n s i t y  (inches/hour) 

RESISTANCE COEFFICIENT PARAMETERS 

SPECIFIC SUB-BASIN DATA 

Sub- Area Length 
Basin # (acres) ( f t )  

130 19.105 1860 
210 5.806 400 
290 8.366 1150 . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Length 
(mi) 

0.352 
0.076 
0.218 

, - - - - - - -  

Slope Resist. Land Use (percent) 
( f t /m i )  Cwff Kb 

22.7 0.032 SF/100 
52.8 0.112SF/20 WL/80 
29.8 0.034 SF/lOO . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

CALCULATION OF Tc 
SUB-BASIN 130 a s s w  i n i t i a l  value f o r  i: 3.50 in /hr  
Tc = 0.2666 hours so the neu i is:  3.60 in /hr  recalc Tc 
Tc = 0.2638 hours so ........ i is:  3.60 in /h r  << USE T H I S  

SUB-BASIN 210 assume i n i t i a l  value f o r  i: 4.00 in /hr  
Tc = 0.17 hours so the new i is :  4.50 in /hr  recalc  Tc 
Tc = 0.17 hours so ........ i is: 4.50 in /hr  << USE THIS 

SUB-BASIN 290 assume i n i t i a l  value f o r  i: 4.00 in /hr  
Tc = 0.19 hours so the neu i is :  4.20 in /hr  recalc  Tc 
Tc = 0.19 hours so ........ i is :  4.20 in /h r  << USE THIS 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

COEFFICIENTS OF RUNOFF 
C-factors are ueighted by area o f  d i f f e r e n t  land uses w i t h i n  the sub-basin. 

Rau Frequency Adjusted 
C-value Factor C-value 

SFR 0.5 1 0.50 
CAS 0.5 1 0.50 
GOLF 0.28 1 0.28 
COMM 0.7 1 0.70 

SUB-BASIN 130 SFR = 100 % 
Ueighted C = 0.50 

SUB-BASIN 210 SFR = 20 % GOLF = 80 X 
Weighted C = 0.32 

SUB- BAS1 N 290 SFR = I00  X 
Weighted C = 0.50 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
CALCULATION OF RUNOFF (10-YR STORM) 
SUB-BASIN # C , i  A Q 

( in /h r )  (acres) (c fs )  
SUB130 0.50 3.60 19.11 34.39 
SUB210 0.32 4.50 5.81 8.47 
SUB290 0.50 4.20 8.37 17.57 
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BASIC SUB-BASIN PARAMETERS 7-15-92 

RESIST COEFF PARAMETERS ------.------------------- 
m(res, corn) = 
mcdesert) = 
m(golf, o.s.1 = 
b(res, corn) = 
b(desert1 = 
b(go l f ,  0.s.) = 

LAND USE IA DTHETA PSIF 
- - - - * * - - - - - - - - - - - - - * - - - - - - - - - - - - - - - - - - .  

-0.00625 Res SF 0.150 0.350 5.050 
-0.01600 ResCAS 0.150 0.350 5.050 
-0.02500 Golf/O.S. 0.350 0.300 5.050 
0.04000 Corn 0.100 0.350 5.050 
0.10000 Exst des 0.350 ** ** 
0.15000 

XKSAT RTIMP ..-------.------ 
0.230 25.000 
0.230 25 .OOO 
0.300 1.000 
0.230 80.000 

** 1.000 

SPECIFIC SUB-BASIN DATA (MCUHPI input  f i l e )  WEIGHTED GREEN / AMPT PARAMETERS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Sub- Area Area Length Resist .  Slope IA OTHETA PSIF XKSAT RTIMP 

Basin # (ac) (miA2) (mi) Coeff, Kb ( f t /m i )  (%I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
OFFSITE 

C2 17.000 0.027 0.303 0.080 13.2 0.350 0.350 6.050 0.200 1 .O 
D4 57.000 0.089 0.587 0.072 32.4 0.350 0.350 4.340 0.260 1 .O 

ONSITE 
130 19.105 0.030 0.352 0.032 22.710 0.150 0.350 5.050 0.230 25.000 
210 5.806 0.009 0.076 0.112 52.800 0.310 0.310 5.050 0.286 5.800 
290 8.366 0.013 0.218 0.034 29.843 0.150 0.350 5.050 0.230 25.000 

RESULTS OF MCUHPl 

100-YR STORM 50-YR STORM 10-YR STORM 2-YR STORM 
Tc R Tc R Tc R Tc R . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C2 0.512 0.531 0.583 0.613 0.900 0.992 1.000 1.116 
D4 0.512 0.457 0.483 0.527 0.892 0.845 1.000 0.959 



COMPARES FLOWS OF 2, 10 AND 50 YEAR STORMS WITH 100 YEAR FLOW. 
FLOWS CALCULATED USING MCUHPl AND HEC-1 

RATIO RATIO RATIO 
50 yr/ 10 yr/ 2 yr/ 

SUBAREA 100 yr 50 yr 100 yr 10 yr 100 yr 2 yr 100 yr 

PRECIP 2.77 2.45 0.88 1.70 0.61 1.00 0.36 

SUBC 2 3 0 22 0.73 7 0.23 1 0.03 
SUBD4 109 82 0.75 2 7 0.25 2 0.02 
SUB130 66 54 0.82 28 0.42 7 0.11 
SUB210 2 8 22 0.79 10 0.36 1 0.04 
SUB290 3 3 2 8 0.85 15 0.45 4 0.12 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
AVERAGE 0.79 0.34 0.06 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * - - - - -  

COMPARES FLOWS OF 10 YEAR STORM WITH 100 YEAR FLOW. 
FLOWS CALCULATED USING RATIONAL METHOD (COUNTY HYDROLOGIC MANUAL) 

RATIO 
10 yr/ 

SUBAREA 100 yr 10 yr 100 yr 

PRECIP 2.77 1.70 0.61 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
AVERAGE 0.47 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



APPENDIX C 
HEC-1 PRINTOUT 



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* 
* FLOOD HYDROGRAPH PACKAGE (HEC-1) * 
* SEPTEMBER 1 9 9 0  * 

VERSION 4.0 
* * 
* RUN DATE 0 7 / 1 6 / 1 9 9 2  TIME 20:09:15 * * * 
......................................... 

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

U.S. ARMY CORPS OF ENGINEERS 
* HYDROLOGIC ENGINEERING CENTER 
* 6 0 9  SECOND STREET t 

DAVIS, CALIFORNIA 9 5 6 1 6  * 
* (916) 7 5 6 - 1 1 0 4  t 

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

X X XXXXXXX XXXXX X 
X X X  X X XX 
X X X  X X 
XXXXXXX XXXX X XXXXX X 
X X X  X X 
X X X  X X X 
X X XXXXXXX XXXXX XXX 

T H I S  PROGRAM REPLACES A L L  PREVIOUS VERSIONS OF HEC-1 KNOUN AS HECl (JAN 73), HECIGS, HEClDB, AN0 HEClKU. 

THE DEFIN IT IONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTURE. 
THE D E F I N I T I O N  OF -AMSKK- ON RM-CARD WAS CHANGED U I T H  REVISIONS DATED 2 8  SEP 81. T H I S  I S  THE FORTRAN77 VERSION 
NEU OPTIONS: DAMBREAK W T F L O U  SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION, DSS:URITE STAGE FREQUENCY, 
DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMP1 INF ILTRATION 
KINEMATIC WAVE: NEW F I N I T E  DIFFERENCE ALGORITHM 

HEC-1 INPUT PAGE 1 

L I N E  

I D  
I D  SUN C I T Y  WEST EXPANSION MASTER DRAINAGE 
I D  STANLEY CONSULTANTS JOB # 11389 DATE: 16 JUL 9 2  
I D  HEC-1 MODEL 11389A1  (EXIST ING CONDITIONS; SINGLE BASIN) 
1 D 
I D  CLARK U N I T  HYDROGRAPH 

2-HR STORM DISTRIBUTION (TABLE 2.2) PIOO = z.nI8 
NO AREAL REDUCTION FACTOR 

GREEN-AMPT LOSS RATES FOR EXIST ING CONDITIONS BASED ON 
AREA-UEIGHTED VALUES OF EXIST ING SOILS ASSUMING DTHETA DRY 
AND VEGETATIVE COVER 2 5  PERCENT. 
I A  ASSUMED TO BE 0.35 INCHES AND PERCENT IMPERVIOUS ASSUMED 
TO BE 1 PERCENT. 

K b  BASED ON m = -0 .016  and b = 0.10 
I D  
I D  TIME OF CONCENTRATION AND STORAGE COEFFICIENT R 
I D  BASED ON RESULTS FROM MCUHPl (REVISED 1 2 - 1 6 - 9 1 )  
I D  
I D  TIME-AREA RELATION FROM TABLE 5.2, USE NATURAL 
1 D TIME-AREA UA RECORD 
I D  
*DIAGRAM 
I T  5 1 5 0  
1 0  3 

SUBTOT 
SUB-BASIN TOTAL - OFFSITE AREAS A, B1, 82,  C AND D AND ONSITE AREA E 



1 
SCHEMATIC DIAGRAM OF STREAM NETUORK 

INPUT 
L I N E  (V)  ROUTING ( - - -> )  DIVERSION OR PUMP FLOW 

NO. ( . I  CONNECTOR ( < - - - )  RETURN OF DIVERTED OR PUMPED FLOU 

(***) RUNOFF ALSO COMPUTED AT T H I S  LOCATION . 
.......................................... 
* * 
* FLOOD HYDROGRAPH PACKAGE (HEC- I )  * 
i SEPTEMBER 1 9 9 0  * 
* VERSION 4.0 * 
* * 
* RUN DATE 07/16/1992 TIME 20:09:15 * 
* * 
......................................... 

....................................... 
* * 
* U.S. ARMY CORPS OF ENGINEERS * 
* HYDROLOGIC ENGINEERING CENTER * * 6 0 9  SECOND STREET t 

* DAVIS, CALIFORNIA 9 5 6 1 6  * 
(916) 7 5 6 - 1 1 0 4  * 

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

SUN C I T Y  WEST EXPANSION MASTER DRAINAGE 
STANLEY CONSULTANTS JOB # 11389 DATE: 16 JUL 9 2  
HEC-1 MODEL 1 1 3 8 9 A 1  (EXIST ING CONDITIONS; SINGLE BASIN) 

CLARK U N I T  HYDROGRAPH 

2-HR STORM DISTRIBUTION (TABLE 2.2) P lOO = 2.77" 
NO AREAL REDUCTION FACTOR 

. GREEN-AMPT LOSS RATES FOR EXIST ING CONDITIONS BASED ON 
AREA-UEIGHTED VALUES OF E X I S T I N G  SOILS ASSUMING DTHETA DRY 
AND VEGETATIVE COVER 2 5  PERCENT. 
I A  ASSUMED TO BE 0.35 INCHES AND PERCENT I M P E R V I W S  ASSUMED 
TO BE 1 PERCENT. 

Kb BASED ON m = -0 .016  and b = 0 . 1 0  

TIME OF CONCENTRATION AND STORAGE COEFFICIENT R 
BASED ON RESULTS FROH MCUHP1 (REVISED 12-16-91) 

TIME-AREA RELATION FROM TABLE 5.2, USE NATURAL 
TIME-AREA UA RECORD 

2 6  I 0  OUTPUT CONTROL VARIABLES 
IPRNT 3 PRINT CONTROL 
IPLOT 0 PLOT CONTROL 
QSCAL 0. HYDROGRAPH PLOT SCALE 

I T  HYDROGRAPH TIME DATA 
NMIN 5 MINUTES I N  COMPUTATION INTERVAL 

IDATE 1 D STARTING DATE 
I T I M E  0 0 0 0  STARTING TIME 

NP 1 5 0  NUMBER OF HYDROGRAPH ORDINATES 
NDDATE 1 0 ENDING DATE 
NDTIME 1 2 2 5  ENDING TIME 
ICENT 19 CENTURY MARK 

COMPUTATION INTERVAL .08 H W R S  
TOTAL TIME BASE 12.42 H W R S  

ENGLISH U N I T S  
DRAINAGE AREA SQUARE M I L E S  
PRECIP ITATION DEPTH INCHES 
LENGTH, ELEVATION FEET 
FLOW CUBIC FEET PER SECOND 
STORAGE VOLUME ACRE- FEET 
SURFACE AREA ACRES 
TEMPERATURE DEGREES FAHRENHEIT 



************** 
* * 

2 7  KK * SUBTOT * * t 

************** 
SUB-BASIN TOTAL - OFFSITE AREAS A, 61, 02, c AND D AND ONSITE AREA E 
CONCENTRATION POINT I S  AT S W T H  EAST CORNER OF THE EXPANSION AREA 

TIME DATA FOR INPUT TIME SERIES 
JXMIN 5 TIME INTERVAL I N  MINUTES 

JXDATE 1 0 STARTING DATE 
JXTIME 0 STARTING TIME 

SUBBASIN RUNOFF DATA 

SUBBASIN CHARACTERISTICS 
TAREA 2.93 SUBBASIN AREA 

PRECIPITATION DATA 

STORM 2.77 BASIN TOTAL PRECIPITATION 

INCREMENTAL PRECIPITATION PATTERN 
- 0 1  .01 .01 .O1 .OO - 0 1  .03 .03 .04 .04 
- 0 6  - 0 9  - 2 7  .14 - 1 2  .04 .03 .02  .O1 .O1 
.01 .oo .O1 .01 

GREEN AND AMPT LOSS RATE 
STRTL .35 STARTING LOSS 

DTH .35 MOISTURE D E F I C I T  
P S I F  5.55 WETTING FRONT SUCTION 

XKSAT .22  HYDRAULIC CONDUCTIVITY 
RTIMP 1.00 PERCENT IMPERVIOUS AREA 

CLARK UNITGRAPH 
TC 1.50 TIME OF CONCENTRATION 

R .69  STORAGE COEFFICIENT 

ACCUMULATED-AREA VS. TIME, 11 ORDINATES 
.O 3 .0  5.0 8.0 12.0 20.0 4 3 . 0  75.0 9 0 . 0  9 6 . 0  

100.0 

U N I T  HYDROGRAPH PARAMETERS 
CLARK TC= 1.50 HR, R= .69  HR 

SNYDER TP= 1.20 HR, CP= .95 

U N I T  HYDROGRAPH 
5 6  END-OF-PERIOD ORDINATES 

22. 61. 88 .  110. 136. 168. 203.  260.  339.  520.  
799. 1114 .  1401.  1534 .  1538.  1477.  1383. 1286 .  1169 .  1037 .  
919. 8 1 4 .  721.  639. 566.  501 .  444.  393. 348 .  3 0 8 .  
273.  242 .  214.  190.  168.  149.  132.  117. 104.  92 .  

HYDROGRAPH AT STATION SUBTOT 

TOTAL RAINFALL = 2.77, TOTAL LOSS = 1.32, TOTAL EXCESS = 1.45 

PEAK FLOW T lME 

+ (CFS) (HR) 

MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 12.42-HR 

(INCHES) 1.439 1 - 4 3 9  1.439 1.439 
(AC-FT) 225.  225.  225. 225.  

CUMULATIVE AREA = 2.93 SQ M I  

RUNOFF SUMMARY 
FLOW I N  CUBIC FEET PER SECOND 

T IME I N  HWRS, AREA I N  SQUARE M I L E S  

PEAK TIME OF AVERAGE FLOW FOR MAXIMUM PERIOO BASIN MAXIMUM TIME OF 
OPERAT I ON STAT I ON F L W  PEAK AREA STAGE MAX STAGE 



HYDROGRAPH AT 
+ SUBTOT 2139. 2.25 

*** NORMAL END OF HEC-1 '** 



.......................................... 
* * 
* FLOOD HYDROGRAPH PACKAGE (HEC-1) * * SEPTEMBER 1 9 9 0  * 

VERSION 4.0 * 
* * 
* RUN DATE 0 7 / 1 6 / 1 9 9 2  TIME 20:09:43 * * * 
...................................... 

....................................... 
* * 
* U.S. ARMY CORPS OF ENGINEERS 

HYDROLOGIC ENGINEERING CENTER * * 6 0 9  SECOND STREET * 
* DAVIS, CALIFORNIA 9 5 6 1 6  * 
* (916) 7 5 6 - 1 1 0 4  * 
* * 
....................................... 

X X XXXXXXX XXXXX X 
X X X  X X XX 
X X X  X X 
XXXXXXX XXXX X XXXXX X 
X X X  X X 
X X X  X X X 
X X XXXXXXX XXXXX XXX 

T H I S  PROGRAM REPLACES ALL  P R E V I W S  VERSIONS OF HEC-1 KNOWN AS HEC1 (JAN 73), HECIGS, HECIDB, AND HEClKU. 

THE D E F I N I T I O N S  OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USE0 WITH THE 1973-STYLE INPUT STRUCTURE. 
THE D E F I N I T I O N  OF -AMSKK- ON RM-CARD WAS CHANGED U I T H  REVISIONS DATED 2 8  SEP 81. T H I S  I S  THE FORTRAN77 VERSION 
NEU OPTIONS: DAMBREAK W T F L O U  SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION, DSS:URITE STAGE FREQUENCY, 
DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:CREEN AND AMPT INF ILTRATION 
KINEMATIC WAVE: NEU F I N I T E  DIFFERENCE ALGORITHM 

HEC-I  INPUT PAGE 1 

L I N E  I D  ....... 1 ....... 2 ....... 3 ....... 4 ....... 5 ....... 6 ....... 7 ....... 8 ....... 9 ...... 1 0  

I D  
1 D SUN C I T Y  VEST EXPANSION MASTER DRAINAGE 
I D  STANLEY CONSULTANTS JOB # 11389 DATE: 1 6  JUL 9 2  
I D  HEC-1 MODEL 1 1 3 8 9 A 2  (EXIST ING CONDITION; MULTI  SUB-BASIN) 
I D  
I D  CLARK U N I T  HYDROGRAPH 
I D  
I D  2-HR STORM DISTRIBUTION (TABLE 2.2)  P I 0 0  = 2.77" 
I D  NO AREAL REDUCTION FACTOR 
I D  
I D  GREEN-AMPT LOSS RATES FOR EXIST ING CONDITIONS BASED ON 
I D  AREA-WEIGHTED VALUES OF EXIST ING SOILS ASSUMING DTHETA DRY 
I D  AND VEGETATIVE COVER 2 5  PERCENT. 
I D  I A  ASSUMED TO BE 0.35 INCHES AND PERCENT IMPERVIOUS ASSUMED 
I D  TO BE 1 PERCENT. 
I D  
I D  K b  BASED ON m = -0.016 and b = 0.10 
1 D 
1 D T IME OF CONCENTRATION AND STORAGE COEFFICIENT R 
I D  BASED ON RESULTS FROM MCUHP1 (REVISED 1 2 - 1 6 - 9 1 )  
I D  
I D  TIME-AREA RELATION FROM TABLE 5.2, ALL  AREAS USE A NATURAL 
I D  TIME-AREA UA RECORD 
I D  
I D  OFFSITE FLOWS ARE ROUTED THROUGH HYPOTHETICAL ONSITE CHANNELS 
I D  USING MODIFIED PULS ROUTING. CHANNELS REFLECT EXIST ING 
I D  CROSS-SECTIONS AND EXIST ING ROUGHNESS. 
I D  
I D  
*DIAGRAM 
I T  5 1 5 0  
I 0  3 

SUBBl RUNOFF HYDROGRAPH FROM SUB-BASIN B 1  
. I 8 8  

5 
2.770 

.000 .011 .018  .023  .O28 .032  .046  .071 . l o 0  .I37 

.I76 .232  . 3 2 7  .601  .743  .863 .901 .930 .954  .962  

.970 .979 .982  . 9 9 2  1.000 

.350  .350  5 .09  . 2 8  1 

.508 .288 



KK RCHAB RWTE HYDROGRAPH SUBB1 THRU REACH AB; HYPOTHETICAL CHANNEL 
RS 2 FLOU - 1 
RC .050 .035 .050 2800 ,005 
RX 500 500 513 525 530 542 550 550 
RY 100 100 9 7  95 95 9 7  100 100 

HEC-1 INPUT PAGE 2 

LINE 

KK SUBA RUNOFF HYDROGRAPH FROM SUB-BASIN A 
BA .867 
LC .35 .35 6.15 .21 1 

KK SUBB2 RUNOFF HYDROGRAPH FROM SUB-BASIN BZ 
BA . I61  

KK SUMAB COMBINE HYDROGRAPH FROM RCHAB, SUBA & SUBBZ 
HC 3 

KK RCHSUM RWTE HYDROGRAPH SUMAB THRU REACH SUM; HYPOTHETICAL CHANNEL 
RS 6 FLOU - 1 
RC .035 .050 .050 8670 .DO4 
RX 500 500 560 560 580 580 600 600 
RY 100 100 93 93 93 93 100 100 

KK SUBC RUNOFF HYDROGRAPH FROM SUB-BASIN C 
BA . I95 
LG .35 .35 6.05 .2 1 
UC .683 .494 
U A 0 3 5 8 12 20 43 75 90 9 6  
UA 100 

KK RCHCO RWTE HYDROGRAPH SUBC THRU REACH CD; HYPOTHETICAL CHANNEL 
RS 1 FLOW - 1 
RC .050 .035 .050 2020 .004 

KK SUBD RUNOFF HYDROGRAPH FROM SUB-BASIN D 

KK SUMCD COMBINE HYDROGRAPH FROM SUBC & SUBD 
HC 2 

KK RCHSUM ROUTE HYDROGRAPH SUMCO THRU REACH SUM; HYPOTHETICAL CHANNEL 
RS 4 FLOU - 1 
RC .050 .035 .050 5520 .005 
RX 500 500 513 525 530 542 550 550 
RY 100 100 9 7  95 95 9 7  100 100 

HEC-1 INPUT PAGE 3 

LINE 

KK SUBE RUNOFF HYDROGRAPH FROM SUB-BASIN E 
BA 1.297 
LC .35 .35 5.05 .23 1 
UC 1 . l o4  -580 
U A 0 3 5 8 12 20 43 75 90 9 6  
UA 100 

KK SUMTOT COMBINE HYDROGRAPH FROM RCHSUM (VEST 8 NORTH) 
HC 3 
zz 



SCHEMATIC DIAGRAM OF STREAM NETWRK 
INPUT 

L I N E  (V)  ROUTING ( - - - > I  DIVERSION OR PUMP FLOW 

NO. 

3 2  

(.) CONNECTOR 

SUB81 
v 
v 

RCHAB 

SUBA 

SUMAB............. 
v 
v 

RCHSUM 

SUBC 
v 
v 

RCHCD 

(< - - - )  RETURN OF DIVERTED OR PUMPED FLOU 

8 4  SUMCD............ 
v 
v 

8 6  RCHSUM 

9 1  SUBE 

97 SUMTOT........................ 

(***) RUNOFF ALSO COMPUTED AT T H I S  LOCATION 
I***************************************** 
* * 
* FLOOD HYDROGRAPH PACKAGE (HEC-1) * 
t SEPTEMBER 1990 
* 

* 
VERSION 4.0 

* 
* 
* 

* RUN DATE 0 7 / 1 6 / 1 9 9 2  TIME 20:09:43 * 
* 
......................................... 

* a 

* U.S. ARMY CORPS OF ENGINEERS * 
* HYDROLOGIC ENGINEERING CENTER * * 6 0 9  SECOND STREET 
* 

* 
DAVIS, CALIFORNIA 9 5 6 1 6  * 

* 
(916) 7 5 6 - 1 1 0 4  

* 
* 
* 

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

SUN C I T Y  UEST EXPANSION MASTER DRAINAGE 
STANLEY CONSULTANTS JOB # 1 1 3 8 9  DATE: 16 JUL 9 2  
HEC-1 MODEL 1 1 3 8 9 A 2  (EXIST ING CONDITION; MULTI  SUB-BASIN) 

CLARK U N I T  HYDROGRAPH 

2-HR STORM DISTRlBUTION (TABLE 2.2) P lDO = 2.77"  
NO AREAL REDUCTION FACTOR 

GREEN-AMPT LOSS RATES FOR EXIST ING CONDITIONS BASED ON 
AREA-WEIGHTED VALUES OF EXIST ING SOILS ASSUMING DTHETA DRY 
AND VEGETATIVE COVER 2 5  PERCENT. 
I A  ASSUMED TO BE 0.35 INCHES AND PERCENT IMPERVIOUS ASSUMED 
TO BE 1 PERCENT. 

Kb BASED ON rn = -0.016 and b = 0.10 

TIME OF CONCENTRATION AND STORAGE COEFFICIENT R 
BASED ON RESULTS FROH HCUHP1 (REVISED 12-16-91) 



TIME-AREA RELATION FROM TABLE 5.2, A L L  AREAS USE A NATURAL 
TIME-AREA UA RECORD 

OFFSITE F L W S  ARE RWTED THROUGH HYPOTHETICAL ONSITE CHANNELS 
USING MOOIFIED PULS RWTING.  CHANNELS REFLECT E X I S T I N G  
CROSS-SECTIONS AND EXIST ING ROUGHNESS. 

3 1  I 0  W T P U T  CONTROL VARIABLES 
I PRNT 3 PRINT CONTROL 
I PLOT 0 PLOT CONTROL 
PSCAL 0. HYDROGRAPH PLOT SCALE 

I T  HYDROGRAPH TIME DATA 
NMIN 5 MINUTES I N  COMPUTATION INTERVAL 

IDATE 1 0 STARTING DATE 
I T I M E  0 0 0 0  STARTING TIME 

NQ 1 5 0  NUMBER OF HYDROGRAPH ORDINATES 
NDDATE 1 0 ENDING DATE 
NDTIME 1 2 2 5  ENDING T IME 
I CENT 19 CENTURY MARK 

COMPUTATION INTERVAL .08  H W R S  
TOTAL T IME BASE 12.42 H W R S  

ENGLISH U N I T S  
DRAINAGE AREA SQUARE M I L E S  
PRECIP ITATION DEPTH INCHES 
LENGTH, ELEVATION FEET 
FLOU CUBIC FEET PER SECOND 
STORAGE VOLUME ACRE-FEET 
SURFACE AREA ACRES 
TEMPERATURE DEGREES FAHRENHEIT 

**a*********** 
* * 

3 2  KK * SUBBI * RUNOFF HYDROGRAPH FROM SUB-BASIN B 1  * * 
************** ' 

3 4  I N  TIME DATA FOR INPUT TIME SERIES 
JXMIN 5 TIME INTERVAL I N  MINUTES 

JXDATE 1 0 STARTING DATE 
JXTIME 0 STARTING TIME 

SUBBASIN RUNOFF DATA 

33 BA SUBBASIN CHARACTERISTICS 
TAREA .19 SUBBASIN AREA 

PRECIP ITATION DATA 

3 5  PB STORM 2.77 BASIN TOTAL PRECIPITATION 

3 6  P I  INCREMENTAL PRECIP ITATION PATTERN 
.O1 .O1 .O1 .O1 .OO .O1 .03 .03 .04 .04 
. 0 6  .09  .27 .14 .12 .04 .03 .02  .01  .O1 
.01  .oo .01 .O1 

3 9  LG GREEN AND AMPT LOSS RATE 
STRTL .35 STARTING LOSS 

DTH .35 MOISTURE D E F I C I T  
P S I F  5.09 WETTING FRONT SUCTION 

XKSAT .28  HYDRAULIC CONDUCTIVITY 
RTIMP 1.00 PERCENT I M P E R V I W S  AREA 

4 0  UC CLARK UNITGRAPH 
TC .S1 TIME OF CONCENTRATION 

R -29 STORAGE COEFFICIENT 

4 1  UA ACCUMULATED-AREA VS. TIME, 11 ORDINATES 
.O 3.0 5.0 8.0 12.0 20.0 43 .0  75.0 90.0 96.0 

100.0 



U N I T  HYDROGRAPH PARAMETERS 
CLARK TC= .51 HR, R= .29 HR 

SNYDER TP= .43 HR, CP= .85 

U N I T  HYDROGRAPH 
23 END-OF-PER100 ORDINATES 

8. 23. 45. 129. 228. 241. 197. 148. 111. 83. 
62. 46. 34. 26. 19. 14. 11. 8. 6. 4. 
3. 3. 2. 

HYDROGRAPH AT STATION SUB01 

TOTAL RAINFALL = 2.77, TOTAL LOSS = 1-40, TOTAL EXCESS = 1.37 

PEAK FLOW TIME MAXIMUM AVERAGE F L W  
6-HR 24-HR 72-HR 12.42-HR 

+ (CFS) (HR) 
( C F S I  . . 

+ 284. 1.50 28. 13. 13. 13. 
(INCHES) 1.365 1.365 1.365 1.365 

(AC-FT) 14. 14. 14. 14. 

CUMULATIVE AREA = .19 SQ M I  

************** 
* * 

43 KK * RCHAB * * * 
************** 

R W T E  HYDROGRAPH SUBBl  THRU REACH AB; HYPOTHETICAL CHANNEL 

HYDROGRAPH ROUTING DATA 

44 RS STORAGE ROUTING 
NSTPS 2 NUMBER OF SUBREACHES 

I T Y P  F L W  TYPE OF I N I T I A L  CONDITION 
RSVRIC -1.00 I N I T I A L  CONDITION 

X .OO WORKING R AND D COEFFICIENT 

45 RC NORMAL DEPTH CHANNEL 
ANL .050 LEFT OVERBANK N-VALUE 

ANCH .035 M A I N  CHANNEL N-VALUE 
ANR .050 RIGHT OVERBANK N-VALUE 

RLNTH 2800. REACH LENGTH 
SEL .0050 ENERGY SLOPE 

ELMAX .O MAX. ELEV. FOR STORAGE/OUTFLOU CALCULATION 

CROSS-SECTION DATA - - -  LEFT OVERBANK - - -  + - - - - - -  MAIN CHANNEL - - - - - - -  + - - -  RIGHT OVERBANK - - -  
47 RY ELEVATION 100.00 100.00 97.00 95.00 95.00 97.00 100.00 100.00 
46 RX DISTANCE 500.00 500.00 513.00 525.00 530.00 542.00 550.00 550.00 

COMPUTED STORAGE-OUTFLOW-ELEVATION DATA 

STORAGE .OO .11 .28 .49 .77 1.09 1.47 1.90 2.38 2.90 
W T F L W  .OO 1.85 6.74 15.09 27.43 44.30 66.20 93.64 130.36 178.41 

ELEVATION 95.00 95.26 95.53 95.79 96.05 96.32 96.58 96.84 97.11 97.37 

STORAGE 3.45 4.03 4.65 5.29 5.96 6.67 7.41 8.17 8.97 9.80 
OUTFLOW 232.95 293.99 361.56 435.70 516.44 603.85 698.00 798.95 906.78 1021.56 

ELEVATION 97.63 97.89 98.16 98.42 98.68 98.95 99.21 99.47 99.74 100.00 

HYDROGRAPH AT STATION RCHAB 

PEAK FLOW TIME MAXIMUM AVERAGE F L W  
6-HR 24-HR 72-HR 12.42-HR 



+ (CFS) (HR) 
(CFS) 

+ 262. 1.67 28. 13. 13. 13. 
(INCHES) 1.365 1.365 . 1.365 1.365 

(AC-FT) 14. 14. 14. 14. 

PEAK STORAGE TIME MAXIMUM AVERAGE STORAGE 
6-HR 24-HR 72-HR 12.42-HR 

+ (AC-FT) (HR) 
2. 1.67 0. 0. 0. 0. 

PEAK STAGE TIME 

+ (FEET) (HR) 
97.76 1.67 

MAXIMUM AVERAGE STAGE 
6-HR 24-HR 72-HR 12.42-HR 

CUMULATIVE AREA = .19 SQ M I  

************** 
* * 

48 KK * SUBA * RUNOFF HYDROGRAPH FROM SUB-BASIN A * * 
************** 

SUBBASIN RUNOFF DATA 

49 BA SUBBASIN CHARACTERISTICS 
TAREA .87 SUBBASIN AREA 

PRECIP ITATION DATA 

35 PB STORM 2.77 BASIN TOTAL PRECIPITATION 

36 P I  INCREMENTAL PRECIP ITATION PATTERN 
.O1 .O1 .01 .O1 .OO .O1 -03 .03 .04 .04 
.06 .09 .27 .14 .12 .04 .03 .02 .O1 .01 
.01 .oo .01 .O1 

50 LG GREEN AND AMPT LOSS RATE 
STRTL .35 STARTING LOSS 

DTH -35 MOISTURE D E F I C I T  
P S I F  6.15 VETTING FRONT SUCTION 

XKSAT .21 HYDRAULIC CONDUCTIVITY 
RTIMP 1.00 PERCENT IMPERVIOUS AREA 

51 UC CLARK UNITGRAPH 
TC 1.00 TIME OF CONCENTRATION 

R .56 STORAGE COEFFICIENT 

U N I T  HYDROGRAPH PARAMETERS 
CLARK TC= 1.00 HR, R= .56 HR 

SNYDER TP= .83 HR, CP= .88 

U N I T  HYDROGRAPH 
43 END-OF-PERIOD ORDINATES 

12. 30. 45. 62. 86. 126. 231. 408. 553. 602. 
.583. 539. 478. 412. 355. 305. 263. 226. 195. 168. 
144. 124. 107. 92. 79. 68. 59. 51. 43. 37 .  
32. 28. 24. 21. 18. 15. 13. 11. 10. 8. 

7. 6. 5. 

HYDROGRAPH. AT STATION SUBA 

TOTAL RAINFALL = 2.77, TOTAL LOSS = 1.34, TOTAL EXCESS = 1.43 

PEAK FLOW TIME MAXIMUM AVERAGE FLOW 



6-HR 24-HR 72-HR 12.42-HR 
+ (CFS) (HR) 

(CFS) 
+ 811. 1.92 133. 64. 64. 64. 

(INCHES) 1.424 1.424 1.424 1.424 
(AC-FT) 66. 66. 66. 66. 

CUMULATIVE AREA = .87 SQ M I  

************** 
* * 

54 KK * SUBB2 * RUNOFF HYDROGRAPH FROM SUB-BASIN 82 * * 
************** 

SUBBASIN RUNOFF DATA 

55 BA SUBBASIN CHARACTERISTICS 
TAREA .16 SUBBASIN AREA 

PRECIPITATION DATA 

35 PB STORM 2.77 BASIN TOTAL PRECIPITATION 

INCREMENTAL PRECIPITATION PATTERN 
.01 .01 .01 .01 .OO .O1 .03 
.06 .09 .27 .14 -12 .04 .03 
.01 -00 .01 .01 

56 LG GREEN AND AMPT LOSS RATE 
STRTL .35 STARTING LOSS 

DTH .35 MOISTURE DEFICIT 
PSI F 5.09 WETTING FRONT SUCTION 

XKSAT .28 HYDRAULIC CONDUCTIVITY 
RTIMP 1.00 PERCENT IMPERVIOUS AREA 

57 UC CLARK UNITGRAPH 
TC .72 TIME OF CONCENTRATION 

R .72 STORAGE COEFFICIENT 

58 UA ACCUMULATED-AREA VS. TIME, 11 ORDINATES 
.O 3.0 5.0 8.0 12.0 20.0 43.0 75.0 90.0 96.0 

100.0 

UNIT HYDROGRAPH PARAMETERS 
CLARK TC= .72 HR, R= .72 HR 

SNYDER TP= .63 HR, CP= .62 

UNIT HYDROGRAPH 
52 END-OF-PERIOD ORDINATES 

2. 6. 10. 16. 34. 69. 97. 102. 97. 88. 
79. 70. 63. 56. 50. 44. 39. 35. 31. 28. 
25. 22. 20. 18. 16. 14. 12. 11. 10. 9. 
8. 7. 6. 6. 5. 4. 4. 4. 3. 3. 
2. 2. 2. 2. 2. 1. 1. 1. 1. 1. 

HYDROGRAPH AT STATION SUBBZ 

TOTAL RAINFALL = 2.77, TOTAL LOSS = 1.40, TOTAL EXCESS = 1.37 

PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 12.42-HR 

+ (CFS) (HR) 
(CFS) 

+ 132.. 1.75 24. , 11. 11. 11. 
(INCHES) 1.364 1.364 1.364 1.364 
(AC-FT) 12. 12. 12. 12. 

CUMULATIVE AREA = .16 SP M I  



************** 
* * 

60 KK * SUMAB * COMBINE HYDROGRAPH FROM RCHAB, SUBA & SUBB2 * * .  
************** ' 

61 HC HYDROGRAPH COMBINATION 
I COMP 3 NUMBER OF HYDROGRAPHS TO COMBINE 

HYDROGRAPH AT STATION SUMAB 

PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 12.42-HR 

+ (CFS) (HR) 
(CFS) 

+ 1100. 1.83 184. 89. 89. 89. 
(INCHES) 1.407 1.407 1.407 1.407 

(AC-FT) 91. 91. 91. 91. 

CUMULATIVE AREA = 1.22 SQ M I  

************** 
* * 

62 KK RCHSUM * * 
************** 

ROUTE HYDROGRAPH SUMAB THRU REACH SUM; HYPOTHETICAL CHANNEL 

HYDROGRAPH ROUTING DATA 

63 RS STORAGE R W T I N G  
NSTPS 6 NUMBER OF SUBREACHES 

I T Y P  FLOU TYPE OF I N I T I A L  CONDITION 
RSVR I C -1.00 I N I T I A L  CONDITION 

X .DO WORKING R AND D COEFFICIENT 

64 RC NORMAL DEPTH CHANNEL 
AN L .035 LEFT OVERBANK N-VALUE 

ANCH .050 MAIN CHANNEL N-VALUE . 
ANR .050 RIGHT OVERBANK N-VALUE 

RLNTH 8670. REACH LENGTH 
SEL .0040 ENERGY SLOPE 

ELMAX .O MAX. ELEV. FOR STORAGE/WTFLOU CALCULATION 

CROSS-SECTION DATA --- LEFT OVERBANK - - -  + - - - - - -  MAIN CHANNEL - - - - - - -  + - - -  RIGHT OVERBANK - - -  
66 RY ELEVATION 100.00 100.00 93.00 93.00 93.00 93.00 100.00 100.00 
65 RX DISTANCE 500.00 500.00 560.00 560.00 580.00 580.00 600.00 600.00 

COMPUTED STORAGE-WTFLOW-ELEVATION DATA 

STORAGE .00 1.62 3.55 5.79 8.34 11.19 14.36 17.83 21.61 
OUTFLOW .OO 7.76 26.59 56.12 96.88 149.57 214.94 293.75 386.76 

ELEVATION 93.00 93.37 93.74 94.11 94.47 94.84 95.21 95.58 95.95 

STORAGE 30.10 34.81 39.83 45.16 50.79 56.73 62.99 69.55 76.42 
WTFLOW 618.43 758.55 915.85 1091.02 1284.76 1497.76 1730.70 1984.24 2259.05 

ELEVATION 96.68 97.05 97.42 97.79 98.16 98.53 98.89 99.26 99.63 



HYDROGRAPH AT STATION RCHSUM 

PEAK FLOU 

+ (CFS) 

PEAK STORAGE 

+ (AC-FT) 
7. 

PEAK STAGE 

+ (FEET) 
97.53 

TIME 

(HR) 

2.33 

TIME 

(HR) 
2.33 

TIME 

(HR) 
2.33 

MAXIMUM AVERAGE FLOU 
6-HR 24-HR 72-HR 

(CFS) 
184. 89 .  89. 

(INCHES) 1.403 1.407 1 .407  
(AC-FT) 91. 91.  91. 

MAXIMUM AVERAGE STORAGE 
. 6-HR 24-HR 72-HR 

MAXIMUM AVERAGE STAGE 
6-HR 24-HR 72-HR 

CUMULATIVE AREA = 1.22 S 9  M I  

************** 
* * 

6 7  KK * SUBC * * t 

************** 

RUNOFF HYDROGRAPH FROM SUB-BASIN C 

SUBBASIN RUNOFF DATA 

6 8  BA SUBBASIN CHARACTERISTICS 
TAREA .19 SUBBASIN AREA 

PRECIP ITATION DATA 

3 5  PB STORM 2.77 BASIN  TOTAL PRECIPITATION 

36 P I  INCREMENTAL PRECIP ITATION PATTERN 
.01 .01 .01 .01 .OO .O1 - 0 3  
.06 .09 .27  .14 .12  .04 .03 
.01 .oo .01 .01 

6 9  LC GREEN AND AMPT LOSS RATE 
STRTL .35 STARTING LOSS 

DTH .35 MOISTURE D E F I C I T  
P S l F  6.05 WETTING FRONT SUCTION 

XKSAT .20 HYDRAULIC CONDUCTIVITY 
RTIMP 1.00 PERCENT IMPERVIOUS AREA 

70 UC CLARK UNITGRAPH 
TC .68 TIME OF CONCENTRATION 

R .49  STORAGE COEFFICIENT 

7 1  UA ACCUMULATED-AREA VS. TIME, 11 ORDINATES 
.O 3.0 5.0 8.0 12.0 20.0 43.0 75.0 90.0 9 6 . 0  

100.0 

U N I T  HYDROGRAPH PARAMETERS 
CLARK TC= .68  HR, R= .49  HR 

SNYDER TP= .59  HR; CP= .75  

U N I T  HYDROGRAPH 
37 END-OF-PERIOD ORDINATES 

4, 11. 18. 30. 67. 128.  163. 160.  143.  122.  
103.  87. 74. 62 .  52. 44.  37. 32 .  27. 23. 

19. 16. 14. 11. 10. 8. 7. 6. 5. 4. 
4. 3. 3. 2. 2. 2. 1. 

HYDROGRAPH AT STATION SUBC 



TOTAL RAINFALL = 2.77, TOTAL LOSS = 1.31, TOTAL EXCESS = 1.46 

PEAK FLOU TIME MAXIWM AVERAGE FLOU 
6-HR 24-HR 72-HR 12.42-HR 

+ (CFS) (HR) 
(CFS) 

+ 216. 1.67 30. 15. 15. 15. 
(INCHES) 1.451 1.451 1.451 1.451 
(AC-FT) 15. 15. 15. 15. 

CUMULATIVE AREA = .19 SQ M I  

************** 
* * 

73 KK * RCHCD * * * 
************** 

ROUTE HYDROGRAPH SUBC THRU REACH CD; HYPOTHETICAL CHANNEL 

HYDROGRAPH ROUTING DATA 

74 RS STORAGE ROUTING 
NSTPS 1 NUMBER OF SUBREACHES 

ITYP FLOU TYPE OF INITIAL CONDITION 
RSVR I C -1.00 INITIAL CONDITION 

X .OO WRKING R AND D COEFFICIENT 

75 RC NORMAL DEPTH CHANNEL 
ANL .050 LEFT OVERBANK N-VALUE 

ANCH . -035 MAIN CHANNEL N-VALUE 
ANR -050 RIGHT OVERBANK N-VALUE 

RLNTH 2020. REACH LENGTH 
SEL .DO40 ENERGY SLOPE 

ELMAX .O MAX. ELEV. FOR STORAGE/WTFLOU CALCULATION 

CROSS-SECTION DATA - - -  LEFT OVERBANK - - -  + - - - - - -  MAIN CHANNEL - - - - - - -  + - - -  R I G H T  OVERBANK - - -  
77 RY ELEVATION 100.00 100.00 97.00 95.00 95.00 97.00 100.00 100.00 
76 RX DISTANCE 500.00 500.00 513.00 525.00 530.00 542.00 550.00 550.00 

COMPUTED STORAGE-OUTFLOW-ELEVATION DATA 

STORAGE .OO .08 .20 .36 .55 .79 1.06 1.37 1.72 2.09 
WTFLOU .OO 1.65 6.03 13.49 24.53 39.62 59.21 83.75 116.59 159.58 

ELEVATION 95.00 95.26 95.53 95.79 96.05 96.32 96.58 96.84 97.11 97.37 

STORAGE 2.49 2.91 3.35 3.82 4.30 4.81 5 -34 5.90 6.47 7.07 
OUTFLOU 208.36 262.96 323.39 389.70 461.92 540.10 624.31 714.60 811.05 913.71 

ELEVATION 97.63 97.89 98.16 98.42 98.68 98.95 99.21 99.47 99.74 100.00 

HYDROGRAPH AT STATION RCHCD 

PEAK FLOU TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 12.42-HR 

+ (CFS) (HR) 
(CFS) 

+ 199. 1.83 30. 15. 15. 15. 
(INCHES) 1.451 1.451 1.451 1.451 
(AC-FT) 15. 15. 15. 15. 

PEAK STORAGE TIME 

+ (AC-FT) (HR) 
2. 1.83 

PEAK STAGE TIME 

+ (FEET) (HR) 
97.58 1.83 

MAXIMUM AVERAGE STORAGE 
6-HR 24-HR 72-HR 12.42-HR 

MAXIMUM AVERAGE STAGE 
6-HR 24-HR 72-HR 12.42-HR 



CUMULATIVE AREA = .19 sa MI 

I************* 

* * 
78 KK * SUB0 RUNOFF HYDROGRAPH FROM SUB-BASIN 0 * * 

************** 

SUBBASIN RUNOFF DATA 

79 BA SUBBASIN CHARACTERISTICS 
TAREA .23 SUBBASIN AREA 

PRECIP ITATION DATA 

35 PB STORM 2.77 BASIN TOTAL PRECIPITATION 

INCREMENTAL PRECIPITATION PATTERN 
.O1 .01 -01 .Dl .oo .Dl 
.06 .09 .27 .14 .12 .04 
.01 .oo .01 .01 

GREEN AND AMPT LOSS RATE 
STRTL .35 STARTING LOSS 

DTH .35 MOISTURE D E F I C I T  
P S I  F 4.34 WETTING FRONT SUCTION 

XKSAT .26 HYDRAULIC CONDUCTIVITY 
RTIMP 1.00 PERCENT I M P E R V I W S  AREA 

81 UC CLARK UNITGRAPH 
TC .60 TIME OF CONCENTRATION 

R .4D STORAGE COEFFICIENT 

82 UA ACCUMULATED-AREA VS. TIME, 1 1  ORDINATES 
.O 3.0 5.0 8.0 12.0 20.0 43.0 75.0 90.0 96.0 

100.0 

U N I T  HYDROGRAPH PARAMETERS 
CLARK TC= .60 HR, R= .40 HR 

SNYDER TP= .50 HR, CP= .77 

U N I T  HYDROGRAPH 
30 END-OF-PERIOD ORDINATES 

6. 17. 30. 68. 158. 226. 224. 194. 159. 128. 
104. 84. 68. 55. 45. 36. 29. 24. 19. 16. 
13. 10. 8. 7. 5. 4. 4. 3. 2. 2. 

HYDROCRAPH AT STATION SUED 

TOTAL RAINFALL = 2.77, TOTAL LOSS = 1.32, TOTAL EXCESS = 1.45 

PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 12.42-HR 

+ (CFS) (HR) 
(CFS) 

+ 293. 1.58 35. 17. 17. 17. 
(INCHES) 1.446 1.446 1.446 1.446 

(AC-FT) 18. 18. 18. 18. 

CUMULATIVE AREA = .23 SQ M I  

************** 
* * 

84 KK * SUMCD COMBINE HYDROGRAPH FROM SUBC & SUBD 



85 HC HYDROGRAPH COMBINATION 
I COMP 2 NUMBER OF HYDROGRAPHS TO COMBINE 

HYOROGRAPH AT STATION SUMCD 

PEAK FLOU TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 12.42-HR 

+ (CFS) (HR) 
(CFS) 

+ 449. 1.67 66. 32. 32. 32. 
(INCHES) 1.448 1.448 1.448 1.448 
(AC-FT) 33. 33. 33. 33. 

CUMULATIVE AREA = .42 SQ M I  

************** 
* * 

86 KK * RCHSUM * ROUTE HYDROGRAPH SUMCD THRU REACH SUM; HYPOTHETICAL CHANNEL * * 

HYDROGRAPH ROUTING OATA 

87 RS STORAGE RWTING 
NSTPS 4 NUMBER OF SUBREACHES 

ITYP FLOW TYPE OF INITIAL CONDITION 
RSVR I C -1.00 INITIAL CONDITION 

X .OO WORKING R AN0 D COEFFICIENT 

88 RC NORMAL DEPTH CHANNEL 
ANL -050 LEFT OVERBANK N-VALUE 

ANCH .035 MAIN CHANNEL N-VALUE 
ANR .050 RIGHT OVERBANK N-VALUE 

RLNTH 5520. REACH LENGTH 
SEL .0050 ENERGY SLOPE 

ELMAX .O MAX. ELEV. FOR STORAGEIWTFLOU CALCULATION 

CROSS-SECTION OATA 
- - -  LEFT OVERBANK - - -  + - - - - - -  MAIN CHANNEL - - - - - - -  + - - -  RIGHT OVERBANK - - -  

90 RY ELEVATION 100.00 100.00 97.00 95.00 95.00 97.00 100.00 100.00 
89 RX DISTANCE 500.00 500.00 513.00 525.00 530.00 542.00 550.00 550.00 

COMPUTED STORAGE-WTFLOW-ELEVATION DATA 

STORAGE .OO .22 .54 .97 1.51 2.15 2.90 3.75 4.70 5.72 
OUTFLOW .OO 1.85 6.74 15.09 27.43 44.30 66.20 93.64 130.36 178.41 

ELEVATION 95.00 95.26 95.53 95.79 96.05 96.32 96.58 96.84 97.11 97.37 

STORAGE 6.81 7.95 9.16 10.43 11.76 13.15 14.60 16.11 17.69 19.33 
OUTFLOW 232.95 293.99 361.56 435.70 516.44 603.85 698.00 798.95 906.78 1021.56 

ELEVATION 97.63 97.89 98.16 98.42 98.68 98.95 99.21 99.47 99.74 100.00 

HYOROGRAPH AT STATION RCHSUM 

PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 12.42-HR 

+ (CFS) (HR) 
(CFS) 

+ 420. '1.92 66. 32. 32. 32. 
(INCHES) 1.447 1.448 1.448 1.448 
(AC-FT) 33. 33. 33. 33. 



PEAK STORAGE TIME 

+ (AC-FT)  (HR) 
3. 1.92 

PEAK STAGE TIME 

+ (FEET) (HR) 
98.37 1.92 

MAXIMUM AVERAGE STORAGE 
6-HR 24-HR 72-HR 12.42-HR 

1. 0. 0. 0. 

MAXIMUM AVERAGE STAGE 
6-HR 24-HR 72-HR 12.42-HR 

96.01 95.49 95.49 95.49 

CUMULATIVE AREA = .42 SQ M I  

************** 
* * 

91 KK * SUBE * * * 
************** 

RUNOFF HYDROGRAPH FROM SUB-BASIN E 

SUBBASIN RUNOFF DATA 

92 BA SUBBASIN CHARACTERISTICS 
TAREA 1.30 SUBBASIN AREA 

PRECIPITATION DATA 

35 PB STORM 2.77 BASIN TOTAL PRECIPITATION 

INCREMENTAL PRECIPITATION PATTERN 
-01 .O1 .O1 .01 .OO .O1 .03 
.06 -09 .27 .14 .12 .04 .03 
.01 .oo .O1 .01 

93 LG GREEN AND AMPT LOSS RATE 
STRTL .35 STARTING LOSS 

DTH .35 MOISTURE DEFICIT 
PSI F 5.05 WETTING FRONT SUCTION 

XKSAT .23 HYDRAULIC CONDUCTIVITY 
RTIMP 1.00 PERCENT IMPERVIOUS AREA 

94 UC CLARK UNITGRAPH 
TC 1.10 TIME OF CONCENTRATION 
R .58 STORAGE COEFFICIENT 

95 UA ACCUMULATED-AREA VS. TIME, 11 ORDINATES 
.O 3.0 5.0 8.0 12.0 20.0 43.0 75.0 90.0 96.0 

100.0 

UNIT HYDROGRAPH PARAMETERS 
CLARK TC= 1.10 HR, R= .58 HR 

SNYDER TP= .92 HR, CP= .91 

TOTAL RAINFALL = 

PEAK FLOW TIME 

+ (CFS) (HR) 

UNIT HYDROGRAPH 
46 END-OF-PERIOD ORDINATES 

40. 59. 78. 103. 144. 229. 387. 617. 797. 
821. 761. 685. 598. 518. 448. 388. 336. 291. 
218. 189. 164. 142. 123. 106. 92. 80. 69. 
52. 45. 39. 34. 29. 25. 22. 19. 16. 
12. 11. 9. 8. 7. 

HYDROGRAPH AT STATION SUBE 

2.77, TOTAL LOSS = 1.31, TOTAL EXCESS = 1.46 

MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 12.42-HR 

(INCHES) 1.451 1.451 1.451 1.451 
(AC-FT) 100. 100. 100. 100. 



CUMULATIVE AREA = 1.30 SP M I  

************** 
* *- 

97 KK * SUMTOT * COMBINE HYDROGRAPH FROM RCHSUM (WEST & NORTH) * * 
************** 

9 8  HC HYDROGRAPH COMBINATION 
I COMP 3 NUMBER OF HYDROGRAPHS TO COMBINE 

HYDROGRAPH AT STATION SUMTOT 

PEAK FLOW TIME MAXIMUM AVERAGE F L W  
6-HR 24-HR 72-HR 12.42-HR 

+ (CFS) (HR) 
(CFS) 

+ 2275.  2 .17  451.  218.  218.  218.  
(INCHES) 1.429 1 .432  1.432 1.432 

RUNOFF SUMMARY 
F L W  I N  CUBIC FEET PER SECOND 

TIME I N  HOURS, AREA I N  SQUARE M I L E S  

PEAK T IME OF AVERAGE F L W  FOR MAXIMUM PERIOD BASIN MAXIMUM T I M E O F  
OPERAT I ON STAT ION FLOW PEAK AREA STAGE MAX STAGE 

+ 6-HOUR 24-HOUR 72-HOUR 

HYDROGRAPH AT. 
+ SUBBl  284.  1.50 28. 13. 13. .19 

ROUTED TO 
RCHAB 

HYDROGRAPH AT 

HYDROGRAPH AT 

3 COMBINED AT 

ROUTED TO 

SUBA 

SUBB2 

SUMAB 

RCHSUM 

HYDROGRAPH AT 

ROUTED TO 

SUBC 

RCHCD 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

.SUBD 

SUMCD 

RCHSUM 



HYDROGRAPH AT 
+ SUBE 1167. 2.00 202. 98. 

3 COMBINED AT 
+ SUMTOT 2275. 2.17 451. 218. 

*** NORMAL END OF HEC-1 *** 



.......................................... 
* 
* FLOOD HYDROGRAPH PACKAGE (HEC-1) * 
t SEPTEMBER 1990 * 
* VERSION 4.0 * 
* * 
* RUN DATE 08/11/1992 TIME 11:32:43 * * 
......................................... 

....................................... 
* * 
* U.S. ARMY CORPS OF ENGINEERS * 
* HYDROLOGIC ENGINEERING CENTER * 609 SECOND STREET 
t DAVIS, CALIFORNIA 95616 a 
* (916) 7 5 6 - 1 1 0 4  * 
* 
...................................... 

X X XXXXXXX XXXXX X 
X X X  X X XX 
X X X  X X 
xxxxxxx xxxx X xxxxx X 
X X X  X X 
X X X  X X X 
X X XXXXXXX XXXXX XXX 

T H I S  PROGRAM REPLACES A L L  PREVIOUS VERSIONS OF HEC-1 K N W N  AS HECl (JAN 73) ,  AEClGS, HECIDB, AND HEClKW. 

THE D E F I N I T I O N S  OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED U I T H  THE 1973-STYLE INPUT STRUCTURE. 
THE D E F I N I T I O N  OF -AMSKK- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 2 8  SEP 81. T H I S  I S  THE F O R T R A N T  VERSION 
NEU OPTIONS: DAMBREAK W T F L O U  SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY, 
DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT INF ILTRATION 
KINEMATIC WAVE: NEW F I N I T E  DIFFERENCE ALGORITHM 

L I N E  

HEC-1 INPUT PAGE 1 

SUN C I T Y  UEST EXPANSION AREA MASTER DRAINAGE 
STANLEY CONSULTANTS JOB # 11389 DATE: 1 1  AUG 92 
HEC-1 MOOEL 1 1 3 8 9 8  (EXIST  COND OFFSITE; DEVELOPED COND ONSITE) 

CLARK U N I T  HYDROGRAPH 

2-HR STORM DISTRIBUTION (FCDMC HYDROLOGIC DESIGN MANUAL; TABLE 2.2)  
PIOO = r.nll - - NO AERIAL REDUCTION 

COMPUTATION TIME INTERVAL 5 MINUTES 

GREEN-AMPT LOSS RATES FOR OFFSITE E X I S T I N G  CONDITIONS BASED ON 
AREA-WEIGHTED VALUES OF E X I S T I N G  SOILS ASSUMING DTHETA DRY 
AND VEGETATIVE COVER 25 PERCENT. 
I A  ASSUMED TO BE 0.35 INCHES AND PERCENT IMPERVIOUS ASSUMED 
TO BE 1 PERCENT. 

GREEN-AMPT LOSS RATES FOR ONSITE DEVELOPED CONDITIONS ARE AREA-WEIGHTED. 
RAINFALL LOSSES FOR ONSITE DEVELOPED SOILS ASSUME SAME BASE DTHETA, 
P S I F  & XKSAT FROM WEIGHTED ONSITE E X I S T I N G  SOILS.  I N I T I A L  ABSTRACT 
AND PERCENT IMPERV AS FOLLOWS: 

I A RTIMP 
RES SF AND CAS 0.15 2 5  
GOLF/OPEN SP 0.35 1 
COMMERCIAL 0.10 8 0  

T IME OF CONCENTRATION, TC, AND STORAGE COEFFICIENT, R, ARE BASED ON 
MCUHPl (REVISED 1 2 - 1 6 - 9 1 )  WITH LENGTHS AND SLOPES ESTIMATED 
FROM PRELIMINARY LOT LAYOUTS AND GRADING. Kb BASED ON m AND b 
PARAMETERS FROM TABLE 5.1 OF HYDROLOGY MANUAL. ONSITE VALUES 
ARE AREA-WEIGHTED FOR COMPOSITE LAND USE BASED ON: 

m b 
SF RES, CAS & COMM -0.00625 0.040 
GOLF/OPEN SP -0.0250 0.015 
EXIST  DESERT -0.0160 0.100 

TIME-AREA RELATION FROM TABLE 5.2: 
OFFSITE AREAS USE A NATURAL TIME-AREA UA RECORD 
ONSITE AREAS USE AN URBAN TIME-AREA UA RECORD 



L I N E  

5 6  
5 7  
58 
5 9  
6 0  
6 1  
6 2  
6 3  
6 4  
6 5  
6 6  
6 7  
6 8  
6 9  
7 0  
71 
72 
73 

L I N E  

I D  HYDROGRAPH ROUTING THRU STREET REACH USES KENEMATIC WAVE AND ASSUMES: 
I D  TRAPEZOID CHANNEL, W b a ~ e = 3 2 ~ , 4 0 ~  OR 68,; S I D E  SLOPE 1V:O.OOOlH; 
I D  "nu = 0.015; SLOPE S = 0.005 ( f t / f t )  

HYDROGRAPH ROUTING THRU GUNITE CHANNEL USES KINEMATIC WAVE AND ASSUMES: 
TRAPEZOID CHANNEL, Wbase=10'(MIN),201(MAX); SIDE SLOPE lV:0.5H; 

= 0.016; SLOPE S = 0.005 <ft/ft) 

HYDROGRAPH ROUTING THRU GOLF COURSE CHANNEL USES MOD PULS AN0 ASSUMES: 
CROSS SECTIONS BASED ON GOLF COURSE GRADING PLANS; 
LOW FLOW I1nl1 = 0.025; OVERBANK ldnll = 0.030; 
CHANNEL SLOPE BASED ON ESTIMATED HYDRAULIC GRADIENT; 
SLOPE S = DELTA ELEVATION / LENGTH OF FLOWPATH 

HEC-1 INPUT PAGE 2 

I D  ELEVATION CHANGE I S  UPSTREAM FLOWLINE TO DOWNSTREAM FLOWLINE 
I D  ( o r  to  w a t e r  s u r f a c e  o f  d e t e n t i o n  b a s i n  a s s u m i n g  3, p o n d i n g  depth). 
I D  NSTPS (RS RECORD) = LENGTH/(VEL*300 SEC) --  VEL ASSUMED @ 5 FPS 
1 D 
I D  HYDROGRAPH ROUTING THRU DET BASINS USES MOO PULS LEVEL POOL. 
I D  ELEVATION VS STORAGE DATA I S  BASED ON GOLF COURSE PLANS. 
I D  BASIN OUTLETS CONSISTING OF P I P E  AND UIER I N  COMBO ASSUMES: 
I D  P I P E  S I Z E  RANGES FROM SINGLE 12" TO MULTI - 24"  
I D  LOW-FLOWS ASSUME ORIF ICE EQUATION: 
I D  Q = C A c p i p e )  * H(above  F L Y 0 . 5  
I D  (ORIFICE COEF, C, ESTIMATED AT 0.40 TO GIVE RESULTS 
I D  S IMILAR TO HEC-5 FOR C lRC RCP W/ INLET CONTROL) 
I 0  WIERS ARE ASSUMED TO BE BROAD, HORIZ CREST WITH VERT SIDES, 
I D  WIER CDEFF = 2.6 
I D  BASIN OUTLETS CONSISTING OF ROADWAY CULVERTS ASSUME 
I D  HEC-5 ELEV-DISCHARGE. 
1 D DET BASIN 3 3 0  ELEV-DISCHARGE BASED ON BACKWATER FROM HEC-2 SCWEH2C 
I D  
*D l  AGRAM 
I T  5 2 0 0  
I 0  5 

KK SUBA RUNOFF HYDROGRAPH FROM OFFSITE SUB-BASIN A 
BA . 8 6 7  
I N  5 

KK SUB02 RUNOFF HYDROGRAPH FROM OFFSITE SUB-BASIN 8 2  
BA . I 6 1  
LC .35 .35 5.09 - 2 8  1 
UC .717 - 7 2 4  
U A 0 3 5 8 1 2  2 0  4 3  7 5  9 0  9 6  
UA 1 0 0  

KK SUMAB2 COMBINE HYDROGRAPH FROM SUBA AND SUB02 
HC 2 

KK R C H l 6  ROUTE HYDROGRAPH SUMAB2 THRU REACH 16; GUNITE CHANNEL 
RK 1 2 8 0  .005 .016  TRAP 2 0  - 5  

KK SUB05 RUNOFF HYDROGRAPH FROM SUB-BASIN 5 
BA .031 
LG . I 5 0  .350 5.050 .230 25.000 
UC .233  .243 
U A 0 5 16 3 0  6 5  77 8 4  9 0  9 4  9 7  
UA 1 0 0  

HEC-1 INPUT PAGE 3 

KK SUB10 RUNOFF HYDROGRAPH FROM SUB-BASIN 1 0  
BA .008  



KK SUB15 RUNOFF HYDROGRAPH FROM SUB-BASIN 15 
BA -013 

KK SUM16 COMBINE HYDROGRAPH FROM RCHl6, SUB05, SUB10 & SUB15 
HC 4 

KK SUBBl RUNOFF HYDROGRAPH FROM SUB-BASIN B1 
KM ***** BEGIN NEW BRANCH ***** 
BA .I88 
LC .350 .350 5.09 .28 1 
UC .508 .288 
UA 0 3 5 8 12 20 43 75 90 96 
UA 100 

KK RCH26 ROUTE HYDROGRAPH SUBBl THRU REACH 26; GUNITE CHANNEL 
RK 650 .005 .016 TRAP 20 - 5  

KK SUB20 RUNOFF HYDROGRAPH FROM SUB-BASIN 20 
BA .012 
LC .I50 -350 5.050 -230 25.000 
UC .I79 .202 
U A 0 5 16 30 65 77 84 90 94 97 
UA 100 

KK SUB25 RUNOFF HYDROGRAPH FROM SUB-BASIN 25 
BA .008 
LG .I50 .350 5.050 .230 25.000 
UC .I75 .205 
U A 0 5 16 30 65 77 84 90 94 97 
UA 100 

KK SUM26 COMBINE HYDROGRAPH FROM RCH26, SUB20 & SUB25 
HC 3 

KK SUB30 RUNOFF HYDROGRAPH FROM SUB-BASIN 30 
BA -026 
LG .I70 .345 5.050 .237 22.600 
UC .233 .222 
U A 0 5 16 30 65 77 84 90 94 97 
UA 100 

HEC-1 INPUT PAGE 4 

KK RCH35 ROUTE HYDROGRAPH SUB30 THRU REACH 35; 40' STREET 
RK 840 .005 .015 TRAP 40 -0001 

KK SUB35 RUNOFF HYDROGRAPH FROM SUB-BASIN 35 
BA -023 

KK SUM35 COMBINE HYDROGRAPH FROM RCH35 & SUB35 
HC 2 

KK RCH40 R W T E  HYDROGRAPH SUM35 THRU REACH 40 
RS 1 FLOU - 1 

KK SUB40 RUNOFF HYDROGRAPH FROM SUB-BASIN 40 
BA .014 
LG -310 -310 5.050 .286 5.800 
UC -254 .232 
U A 0 5 16 30 65 77 84 90 94 97 
UA 100 

KK SUM40 COMBINE HYDROGRAPH FROM SUM26, RCH40 & SUB40 
KM INFLMJ INTO DETENTION BASIN 40 
HC 3 



LlNE 

LlNE 

KK DET40 ROUTE HYDROGRAPH SUM40 THRU OET BASIN 40; 
KM H I G H  WIER; 2-10iX3' CBC 
KO 1 
R S 1 STOR - 1 
S A 0 . I1  .36 .67 1.21 3.10 
SE 1294 1295 1296 1297 1298 1299 
SQ 0 50 145 260 385 485 

KK RCH45 ROUTE HYDROGRAPH DET40 THRU REACH 45 
RS 1 FLOW - 1 
RC .03 .025 .03 600 .003 
RX 0 20 60 70 110 120 155 190 
RY 1293 1291 1290.5 1290 1290 1290.5 1292 1293 

KK SUB45 RUNOFF HYDROGRAPH FROM SUB-BASIN 45 
BA -011 
LG .310 .310 5.050 -286 5.800 
UC .I79 .I23 
u A o 5 16 30 6s n 84 90 94 97 
UA 100 

HEC-1 INPUT PAGE 5 

I D .  ...... 1.......2.......3.......4.......5.......6.......7.......8.......9......10 

KK SUM45 COMBINE HYDROGRAPH FROM RCHC5 & SUB45 
KM INFLOW INTO DETENTION BASIN 45 
HC 2 

DET45 ROUTE HYDROGRAPH SUM45 THRU DET BASIN 45; 
190-FOOT UIER USED FOR H I G H  FLOWS AND 1-24" RCP 

1 
1 STOR - 1 
0 .O1 .14 -51 -78 1.12 1.40 2.73 3.27 

1287 1288 1289 1290 1291 1292 1292.5 1293 1294 
1287 3.1 -4 -5 
1292 190 2.6 1.5 

KK RCH50 ROUTE HYDROGRAPH DET45 THRU REACH 50 
RS 1 FLOU - 1 
RC .03 .025 .03 820 -009 
RX 0 20 55 60 90 100 115 140 
RY 1291 1288 1287 1286.5 1286.5 1287 1289 1291 

KK SUB50 RUNOFF HYDROGRAPH FROM SUB-BASIN 50 
BA -010 
LG -310 -310 5.050 .286 5.800 
UC -229 -224 
UA 0 5 16 30 65 77 84 90 94 97 
UA 100 

KK SUB55 RUNOFF HYDROGRAPH FROM SUB-BASIN 55 
BA .015 
LG .I50 -350 5.050 .230 25.000 
UC .213 .315 
U A 0 5 16 30 65 77 84 90 94 97 
UA 100 

KK SUB60 RUNOFF HYDROGRAPH FROM SUB-BASIN 60 
BA .031 
LG .I50 -350 5.050 .230 25.000 
UC .262 .302 
U A 0 5 16 30 65 77 84 90 94 97 
UA 100 

KK SUM50 COMBINE HYDROGRAPH FROM RCH50, SUB50, SUB55 & SUB60 
HC 5 

KK RCH65 ROUTE HYDROGRAPH SUM50 THRU REACH 65 
RS 1 FLOW -1 
RC -03 .025 .03 1300 .003 
RX 0 30 45 50 140 145 180 200 
R Y  1285 1283 1282.5 1282 1282 1282.5 1285 1286 

HEC-1 INPUT 

KK SUB65 RUNOFF HYDROGRAPH FROM SUB-BASIN 65 

PAGE 6 



RUNOFF HYDROGRAPH FRON SUB-BASIN 7 0  

COMBINE HYDROGRAPH FROM RCH65, SUB65 & SUB70 

ROUTE HYDROGRAPH SUM65 THRU REACH 8 0  
FLOW - 1 
- 0 2 5  .03 1160 .003 

2 0  5 0  9 5  145 150 1 7 0  1 8 5  
1 2 8 0  1277 1 2 7 6  1 2 7 6  1 2 7 7  1 2 8 0  1281 

RUNOFF HYDROGRAPH FROM SUB-BASI N 75 

RUNOFF HYDROGRAPH FROM SUB-BASIN 8 0  

COMBINE HYDROGRAPH FROM RCH80, SUB75 & SUB80 

ROUTE HYOROGRAPH SUM80 THRU REACH 8 5  
FLOW - 1 
.025 .03 6 2 0  .003 

5 0  9 0  1 1 5  1 6 5  1 9 0  2 2 0  2 3 0  
1 2 7 7  1275 1274 1274 1275 1 2 7 8  1279 

RUNOFF HYDROGRAPH FROM SUB-BASIN 8 5  

HEC-1 INPUT PAGE 7 

L INE 

RUNOFF HYOROGRAPH FROM SUB-BASIN 9 0  

RUNOFF HYOROGRAPH FROM SUB-BASIN 9 5  

COMBINE HYDROGRAPH FROM RCH85, SU885, SUB90 & SUB95 

RUNOFF HYDROGRAPH FROM SUB-BASIN 1 0 0  



KK SUB105 RUNOFF HYDROGRAPH FROM SUB-BASIN 105 
BA .013 
LG .I50 .350 5.050 .230 25.000 
UC -225 -250 
U A 0 5 16 30 65 77 84 90 94 9 7  
UA 100 

KK SUM100 COMBINE HYOROGRAPH FROM SUM85, SUB100 & SUB105 
HC 3 

KK SUB110 RUNOFF HYDROGRAPH FROM SUB-BASIN 110 
KH ***** BEGIN NEW BRANCH ***** 
BA -025 
LC .I50 .350 5.050 .230 25.000 

KK RCH115 ROUTE HYDROGRAPH SUB110 THRU REACH 115; 32' STREET 
RK 1360 .005 .015 TRAP 32 .0001 

KK SUB115 RUNOFF HYDROGRAPH FROM SUB-BASIN 115 
BA -026 
LG -150 -350 5.050 .230 25.000 
UC -183 .I52 
UA 0 5 16 30 65 77 84 90 94 97 
UA 100 

HEC-1 INPUT PAGE 8 

LINE 

KK SUB120 RUNOFF HYDROGRAPH FROM SUB-BASIN 120 
BA -020 
LG . I50 .350 5.050 .230 25.000 
UC . I88  . I82 
U A 0 5 16 30 65 77 84 90 94 97 
UA 100 

KK RCH115 ROUTE HYDROCRAPH SUB120 THRU REACH 115; 32' STREET 
RK 600 .005 .015 TRAP 32 .0001 

KK SUM1 15 COMBINE HYDROGRAPH FROM RCH115 (both) & SUB115 
HC 3 

KK SUB125 RUNOFF HYDROGRAPH FROM SUB-BASIN 125 
BA -0187 

KK SUB130 RUNOFF HYDROGRAPH FROM SUB-BASIN 130 
KM ***** BEGIN NEW BRANCH ***** 
BA .030 
LG .I50 .350 5.050 .230 25.000 

KK RCH135 ROUTE HYDROGRAPH SUB130 THRU REACH 135; 40' STREET 
RK 800 .005 -015 TRAP 40 .0001 

KK SUB135 RUNOFF HYDROGRAPH FROM SUB-BASIN 135 
BA .021 
LG -145 .350 5.050 .230 30.500 
UC .I71 .I53 
UA o 5 16 30 65 n 84 
UA 100 

KK SUM135 COMBINE HYDROGRAPH FROM RCH135 & SUB135 
HC 2 

KK RCH140 ROUTE HYDROGRAPH SUM135 THRU REACH 140; 68' STREET 
RK 1800 -005 -015 TRAP 68 -0001 

KK SUB140 RUNOFF HYDROGRAPH FROM SUB-BASIN 140 



U A 0 5 16 30 65 77 84 90 94 97 
UA 100 

HEC-1 INPUT PAGE 9 

LINE 

KK SUM140 COMBINE HYDROGRAPH FROM RCH140 & SUB140 
HC 2 

KK DVT140 SPLIT HYDROGRAPH SUM140 50\50 
DT DVT141 
D l  0 50 100 200 300 400 
DQ 0 25 50 100 200 300 

KK RCH125 ROUTE HYDROGRAPH DVT140 THRU REACH 125 
RS 1 FLOW - 1 
RC .03 .025 .03 1500 .011 
RX 0 10 45 50 100 110 150 170 
RY 1281 1280 1279.5 1279 1279 1279.5 1280 1281 

KK SUM125 COMBINE HYDROGRAPH FROM SUM115, SUB125 & RCH125 
HC 3 

KK SUB145 RUNOFF HYDROGRAPH FROM SUB-BASIN 145 
KM ***** BEGIN NEW BRANCH ***** 
BA ,011 
LG .310 -310 5.050 -286 5.800 
UC .I96 -164 
U A 0 5 16 30 . 65 77 84 90 94 

KK DET145 ROUTE HYDROGRAPH SUB145 THRU DET BASIN 145; 
KM 150-FOOT WIER USED FOR HIGH FLOWS AND 1-24" RCP 
KO 1 
R S 1 STOR - 1 
S A 0 .12 .43 1.07 1.94 2.75 3.37 
SE 1296 1297 1298 1299 1300 1301 1302 
SL 1296 3.1 .4 .5 
SS 1300.5 150 2.6 1.5 

KK RCH150 RWTE HYDROGRAPH DET145 THRU REACH 150 
RS I FLOW - 1 
RC .03 -025 .03 620 .006 
RX 0 10 45 50 100 110 150 170 
R Y  1301 1300 1297 1296.5 1296.5 1297 1298 1301 

KK SUB150 RUNOFF HYDROGRAPH FROM SUB-BASIN 150 
BA .014 
LG .310 .310 5.050 -286 5.800 
UC .I88 . I21 
u A o 5 16 30 65 n a4 90 94 
UA 100 

KK SUB155 RUNOFF HYDROGRAPH FROM SUB-BASIN 155 
BA .022 
LG .I50 .350 5.050 .230 25.000 
UC .I88 .I68 
u A o 5 16 30 6s n 84 90 94 97 
UA 100 

HEC-1 INPUT PAGE 10 

LINE 

KK RCH160 ROUTE HYDROGRAPH SUB155 THRU REACH 160; 32' STREET 
RK 950 .005 .015 TRAP 32 .0001 

KK SUB160 RUNOFF HYDROGRAPH FROM SUB-BASIN 160 
BA .021 
LG .I50 .350 5.050 .230 25.000 

KK SUM160 COMBINE HYDROGRAPH FROM RCH160 & SUB160 
HC 2 

KK SUB165 RUNOFF HYDROGRAPH FROM SUB-BASIN 165 
BA .036 
LC .I74 .348 5.101 .240 22.610 



KK RCH170 ROUTE HYDROGRAPH SUB165 THRU REACH 170; 40' STREET 
RK 900 .005 .015 TRAP 40 .0001 

KK SUB170 RUNOFF HYDROGRAPH FROM SUB-BASIN 170 
BA .013 
LC . I50 -350 5.050 .230 25.000 
UC . I67  . I46 
UA 0 5 1 6  30 65 77 84 
UA 100 

KK SUM170 COMBINE HYDROGRAPH FROM RCH170 & SUB170 
HC 2 

KK SUM150 COMBINE HYDROGRAPH FROM RCHI50, SUB150, SUM160 & SUM170 
KM INFLOW INTO DETENTION BASIN 150 
HC 4 

KK DET150 ROUTE HYDROGRAPH SUM150 THRU DET BASIN 150; 
KM HIGH WlER & 2-36" RCP 
KO 1 
RS 1 STOR - 1 
S A 0 -30 .78 1.34 2.10 3.02 
SE 1294 1295 1296 1297 1298 1299 
SQ 0 .0001 12 40 75 108 

KK RCH175 ROUTE HYDROGRAPH DETl5O THRU REACH 175 
RS 1 FLOW - 1 
RC .03 .025 .03 1550 -004 
RX 0 60 95 100 145 150 175 200 
RY 1297 1296 1295 1294.5 1294.5 1295 1297 1299 

HEC-1 INPUT PAGE 11 

KK SUB175 RUNOFF HYDROGRAPH FROM SUB-BASIN 175 

KK SUB180 RUNOFF HYDROGRAPH FROM SUB-BASIN 180 
BA -022 

COMBINE HYDROGRAPH FROM RCH175, SUB175 & SUB180 
INFLOW INTO DETENTION BASIN 175 

ROUTE HYOROGRAPH SUM175 THRU DET BASIN 175; 
50-FOOT WIER USE0 FOR HIGH FLOWS AN0 1-24'' RCP 

KK SUB185 RUNOFF HYOROGRAPH FROM SUB-BASIN 185 
BA .029 
LG . I50  .350 5.050 .230 25.000 

KK DET185 ROUTE HYDROGRAPH SUB185 THRU DET BASIN 185 
Kt4 30-FOOT WlER USED FOR HIGH FLOWS AND 1-24" RCP 
KO 1 



KK SUM186 COMBINE HYDROGRAPH FROM DET175 & DET185 
HC 2 

KK RCH190 ROUTE HYDROGRAPH SUM186 THRU REACH 1 9 0  
RS 1 $LOU - 1 
RC .03 .025 .03 1 2 0 0  .008  
RX 0 3 5  4 5  5 0  110 1 2 5  1 4 5  1 5 0  
RY 1 2 9 4  1 2 9 2  1 2 9 1  1290 1 2 9 0  1 2 9 1  1 2 9 3  1 2 9 4  

HEC-1 INPUT PAGE 1 2  

L I N E  

RUNOFF HYDROGRAPH FROM SUB-BASIN 190 

RUNOFF HYDROGRAPH FROM SUB-BASIN 1 9 5  

RUNOFF HYDROGRAPH FROM SUB-BASIN 1 9 6  

COMBINE HYDROGRAPH FROM RCH190, SUB190, SUB195 & SUB196  
INFLOW INTO DETENTION BASIN  190 

ROUTE HYDROGRAPH SUM190 THRU DET BASIN  190; 
HIGH WIER & 2 - 3 6 "  RCP 

RUNOFF HYDROGRAPH FROM SUB-BASIN 2 0 0  

RETRIEVE P R E V I W S L Y  S P L I T  HYDROGRAPH FROM SUM140 

COMBINE HYDROGRAPH FROM DVT141, DET l9O 8 SUB200 
INFLOW INTO DETENTION BASIN  2 0 0  

ROUTE HYDROGRAPH SUM200 THRU DET BASIN  200;  
70-FOOT WIER USED FOR HIGH FLOWS AND 2 - 2 4 "  RCP 

STOR - 1 
.07 .77 2.21 3 . 0 9  3.96 4.60 

1 2 7 4  1 2 7 5  1 2 7 6  1 2 7 7  1 2 7 8  1 2 7 9  
6.2 .4  .5 

HEC-1 INPUT PAGE 13 

L I N E  

COMBINE HYDROGRAPH FROM SUM125 & DET2OO 
INFLOW INTO DETENTION BASIN 1 2 5  

KK DET'l25 ROUTE HYDROGRAPH SUM125 THRU OET BASIN  125; 



LINE 

KM 60-FOOT WIER USED FOR HIGH FLOWS AND 2-24" RCP 
KO 1 
RS 1 STOR - 1 

KK SUB205 RUNOFF HYDROGRAPH FROM SUB-BASIN 205 
BA -009 
LG -150 .350 5.050 -230 25.000 
UC .I54 .201 
UA 0 5 16 30 65 77 84 90 94 97 
UA 100 

KK SUM100 COMBINE HYDROGRAPH FROM SUM100, DET125 & SUB205 
KM INFLOW INTO DETENTION BASIN 100 
HC 3 

KK DETlOO ROUTE HYDROGRAPH SUM100 THRU DET BASIN 100; 
KM HIGH WIER AND 4 - 12'X4' CONCRETE BOX CULVERTS 
KO 1 
RS 1 STOR - 1 
S A 0 .24 1.15 2.03 2.80 3.46 4.08 
SE 1268 1269 1270 1271 1272 1273 1274 
SQ 0 130 330 620 970 1360 1650 

KK RCH210 ROUTE HYDROGRAPH DETIOO THRU REACH 210 
RS 1 FLOW - 1 
RC -03 -025 -03 750 -003 
RX 0 20 40 45 130 135 175 200 
R Y  1274 1270 12671266.5 1266.5 1267 1269 1271 

KK SUB210 RUNOFF HYDROGRAPH FROM SUB-BASIN 210 
BA -009 
LG .310 .310 5.050 .286 5.800 
UC .I46 -081 
U A 0 5 16 30 65 77 84 
UA 100 

KK SUM210 COMBINE HYDROGRAPH FROM DETIOO & SUB210 
HC 2 

HEC-1 INPUT 

KK SUB215 RUNOFF HYDROGRAPH FROM SUB-BASIN 215 
BA .029 
LG .I50 -350 5.050 .230 25.000 
UC .I96 .I85 
U A 0 5 16 30 65 77 84 
UA 100 

KK SUB220 RUNOFF HYDROGRAPH FROM SUB-BASIN 220 
BA .015 
LG -310 -310 5.050 -286 5.800 
UC -383 .334 
U A 0 5 16 30 65 77 84 
UA 100 

KK SUB225 RUNOFF HYDROGRAPH FROM SUB-BASIN 225 
BA .016 
LG .I50 -350 5.050 .230 25.000 
UC .092 -042 
u A o 5 16 30 6s n 84 90 94 97 
UA 100 

KK SUM220 COMBINE HYDROGRAPH FROM SUMZlO, SUB215, SUB220 & SUB225 
KM INFLOW INTO DETENTION BASIN 220 
HC 4 

KK OET220 ROUTE HYDROGRAPH SUM220 THRU DET BASIN 220; 
KM H I G H  UIER AND 4 - 12' X 4' CONCRETE BOX CULVERTS 
KO 1 
RS 1 STOR - 1 
S A 0 3.71 4.76 5.90 6.70 7.36 8.33 
SE 1265 1266 1267 1268 1269 1270 1271 
SQ 0 130 330 620 970 1360 1650 

PAGE 14 



KK SUB230 RUNOFF HYDROGRAPH FROM SUB-BASIN 230 
KM ***** BEGIN NEW BRANCH ***** 
BA .038 
LG .170 .345 5.050 .237 22.600 
UC .338 .416 
U A 0 5 16 30 65 77 84 90 94 
UA 100 

KK SUB235 RUNOFF HYDROGRAPH FROM SUB-BASIN 235 
BA .007 
LC -310 .310 5.050 .286 5.800 
UC .242 .291 
U A 0 5 16 30 65 77 84 90 94 
UA 100 

KK DET235 ROUTE HYDROGRAPH SUB235 THRU DET BASIN 235; 
KM 80-FOOT WIER USED FOR HIGH FLOWS AND 1-12" RCP 
KO 1 
RS 1 STOR -1 
S A 0 .28 .69 .92 1.18 
SE 1292 1293 1294 1295 1296 

HEC-I INPUT PAGE 15 

LINE 

KK SUB240 RUNOFF HYDROGRAPH FROM SUB-BASIN 240 
BA -045 
LG .I70 .345 5.050 .237 22.600 

KK SUB245 RUNOFF HYDROGRAPH FROM SUB-BASIN 245 
BA .014 
LG .290 .315 5.050 .279 8.200 

KK SUM245 COMBINE HYDROGRAPH FROM SUB230, DET235, SUB240 & SUB245 
KM INFLOW INTO DETENTION BASIN 245 
HC 4 

DET245 ROUTE HYDROGRAPH SUM245 THRU DET BASIN 245; 
50-FOOT WIER USED FOR HIGH FLOWS AND 2-24" RCP 

1 
1 STOR -1 
0 .36 .78 1.00 1.20 2.03 3.04 

1289 1290 1291 1292 1293 1294 1295 
1289 6.2 .4 .5 
1292 50 2.6 1.5 

KK RCH25O ROUTE HYDROGRAPH DET245 THRU REACH 250 
RS 1 FLOW - 1 
RC .03 .O25 .03 1500 .007 1290 
RX 0 25 45 55 110 120 140 170 
RY 1290 1288 1287 1286.5 1286.5 1287 1288 1290 

KK SUB250 RUNOFF HYDROGRAPH FROM SUB-BASIN 250 
BA -027 
LC -310 -310 5.050 .286 5.800 
UC .338 .317 
U A 0 5 16 30 65 77 84 90 94 
UA 100 

KK SUBCl RUNOFF HYDROGRAPH FROM OFFSITE AREA SUBCI 
KM ***** BEGIN NEW BRANCH ***** 
BA -028 
LC .35 .35 6.05 .20 1 

UA 100 
HEC-1 INPUT PAGE 16 

LINE 



KK RCHC2 ROUTE HYDROGRAPH SUBCl THRU REACH C2; GUNITE CHANNEL 
RK 1 4 0 0  .005 . 0 1 6  TRAP 1 0  .5 

KK SUBC2 RUNOFF HYDROGRAPH FROM OFFSITE AREA SUBC2 
BA - 0 2 7  
LG - 3 5  - 3 5  6.05 - 2 0  1 
UC - 5 1 2  .531 
U A 0 3 5 8 1 2  20 4 3  75 9 0  
UA 1 0 0  

KK SUMC2 COMBINE HYDROGRAPHS RCHC2 AND SUBCZ 
HC 2 

KK RCHC3 ROUTE HYDROGRAPH SUMC2 THRU REACH C3; GUNITE CHANNEL 
RK 1 6 0 0  - 0 0 5  .016 TRAP 10 .5 

KK SUBC3 RUNOFF HYDROGRAPH FROM DFFSITE AREA SUBC3 
BA .064 
LG .35  .35 6.05 - 2 0  1 
UC - 4 8 8  .382 
U A 0 3 5 8 1 2  2 0  4 3  
UA 1 0 0  

KK SUMC3 COMBINE HYDROGRAPHS RCHC3 AND S U B Q  
HC 2 

KK RCHC4 ROUTE HYDROGRAPH SUMC3 THRU REACH C4; GUNITE CHANNEL 
RK 1 4 0 0  - 0 0 5  .016 TRAP 1 0  - 5  

KK SUBC4 RUNOFF HYDROGRAPH FROM OFFSITE AREA SUBC4 
BA - 0 5 8  
LG .35  .35 6.05 - 2 0  1 
UC - 4 7 9  - 4 4 1  
UA 0 3 5 8 1 2  2 0  4 3  
UA 1 0 0  

KK SUMC4 COMBINE HYDROGRAPHS RCHC4 AND S U B W  
HC 2 

KK RCHDI ROUTE HYDROGRAPH SUMC4 THRU REACH D l ;  GUNITE CHANNEL 
RK 6 0 0  .005 . 0 1 6  TRAP 1 0  .5 

KK SUBD1 RUNOFF HYDROGRAPH FROM OFFSITE AREA SUBDl 
BA - 0 3 3  
LG .35 .35 4 .34  -26 1 
UC . 4 0 8  - 4 5 8  
U A 0 3 5 8 1 2  2 0  4 3  75 9 0  
UA 100 

HEC-1 INPUT 

96 
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.10  L I N E  

KK SUMDI COMBINE HYDROGRAPHS RCHDl AN0 SUBDl 
HC 2 

KK RCHD2 ROUTE HYDROGRAPH SUMO1 THRU REACH D2; GUNITE CHANNEL 
RK 900 - 0 0 5  - 0 1 6  TRAP 1 0  .5 

KK SUBD2 RUNOFF HYDROGRAPH FROM OFFSITE AREA SUBD2 
BA .055  

KK SUMD2 COMBINE HYDROGRAPHS RCHDZ AND SUBDZ 
HC 2 

KK RCHD3 R W T E  HYOROGRAPH SUMO2 THRU REACH D3; GUNITE CHANNEL 
RK 8 5 0  .005 - 0 1 6  TRAP 1 0  .5 

KK SUBD3 RUNOFF HYDROGRAPH FROM OFFSITE AREA SUBD3 
BA .081  
LC .35 - 3 5  4.34 - 2 6  1 
UC . 5 3 3  .504  ' 

U A 0 3 5 8 1 2  2 0  4 3  
UA 1 0 0  

KK SUMD3 COMBINE HYDROGRAPHS RCHD3 AND SUBD3 



KK SUBD4 RUNOFF HYDROGRAPH FROM OFFSITE AREA SUBD4 
BA . 0 8 9  
LG - 3 5  .35 4 .34  .26 1 
UC - 5 1 2  - 4 5 7  
U A 0 3 5 8 1 2  2 0  43 7 5  90 
U A  1 0 0  

KK RCHD4 ROUTE HYDROGRAPH SUBD4 THRU REACH D4; GUNITE CHANNEL 
RK 8 5 0  .005 .016  TRAP 1 0  - 5  

KK SUMD4 COMBINE HYDROGRAPHS RCHD4 AND SUMO3 
HC 2 

KK SUB255 RUNOFF HYDROGRAPH FROM SUB-BASIN 2 5 5  

UC . 4 6 3  .803  
u A o 5 16 30 6 s  n 8 4  90 9 4  97 
UA 1 0 0  

HEC-1 INPUT PAGE 18 

L I N E  

KK SUM255 COMBINE HYDROGRAPH FROM SUMO4 & SUB255 
HC 2 

KK RCH260 ROUTE HYDROGRAPH SUM255 THRU REACH 260; GUNITE CHANNEL 
RK 3 0 0  .005 - 0 1 6  TRAP 1 0  - 5  

KK SUB260 RUNOFF HYDROGRAPH FROM SUB-BASIN 2 6 0  
BA - 0 1 5  
LG . I 5 0  . 3 5 0  5.050 - 2 3 0  25.000 

KK SUM260 COMBINE HYDROGRAPH FROM RCH260 & SUB260 
HC 2 

KK SUM250 COMBINE HYDROGRAPH FROM RCH250, SUB 2 5 0  & SUM260 
KM INFLOW INTO DETENTION BASIN  2 5 0  
HC 3 

KK DET250  ROUTE HYDROGRAPH SUM250 THRU DET BASIN  250; 
KM 60-FOOT U I E R  USED FOR HIGH FLOWS AND 2 - 2 4 "  RCP 
KO 1 

KK RCH270 ROUTE HYDROGRAPH DET250  THRU REACH 2 7 0  
RS 1 FLOW -1 

KK SUB270 RUNOFF HYDROGAPH FROM SUB-BASIN 2 7 0  
BA - 0 1 2  

KK SUB280 RUNOFF HYDROGRAPH FROM SUB-BASIN 2 8 0  
BA -031 
LG . I 5 0  .350 5.050 .230  25.000 
UC - 2 5 4  - 2 8 0  
UA 0 5 1 6  3 0  6 5  77 84 9 0  9 4  97 
UA 1 0 0  

HEC-1 INPUT PAGE 19 

L I N E  

KK SUB290 RUNOFF HYDROGRAPH FROM SUB-BASIN 2 9 0  



KK SUM270 COMBINE HYDROGRAPH FROM RCH270, SUB270, SUB280 & SUB290 
HC 4 

KK DET270 ROUTE HYDROGRAPH SUM270 THRU DET BASIN 270; 
KM H I G H  WIER AND 3 . -  12' X 3' CONCRETE BOX CULVERTS 
KO 1 
RS 1 STOR - 1 
S A 0 -27 -72 1.08 1.71 2.27 
SE 1281 1282 1283 1284 1285 1286 
SQ 0 90 260 475 685 870 

KK RCH295 ROUTE HYDROGRAPH DET270 THRU REACH 295 
RS 1 FLOW - 1 
RC .03 .025 .03 550 .002 
RX 0 15 30 50 80 100 120 155 
RY 1282 1280 1279 1278 1278 1279 1280 1281 

KK SUB295 RUNOFF HYDROGRAPH FROM SUB-BASIN 295 
BA .010 

KK SUM295 COMBINE HYDROGRAPH FROM RCH295 8 SUB295 
KM INFLOW INTO DETENTION BASIN 295 
HC 2 

KK DET295 ROUTE HYDROGRAPH SUM295 THRU DET BASIN 295; 
KM 80-FOOT WIER USED FOR H I G H  FLOWS AND 2 - 24" 
KO 1 
RS 1 STOR - 1 
S A 0 -15 .51 1.02 1.63 2.39 2.90 
SE 1276 1277 1278 1279 1280 1281 1282 
SL 1276 6.2 - 4  .5 
SS 1279 80 2.6 1.5 

RCP 

KK RCH300 ROUTE HYDROGRAPH DET295 THRU REACH 300 
RS 1 FLOW - 1 
RC .03 .025 .03 850 .008 
RX 0 20 25 30 80 85 110 140 
RY 1278 1276 1275 1274.5 1274.5 1275 1277 1280 

HEC-1 INPUT PAGE 20 

LINE 

KK SUB300 RUNOFF HYDROGRAPH FROM SUB-BASIN 300 
BA .013 
LG .330 .305 5.050 .293 3.400 
UC -221 .I85 
U A 0 5 16 30 65 77 84 
UA 100 

KK SUB305 RUNOFF HYDROGRAPH FROM SUB-BASIN 305 
BA .023 
LG .I50 -350 5.050 .230 25.000 

KK SUB310 RUNOFF HYDROGRAPH FROM SUB-BASIN 310 
BA .015 
LC . lo0 -350 5.050 .230 80.000 

KK SUB315 RUNOFF HYDROGRAPH FROM SUB-BASIN 315 



845 KK RCH320 RWTE HYDROGRAPH SUB375 THRU REACH 320; 68' STREET 
846 RK 1400 .005 -015 TRAP 68 .0001 

847 KK SUB320 RUNOFF HYDROGRAPH FROM SUB-BASIN 320 
848 BA .019 
849 LG .I00 .350 5.05 .230 80.000 
85 0 UC .221 -291 
85 1 u A o 5 16 30 6s n 84 90 94 
85 2 UA 100 

853 KK SUM320 COMBINE HYDROGRAPH FROM RCH320 & SUB320 
85 4 HC 2 

85 5 KK SUM300 COMBINE HYDROGRAPH FROM RCH300, SUB300, SUB305, SUB310 & SUM320 
856 KM INFLOU INTO DETENTION BASIN 300 
85 7 H C 5 

ROUTE HYDROGRAPH SUM300 THRU DET BASIN 300; 
140-FOOT WIER USED FOR HIGH FLOWS AND 1-24" RCP 

STOR - 1 
-66 -88 1.30 2.03 2.61 3.55 

1272 1273 1274 1275 1276 1277 
3.1 . L -5  
140 2.6 1.5  

HEC-1 INPUT 

LINE I 0  ....... 1.......2 ....... 3.......4.......5.......6.-.....7.......8.......9......10 

866 KK SUB325 RUNOFF HYDROGRAPH FROM SUB-BASIN 325 
867 BA .028 
868 LG .I50 -350 5.050 -230 25.000 
869 UC .233 .249 
870 U A 0 5 16 30 65 77 84 90 94 
871 UA 100 

872 KK SUB330 RUNOFF HYDROGRAPH FROM SUB-BASIN 330 
873 BA .047 

878 KK SUB335 RUNOFF HYOROGRAPH FROM SUB-BASIN 335 
879 BA .028 
880 LC .I50 .350 5.050 .230 25.000 

884 KK SUM330 COMBINE HYDROGRAPH FROM DET220, DET300, SUB325, SUB330 & SUB335 
885 KM INFLOW INTO DETENTION BASIN 330 
886 HC 5 

887 KK OET330 RWTE HYDROGRAPH SUM330 THRU DET BASIN 330; 
888 KM OUTLET CONSISTS OF TRANS CHANNEL FROM DET BASIN 330 TO EXIST 
889 KM CHANNEL ALONG DEER VALLEY DR. SEE HEC-2 RUN SCUEHZC FOR ELEV 
890 KM VS DISCHARGE BASED ON BACKWATER. 
89 1 KO 1 

894 SE 1264 1265 1266 1267 1268 1269 1270 
895 SQ 0 80 220 450 830 1300 2000 
896 ZZ 

1 
SCHEMATIC DIAGRAM OF STREAM NETWORK 

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

NO. (.) CONNECTOR (< - - - )  RETURN OF DIVERTED OR PUMPED FLOW 
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76 SUBA 





SUB130 
v 
v 

RCH135 

SUB 135 





SUMZOO. 
v 
v 

DETZOO 

SUM100. 
v 
v 

DETlOO 
v 
v 

RCH2lO 



SUMCZ. 
v 
v 

RCHC3 

SUBDI 

SUMDI... . . . . . . . . .  
v 
v 

RCHDZ 





(***I RUNOFF ALSO COMPUTED AT THIS LOCATION 
.......................................... 
* * 
* FLOOD HYDROGRAPH PACKAGE (HEC-1) * * SEPTEMBER 1990 * 
* VERSION 4.0 * 
* 
* RUN DATE 08/11/1992 TIME 11:32:43 * 
* * 
......................................... 

....................................... 
* * 
* U.S. ARMY CORPS OF ENGINEERS * 
* HYDROLOGIC ENGINEERING CENTER * * 609 SECOND STREET * 
* DAVIS, CALIFORNIA 95616 f 

* (916) 756-1104 * 
* * 
....................................... 

SUN CITY WEST EXPANSION AREA MASTER DRAINAGE 
STANLEY CONSULTANTS JOB # 11389 DATE: 11 AUG 9 2  
HEC-1 MODEL 113898 (EXIST COND OFFSITE; DEVELOPED COND ONSITE) 

CLARK UNIT HYDROGRAPH 

2-HR STORM DISTRIBUTION (FCDMC HYDROLOGIC DESIGN MANUAL; TABLE 2.2) 
PI00 = 2.77" - - NO AERIAL REDUCTION 

COMPUTATION TIME INTERVAL 5 MINUTES 

GREEN-AMPT LOSS RATES FOR OFFSITE EXISTING CONDITIONS BASED ON 
AREA-WEIGHTED VALUES OF EXISTING SOILS ASSUMING DTHETA DRY 
AND VEGETATIVE COVER 25 PERCENT. 
IA ASSUMED TO BE 0.35 INCHES AND PERCENT IMPERVIOUS ASSUMED 
TO BE 1 PERCENT. 

GREEN-AMPT LOSS RATES FOR ONSITE DEVELOPED CONDITIONS ARE AREA-WEIGHTED. 
RAINFALL LOSSES FOR ONSITE DEVELOPED SOILS ASSUME SAME BASE DTHETA, 
PSIF & XKSAT FROM WEIGHTED ONSITE EXISTING SOILS. INITIAL ABSTRACT 
AND PERCENT IMPERV AS FOLLOWS: 

I A RTIMP 
RES SF AND CAS 0.15 25 
GOLF/OPEN SP 0.35 1 
COMMERCIAL 0.10 80 

TIME OF CONCENTRATION, TC, AND STORAGE COEFFICIENT, R, ARE BASED ON 
MCUHPl (REVISED 12-16-91) WITH LENGTHS AND SLOPES ESTIMATED 
FROM PRELIMINARY LOT LAYOUTS AND GRADING. Kb BASED ON m AND b 
PARAMETERS FROM TABLE 5.1 OF HYDROLOGY MANUAL. ONSITE VALUES 
ARE AREA-WEIGHTED FOR COMPOSITE LAND USE BASED ON: 

m b 
SF RES, CAS & COMM -0.00625 0.040 
GOLF/OPEN SP -0.0250 0.015 
EXIST DESERT -0.0160 0.100 



TIME-AREA RELATION FROM TABLE 5.2: 
OFFSITE AREAS USE A NATURAL TIME-AREA UA RECORD 
ONSITE AREAS USE AN URBAN TIHE-AREA UA RECORD 

HYDROGRAPH ROUTING THRU STREET REACH USES KENEMATIC WAVE AND ASSUMES: 
TRAPEZOID CHANNEL, Wbase=32,,401 OR 68'; S I D E  SLOPE 1V:O.OOOlH; 

"nM = 0.015; SLOPE S = 0.005 ( f t / f t )  

HYDROGRAPH ROUTING THRU GUNITE CHANNEL USES KINEMATIC WAVE AND ASSUMES: 
TRAPEZOID CHANNEL, Ubase=101(MIN),201(MAX); S I D E  SLOPE 1V:0.5H; 

'nu = 0.016; SLOPE S = 0.005 ( f t / f t )  

HYOROGRAPH ROUTING THRU GOLF CWRSE CHANNEL USES Ma) PULS AND ASSUMES: 
CROSS SECTIONS BASED ON GOLF COURSE GRADING PLANS; 
LOW FLOU uln" = 0.025; OVERBANK I1nu1 = 0.030; 
CHANNEL SLOPE BASED ON ESTIMATED HYDRAULIC GRADIENT; 
SLOPE S = DELTA ELEVATION / LENGTH OF FLOVPATH 
ELEVATION CHANGE I S  UPSTREAM FLOWLINE TO DOWNSTREAM FLOWLINE 
(or t o  water surface o f  detent ion bas in  a s s u m i n g  3' ponding depth). 
NSTPS (RS RECORD) = LENGTH/(VEL*300 SEC) -- VEL ASSUMED @ 5 FPS 

HYDROGRAPH ROUTING THRU DET BASINS USES MOD PULS LEVEL POOL. 
ELEVATION VS STORAGE DATA I S  BASED ON GOLF COURSE PLANS. 
BASIN  CUTLETS CONSISTING OF P I P E  AND U I E R  I N  COMBO ASSUMES: 

P I P E  S I Z E  RANGES FROM SINGLE 12" TO MULTI - 24"  
LOW-FLOWS ASSUME O R I F I C E  EQUATION: 

Q = C * A ( p i p e )  * H(above FL)^O.S 
(ORIF ICE COEF, C, ESTIMATED AT 0.40 TO GIVE RESULTS 

S IMILAR TO HEC-5 FOR C I R C  RCP W/ INLET CONTROL) 
WIERS ARE ASSUMED TO BE BROAD, HORIZ CREST WITH VERT SIDES, 

U I E R  COEFF = 2.6 
BASIN  OUTLETS CONSISTING OF ROADWAY CULVERTS ASSUME 

HEC-5 ELEV-DISCHARGE. 
DET BASIN  330 ELEV-DISCHARGE BASED ON BACKWATER FROM HEC-2 SCWEH2C 

OUTPUT CONTROL VARIABLES 
IPRNT 5 PRINT CONTROL 
I PLOT 0 PLOT CONTROL 
QSCAL 0. HYDROGRAPH PLOT SCALE 

HYDROGRAPH TIME DATA 
NMIN 5 MINUTES I N  COMPUTATION INTERVAL 

IDATE 1 0 STARTING DATE 
I T I M E  0 0 0 0  STARTING TIME 

NQ 2 0 0  NUMBER OF HYDROGRAPH ORDINATES 
NDDATE 1 0 ENDING DATE 
NDTIME 1 6 3 5  ENDING TIME 
ICENT 19 CENTURY MARK 

COMPUTATION INTERVAL .08 HOURS 
TOTAL T IME BASE 16 .58  HOURS 

ENGLISH UNITS 
DRAINAGE AREA SQUARE M I L E S  
PRECIP ITATION DEPTH INCHES 
LENGTH, ELEVATION FEET 
FLOW CUBIC FEET PER SECOND 
STORAGE VOLUME ACRE-FEET 
SURFACE AREA ACRES 
TEMPERATURE DEGREES FAHRENHEIT 

**a*********** 

* * 
1 7 0  KK * DET40 * ROUTE HYOROGRAPH SUM40 THRU DET BASIN  40; 

* * 
************** 

172 KO OUTPUT CONTROL VARIABLES 
IPRNT 1 PRINT CONTROL 
I PLOT 0 PLOT CONTROL 
QSCAL 0. HYDROGRAPH PLOT SCALE 

HYDROGRAPH ROUTING DATA 



173 RS STORAGE ROUTING 
NSTPS 1 NUMBER OF SUBREACHES 

ITYP STOR TYPE OF INITIAL CONDITION 
RSVRIC -1.00 INITIAL CONDITION 

X .OO WORKING R AND D COEFFICIENT 

174 SA AREA -0 -1  .4 .7 1.2 3.1 

175 SE ELEVATION 1294.00 1295.00 1296.00 1297.00 1298.00 1299.00 

176 SQ DISCHARGE 0. 50. 145. 260. 385. 485. 

COMPUTED STORAGE-ELEVATION DATA 

STORAGE -00 .04 .26 . n 1.69 3.78 
ELEVATION 1294.00 1295.00 1296.00 1297.00 1298.00 1299.00 

*** WARNING *** MODIFIED PULS ROUTING MAY BE NUMERICALLY UNSTABLE FOR OUTFLOWS BETWEEN 0. TO 145. 
THE ROUTED HYDROGRAPH SHOULD BE EXAMINED FOR OSCILLATIONS OR OUTFLOWS GREATER THAN PEAK INFLOWS. 
THIS CAN BE CORRECTED BY DECREASING THE TIME INTERVAL OR INCREASING STORAGE (USE A LONGER REACH.) 

HYDROGRAPH AT STATION DET40 

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

DA MON HRMN ORD OUTFLOW STORAGE STAGE * DA MON HRMN ORD OUTFLOW STORAGE STAGE * DA MON HRMN ORD OUTFLOW STORAGE 
* * 

1 0000 1 0. .O 1294.0 * 1 0535 68 0. .O 1294.0* 1 1110135 0. .O 
1 0005 2 0. .O 1294.0 * 1 0540 69 0. .O 1294.0 * 1 1115 136 0. -0 
1 0010 3 1. .O 1294.0* 1 0545 70 0. -0 1294.0 1 1120 137 0. .O 
1 0015 4 1. .O 1294.0 * 1 0550 71 0. .O 1294.0 * 1 1125 138 0. .O 
1 0020 5 1. .O 1294.0 * 1 0555 72 0. .O 1294.0 1 1130 139 0. .O 
1 0025 6 1. .O 1294.0* 1 0600 73 0. .O 1294.0 * 1 1135 140 0. -0 
1 0030 7 2. .O 1294.0* 1 0605 74 0. .O 1294.0 * 1 1140 141 0. .O 
1 0035 8 2. .O 1294.0 * 1 0610 75 0. .O 1294.0* 1 1145142 0. -0 
1 0040 9 4. - 0  1294.1 * 1 0615 76 0. -0 1294.0 * 1 1150 143 0. .O 
1 0045 10 5. .O 1294.1* 1 0620 77 0. .O 1294.0 * 1 1155 144 0. .O 
1 0050 11 7. . 0 1 2 9 4 . 1 * 1  0 6 2 5 7 8  0. .O 1294.0 * 1 1200 145 0. -0 
1 0055 12 10. .O 1294.2 * 1 0630 79 0. .O 1294.0 * 1 1205 146 0. -0 
1 0100 13 18. .O 1294.4 * 1 0635 80 0. -0 1294.0 * 1 1210 147 0. -0 
1 0105 14 52. .O 1295.0* 1 0640 81 0. -0 1294.0 * 1 1215 148 0. .O 
1 0110 15 102. .2 1295.5* 1 0645 82 0. -0 1294.0 * 1 1220 149 0. -0 
1 0115 16 174. .4 1296.3 * 1 0650 83 0. -0  1294.0 * 1 1225 150 0. .O 
1 0120 17 245. .7 1296.9 * 1 0655 84 0. .O 1294.0 * 1 1230 151 0. -0 
1 0125 18 305. 1.1 1297.4 * 1 0700 85 0. -0 1294.0 * 1 1235 152 0. -0 
1 0130 19 354. 1.5 1297.8* 1 0705 86 0. -0  1294.0 * 1 1240 153 0. -0 
1 0135 20 371. 1.6 1297.9 * 1 0710 87 0. -0  1294.0 * 1 1245 154 0. -0 
1 0140 21 348. 1.4 1297.7 * 1 0715 88 0. -0 1294.0 * 1 1250 155 0. .O 
1 0 1 4 5 2 2  299. 1.1 1297.3 * 1 0720 89 0. - 0  1294.0 * 1 1255 156 0. -0 
1 0 1 5 0 2 3  236. .7 1296.8 * 1 0725 90 0. .O 1294.0 1 1300 157 0. .O 
1 0155 24 168. .4 1296.2 * 1 0730 91 0. .O 1294.0 * 1 1305 158 0. .O 
1 0200 25 118. .2 1295.7 * 1 0735 92 0. -0 1294.0 * 1 1310 159 0. -0 
1 0205 26 83. -1  1295.4 * 1 0740 93 0. .O 1294.0 * 1 1315 160 0. .O 
1 0 2 1 0 2 7  63. - 1  1295.1* 1 0745 94 0. .O 1294.0 * 1 1320 161 0. .O 
1 0 2 1 5 2 8  46. .O 1294.9* 1 0750 95 0. .O 1294.0 * 1 1325 162 0. .O 
1 0220 29 31. .O 1294.6 * 1 0755 96 0. -0 1294.0 * 1 1330 163 0. .O 
1 0225 30 25. .O 1294.5' 1 0800 97 0. .O 1294.0 * 1 1335 164 0. .O 
1 0230 31 17. -0  1294.3 * 1 0805 98 0. .O 1294.0 * 1 1340 165 0. .O 
1 0235 32 14. .O 1294.3 * 1 0810 99 0. .O 1294.0 * 1 1345 166 0. .O 
1 0240 33 10. .O 1294.2 * 1 0815 100 0. .O 1294.0 * 1 1350 167 0. .O 
1 0245 34 8. - 0  1294.2 * 1 0820 101 0. -0 1294.0 1 1355 168 0. .O 
1 0250 35 6. .O 1294.1 * 1 0825 102 0. .O 1294.0 * 1 1400 169 0. .O 
1 0255 36 4. .O 1294.1 * 1 0830 103 0. -0 1294.0 * 1 1405 170 0. .O 
1 0300 37 3. .O 1294.1* 1 0835104 0. -0 1294.0 * 1 1410 171 0. .O 
1 0305 38 2. .O 1294.0 * 1 0840 105 0. .O 1294.0 * 1 1415 172 0. .O 
1 0 3 1 0 3 9  1. -0  1294.0 * 1 0845 106 0. .O 1294.0 * 1 1420 173 0. .O 
1 0315 40 0. -0  1294.0 * 1 0850 107 0. -0 1294.0 * 1 1425 174 0. .O 
1 0320 41 0. .O 1294.0 * 1 0855 108 0. -0 1294.0 1 1430 175 0. .O 
1 0325 42 0. .O 1294.0 * 1 0900 109 0. .O 1294.0 * 1 1435 176 0. .O 
1 0330 43 0. .O 1294.0 * 1 0905 110 0. -0  1294.0 * 1 1440 177 0. .O 
1 0335 44 0. .O 1294.0 * 1 0910 111 0. -0  1294.0 * 1 1445 178 0. .O 
1 0340 45 0. .O 1294.0 * 1 0915 112 0. .O 1294.0 * 1 1450 179 0. .O 
1 0345 46 0. .O 1294.0 * 1 0920 113 0. -0 1294.0 * 1 1455 180 0. .O 
1 0350 47 0. -0  1294.0 * 1 0925 114 0. .O 1294.0 * 1 1500 181 0. .O 
1 0355 48 0. .O 1294.0 * 1 0930 115 0. .O 1294.0 * 1 1505 182 0. .O 
1 0400 49 0. .O 1294.0 * 1 0935 116 0. .O 1294.0 * 1 1510 183 0. .O 

STAGE 



PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6-HR 24 - HR 72-HR 16.58-HR 

+ (CFS) (HR) 
(CFS) 

+ 371. 1.58 44. 16. 16. 16. 
(INCHES) 1.495 1.495 1.495 1.495 
(AC-FT) 22. 22. 22. 22. 

PEAK STORAGE TIME 

+ ( A C - F T )  (HR) 
2. 1.58 

PEAK STAGE TlME 

MAXIMUM AVERAGE STORAGE 
6-HR 24 - HR 72-HR 16.58-HR 

MAXIMUM AVERAGE STAGE 
6-HR 24-HR 72-HR 16.58-HR 

+ (FEET) (HR) 
1297.89 1.58 1294.55 1294.20 1294.20 1294.20 

CUMULATIVE AREA = .27 SQ M I  

ROUTE HYDROGRAPH SUM45 THRU DET BASIN 45; 

193 KO OUTPUT CONTROL VARIABLES 
IPRNT 1 PRINT CONTROL 
IPLOT 0 PLOT CONTROL 
QSCAL 0. HYDROGRAPH PLOT SCALE 

HYDROGRAPH ROUTING DATA 

STORAGE ROUTING 
NSTPS 1 NUMBER OF SUBREACHES 

lTYP STOR TYPE OF INITIAL CONDITION 
RSVRIC -1.00 INITIAL CONDITION 

X .OO WORKING R AND D COEFFICIENT 

AREA .O .O .1 .5 -8 1.1 1.4 2.7 3.3 

ELEVATION 1287.00 1288.00 1289.00 1290.00 1291.00 1292.00 1292.50 1293.00 1294.00 

LOW-LEVEL OUTLET 
ELEVL 1287.00 ELEVATION AT CENTER OF OUTLET 
CAREA 3.10 CROSS-SECTIONAL AREA 

COQL .40 COEFFICIENT 
EXPL .50 EXPONENT OF HEAD 

SPILLWAY 
CREL 1292.00 SPILLWAY CREST ELEVATION 

SPWID 190.00 SPILLWAY WIDTH 
COQW 2.60 WEIR COEFFICIENT 



EXPU 1.50 EXPONENT OF HEAD 

""" 

COMPUTED STORAGE-ELEVATION DATA 

STORAGE -00 .Oo .07 .37 1.01 1.96 2.59 3.60 6.60 
ELEVATION 1287.00 1288.00 1289.00 1290.00 1291.00 1292.00 1292.50 1293.00 1294.00 

COMPUTED WTFLOW-ELEVATION DATA 

OUTFLOW .OO 9.75 10.49 11.35 12.35 13.56 15.03 16.85 19.17 22.24 
ELEVATION 1287.00 1287.96 1288.11 1288.30 1288.54 1288.86 1289.28 1289.87 1290.72 1292.00 

OUTFLOW 23.76 33.89 60.92 113.21 199.07 326.88 504.91 741.46 1044.86 1423.55 
ELEVATION 1292.02 1292.08 1292.18 1292.32 1292.50 1292.72 1292.98 1293.28 1293.62 1294.00 

COMPUTED STORAGE-OUTFLOW-ELEVATION DATA 

STORAGE -00 .00 -00 -00 .01 .02 -05 -07 -12 .31 
OUTFLOW .OO 9.75 9.94 10.49 11.35 12.35 13.56 14.06 15.03 16.85 

ELEVATION 1287.00 1287.96 1288.00 1288.11 1288.30 1288.54 1288.86 1289.00 1289.28 1289.87 

STORAGE .37 .80 1.01 1.96 1.98 2.05 2.17 2.35 2.59 2.95 
OUTFLOW 17.22 19.17 19.89 22.24 23.76 33.89 60.92 113.21 197.98 326.88 

ELEVATION 1290.00 1290.72 1291.00 1292.00 1292.02 1292.08 1292.18 1292.32 1292.50 1292.72 

STORAGE 3.55 3.60 4.39 5.40 6.60 
OUTFLOW 504.91 518.36 741.46 1044.86 1423.55 

ELEVATION 1292.98 1293.00 1293.28 1293.62 1294.00 

*** WARNING *** MODIFIED PULS ROUTING MAY BE NUMERICALLY UNSTABLE FOR OUTFLOWS BETWEEN 0. TO 1424. 
THE ROUTED HYDROGRAPH SHOULD BE EXAMINED FOR OSCILLATIONS OR OUTFLOWS GREATER THAN PEAK INFLOWS. 
THIS CAN BE CORRECTED BY DECREASING THE TIME INTERVAL OR INCREASING STORAGE (USE A LONGER REACH.) 

HYDROGRAPH AT STATION DET45 

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

DA MON HRMN ORD OUTFLOW STORAGE STAGE * DA MON HRMN ORD OUTFLOW STORAGE STAGE * DA MON HRMN ORD OUTFLOW STORAGE STAGE * * 
1 0000 1 0. -0 1287.0 * 1 0535 68 0. -0  1287.0 * 1 1110 135 0. -0 1287.0 
1 0005 2 0. -0 1287.0 1 0540 69 0. .O 1287.0 * 1 1115 136 0. -0 1287.0 
1 0010 3 0. .O 1287.0 * 1 0545 70 0. -0  1287.0 * 1 1120 137 0. .O 1287.0 
1 0015 4 0. -0 1287.0 * 1 0550 71 0. -0  1287.0* 1 1125138 0. .O 1287.0 
1 0020 5 1. .O 1287.1 * 1 0555 72 0. -0  1287.0 * 1 1130 139 0. .O 1287.0 
1 0025 6 1. .O 1287.1 * 1 0600 73 0. .O 1287.0 * 1 1135 140 0. .O 1287.0 
1 0030 7 1. .O 1287.1* 1 0605 74 0. .O 1287.0 * 1 1140 141 0. -0 1287.0 
1 0035 8 2. -0 1287.2 * 1 0610 75 0. -0  1287.0 * 1 1145 142 0. -0 1287.0 
1 0040 9 2. .O 1287.2 * 1 0615 76 0. .O 1287.0 * 1 1150 143 0. -0 1287.0 
1 0045 10 3. -0 1287.3 * 1 0620 77 0. .O 1287.0 * 1 1155 144 0. -0 1287.0 
1 0050 11 4. -0 1287.4 * 1 0625 78 0. .O 1287.0 * 1 1200 145 0. .O 1287.0 
1 0055 12 6. .O 1287.6 * 1 0630 79 0. -0  1287.0 * 1 1205 146 0. -0 1287.0 
1 0100 13 11. .O 1288.3 * 1 0635 80 0. .O 1287.0 * 1 1210 147 0. -0 1287.0 
1 0105 14 15. .1  1289.3 * 1 0640 81 0. .O 1287.0 * 1 1215 148 0. .O 1287.0 
1 0110 15 18. .5 1290.2 * 1 0645 82 0. .O 1287.0 * 1 1220 149 0. .O 1287.0 
1 0 1 1 5 1 6  20. 1.2 1291.2* 1 0650 83 0. -0  1287.0 * 1 1225 150 0. .O 1287.0 
1 0 1 2 0 1 7  73. 2.2 1292.2 * 1 0655 84 0. .O 1287.0 * 1 1230 151 0. .O 1287.0 
1 0125 18 271. 2.8 1292.6 * 1 0700 85 0. .O 1287.0 * 1 1235 152 0. .O 1287.0 
1 0130 19 317. 2.9 1292.7 * 1 0705 86 0. .O 1287.0 * 1 1240 153 0. -0 1287.0 
1 0135 20 355. 3.0 1292.8 * 1 0710 87 0. .O 1287.0 * 1 1245 154 0. .O 1287.0 
1 0140 21 365. 3.1 1292.8 * 1 0715 88 0. .O 1287.0 * 1 1250 155 0. -0 1287.0 
1 0145 22 341. 3.0 1292.7* 1 0720 89 0. .O 1287.0* 1 1255156 0. .O 1287.0 
1 0150 23 291. 2.9 1292.7* 1 0725 90 0. .O 1287.0 * 1 1300 157 0. -0 1287.0 
1 0155 24 230. 2.7 1292.6 * 1 0730 91 0. .O 1287.0 * 1 1305 158 0. .O 1287.0 
1 0200 25 170. 2.5 1292.4 * 1 0735 92 0. .O 1287.0 * 1 1310 159 0. .O 1287.0 
1 0205 26 122. 2.4 1292.3 * 1 0740 93 0. .O 1287.0 * 1 1315 160 0. .O 1287.0 
1 0210 27 90. 2.3 1292.3 * 1 0745 94 0. .O 1287.0 * 1 1320 161 0. -0 1287.0 
1 0215 28 67. 2.2 1292.2 * 1 0750 95 0. -0  1287.0 * 1 1325 162 0. -0 1287.0 
1 0220 29 51. 2.1 1292.1 * 1 0755 96 0. .O 1287.0 * 1 1330 163 0. -0  1287.0 
1 0225 30 38. 2.1 1292.1* 1 0800 97 0. .O 7287.0 * 1 1335 164 0. -0 1287.0 
1 0230 31 30. 2.0 1292.1 * 1 0805 98 0. .O 1287.0 * 1 1340 165 0. .O 1287.0 
1 0235 32 24. 2.0 1292.0 * 1 0810 99 0. -0 1287.0 * 1 1345 166 0. -0 1287.0 
1 0240 33 22. 1.9 1292.0 * 1 0815 100 0. .O  1287.0 * 1 1350 167 0. .O 1287.0 
1 0245 34 22. 1.9 1291.9* 1 0820101 0. -0 1287.0 * 1 1355 168 0. -0 1287.0 
1 0250 35 22. 1.8 1291.8* 1 0825102 0. -0 1287.0 * 1 1400 169 0. -0 1287.0 
1 0255 36 22. 1.7 1291.7* 1 0830103 0. .O 1287.0 * 1 1405 170 0. .O 1287.0 



PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6- HR 24-  HR 72-HR 16.58-HR 

+ (CFS) (HR) 
(CFS) 

+ 365.  1 . 6 7  45. 16. 16. 16. 
(INCHES) 1.496 1.496 1.496 1.496 

(AC-FT) 22.  22. 22. 22. 

PEAK STORAGE TIME MAXIMUM AVERAGE STORAGE 
6-HR 2 4  - HR 72-HR 16.58-HR 

+ (AC-FT) (HR) 
3. 1.67 1. 0. 0. 0. 

PEAK STAGE TIME 

+ (FEET) (HR) 
1292 .78  1 .67  

MAXIMUM AVERAGE STAGE 
6 -  HR 24-HR 72-HR 16.58-HR 

CUMULATIVE AREA = .28 SQ M I  

ROUTE HYDROGRAPH SUB145 THRU DET BASIN 145; 

OUTPUT CONTROL VARIABLES 
I PRNT 1 PRINT CONTROL 
I PLOT 0 PLOT CONTROL 
QSCAL 0. HYDROGRAPH PLOT SCALE 

HYDROGRAPH R W T I N G  DATA 

STORAGE R W T I N G  
NSTPS 1 NUMBER OF SUBREACHES 

I T Y P  STOR TYPE OF I N I T I A L  CONDITION 
RSVRIC -1.00 I N I T I A L  CONDITION 

X .OO WORKING R AND D COEFFICIENT 

AREA .O .1 .4 1.1 1.9 2.8 3.4 



381 SE ELEVATION 1296.00 1297.00 1298.00 1299.00 1300.00 1301.00 1302.00 

382 SL LOW-LEVEL OUTLET 
ELEVL 1296.00 ELEVATION AT CENTER OF OUTLET 
CAREA 3.10 CROSS-SECTIONAL AREA 
COQL .40 COEFFICIENT 
EXPL -50 EXPONENT OF HEAD 

383 SS SPILLWAY 
CREL 1300.50 SPILLWAY CREST ELEVATION 

SPUlD 150.00 SPILLWAY WIDTH 
COQU 2.60 WEIR COEFFICIENT 
EXPW 1.50 EXPONENT OF HEAD 

COMPUTED STORAGE-ELEVATION DATA 

STORAGE .OO -04 .30 1.03 2.51 4.84 7.90 
ELEVATION 1296.00 1297.00 1298.00 1299.00 1300.00 1301.00 1302.00 

COMPUTED OUTFLOW-ELEVATION DATA 

OUTFLOW .OO 9.73 10.43 11.24 12.19 13.32 14.67 16.33 18.41 21.10 
ELEVATION 1296.00 1296.96 1297.10 1297.28 1297.50 1297.79 1298.18 1298.70 1299.43 1300.50 

OUTFLOW 21.91 27.19 41.21 68.17 112.40 178.10 269.54 390.96 546.69 740.84 
ELEVATION 1300.52 1300.56 1300.64 1300.74 1300.88 1301.04 1301.24 1301.46 1301.72 1302.00 

COMPUTED STORAGE-OUTFLOW-ELEVATION DATA 

STORAGE .OO -04 .04 -05 -08 .13 .22 .30 .38 -73 
OUTFLOW -00 9.73 9.94 10.43 11.24 12.19 13.32 14.06 14.67 16.33 

ELEVATION 1296.00 1296.96 1297.00 1297.10 1297.28 1297.50 1297.79 1298.00 1298.18 1298.70 

STORAGE 1.03 1.55 2.51 3.57 3.61 3.72 3.90 4.16 4.51 4.84 
OUT FLOW 17.22 18.41 19.89 21.10 21.91 27.19 41.21 68.17 112.40 160.12 

ELEVATION 1299.00 1299.43 1300.00 1300.50 1300.52 1300.56 1300.64 1300.74 1300.88 1301.00 

STORAGE 4.96 5.51 6.17 6.97 7.90 
OUTFLOU 178.10 269.54 390.96 546.69 740.84 

ELEVATION 1301.04 1301.24 1301.46 1301.72 1302.00 

a 
HYDROGRAPH AT STATION DET145 

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

DA MON HRMN OR0 OUTFLOW STORAGE STAGE * OA MON HRMN ORD OUTFLOW STORAGE STAGE * DA MON HRMN ORD OUTFLOW STORAGE STAGE * * 
1 0000 1 0. .O 1296.0 * 1 0535 68 0. .O 1296.0 * 1 1110 135 0. .O 1296.0 
1 0005 2 0. .O 1296.0 * 1 0540 69 0. .O 1296.0 * 1 1115 136 0. -0 1296.0 
1 0010 3 0. .O 1296.0* 1 0545 70 0. .O 1296.0 * 1 1120 137 0. -0 1296.0 
1 0015 4 0. .O 1296.0* 1 0550 71 0. .O 1296.0* 1 1125138 0. .O 1296.0 
1 0020 5 0. .O 1296.0* 1 0555 72 0. .O 1296.0 * 1 1130 139 0. -0 1296.0 
1 0025 6 0. .O 1296.0* 1 0600 73 0. .O 1296.0 * 1 1135 140 0. .O 1296.0 
1 0030 7 0. .O 1296.0 * 1 0605 74 0. .O 1296.0 * 1 1140 141 0. -0 1296.0 
1 0035 8 0. .O 1296.0 * 1 0610 75 0. .O 1296.0 * 1 1145 142 0. .O 1296.0 
1 0040 9 0. .O 1296.0 * 1 0615 76 0. .O 1296.0 * 1 1150 143 0. .O 1296.0 
1 0045 10 0. .O 1296.0 * 1 0620 77 0. .O 1296.0 * 1 1155 144 0. .O 1296.0 
1 0050 11 0. .O 1296.0 * 1 0625 78 0. .O 1296.0 * 1 1200 145 0. -0 1296.0 
1 0055 12 0. .O 1296.0 * 1 0630 79 0. .O 1296.0 * 1 1205 146 0. .O 1296.0 
1 0100 13 1. .O 1296.1* 1 0635 80 0. .O 1296.0 * 1 1210 147 0. -0 1296.0 
1 0105 14 6. .O 1296.6 * 1 0640 81 0. .O 1296.0 * 1 1215 148 0. .O 1296.0 
1 0110 15 11. .1 1297.2 1 0645 82 0. .O 1296.0 * 1 1220 149 0. -0 1296.0 
1 0115 16 13. .2 1297.6 * 1 0650 83 0. .O 1296.0 * 1 1225 150 0. -0 1296.0 
1 0120 17 13. .2 1297.8 * 1 0655 84 0. .O 1296.0 * 1 1230 151 0. .O 1296.0 
1 0125 18 14. .3 1297.9 * 1 0700 85 0. .O 1296.0 * 1 1235 152 0. .O 1296.0 
1 0130 19 14. .3 1297.9 * 1 0705 86 0. .O 1296.0 * 1 1240 153 0. .O 1296.0 
1 0135 20 13. .2 1297.8 * 1 0710 87 0. .O 1296.0 * 1 1245 154 0. -0 1296.0 
1 0140 21 13. .2 1297.6* 1 0715 88 0. .O 1296.0 * 1 1250 155 0. -0 1296.0 
1 0 1 4 5 2 2  12. .1 1297.4* 1 0720 89 0. .O 1296.0 * 1 1255 156 0. .O 1296.0 
1 0 1 5 0 2 3  10. .O 1297.1 * 1 0725 90 0. .O 1296.0 * 1 1300 157 0. -0 1296.0 
1 0 1 5 5 2 4  3. .O 1296.3' 1 0730 91 0. .O 1296.0 * 1 1305 158 0. .O 1296.0 
1 0200 25 1. .O 1296.1 * 1 0735 92 0. .O 1296.0 * 1 1310 159 0. .O 1296.0 
1 0205 26 0. .O 1296.0 * 1 0740 93 0. .O 1296.0 * 1 1315 160 0. .O 1296.0 
1 0 2 1 0 2 7  0. .O 1296.0* 1 0745 94 0. .O 1296.0 * 1 1320 161 0. .O 129q.O 



PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6 -HR 24-HR 72 -HR 16.58-HR 

+ (CFS) (HR) 
(CFS) 

+ 1 4 .  1 .42  2. 1. 1. 1. 
( INCHES) 1 .484  1 .484  1 .484  1 .484  

(AC-FT)  1. 1. 1. 1. 

PEAK STORAGE TIME 

PEAK STAGE T IME 

+ (FEET) (HR) 
1297.92 1 .42  

MAXIMUM AVERAGE STORAGE 
6-HR 24-HR 72 -HR 16.58-HR 

0. 0. 0. 0. 

MAXIMUM AVERAGE STAGE 
6-HR 24-HR 72-HR 16.58-HR 

CUMULATIVE AREA = .O1 SQ M I  

R W T E  HYDROGRAPH SUM150 THRU DET B A S I N  150; 

4 3 2  KO OUTPUT CONTROL VARIABLES 
l PRNT 1 PRINT  CONTROL 
I PLOT 0 PLOT CONTROL 
QSCAL 0. HYDROGRAPH PLOT SCALE 



HYDROGRAPH ROUTING DATA 

433 RS STORAGE ROUTING 
NSTPS 1 NUMBER OF SUBREACHES 

I T Y P  STOR TYPE OF I N I T I A L  CONDITION 
RSVR l C -1.00 I N I T I A L  CONDITION 

X .00 WORKING R AND D COEFFICIENT 

434 SA AREA .o -3 .8 1.3 2.1 3.0 

435 SE ELEVATION 1294.00 1295.00 1296.00 1297.00 1298.00 1299.00 

436 SQ D l  SCHARGE 0. 0. 12. 40. 75. 108. 

COMPUTED STORAGE-ELEVATION DATA 

STORAGE -00 .I0 .62 1.67 3.37 5 -92 
ELEVATION 1294.00 1295.00 1296.00 1297.00 1298.00 1299.00 

HYDROGRAPH AT STATION DET150 

DA MON HRMN OR0 

********* 

OUTFLOW 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
1. 
2. 
4. 
7. 
16. 
40. 
64. 
83. 
94. 
100. 
102. 
101. 
98. 
94. 
90. 
84. 
79. 
72. 
64. 
56. 
49. 
43. 
37. 
31. 
26. 
22. 
18. 
15. 
13. 
11. 
9. 
8. 
7. 
6. 
5. 
4. 
4. 
3. 
3. 
2. 
2. 
2. 

'*********************I 

* 
STORAGE STAGE * DA * 

.O 1294.0 * 1 

.O 1294.0 * 1 
-0 1294.1 * 1 
.O 1294.1 * 1 
.O 1294.2 * 1 
.O 1294.3 * 1 
-0 1294.5 * 1 
.I 1294.7 * 1 
.I 1295.0 * 1 
-1 1295.1 * 1 
.2 1295.2 * 1 
.3 1295.3 * 1 
.4 1295.6 * 1 
-8 1296.2* 1 
1.7 1297.0 * 1 
2.8 1297.7 * 1 
4.0 1298.2 * 1 
4.8 1298.6 * 1 
5.3 1298.8 * 1 
5.5 1298.8 * 1 
5.4 1298.8 * 1 
5.2 1298.7 * 1 
4.9 1298.6 * 1 
4.5 1298.4 * 1 
4.1 1298.3 * 1 
3.7 1298.1 * 1 
3.2 1297.9 * 1 
2.8 1297.7 * 1 
2.5 1297.5 * 1 
2.1 1297.3 * 1 
1.8 1297.1 * 1 
1.6 1296.9 * 1 
1.3 1296.7 * 1 
1.2 1296.5 * 1 
1.0 1296.4 * 1 
-9 1296.2 * 1 
.7 1296.1 * 1 
.7 1296.0 * 1 
.6 1295.9 * 1 
- 5  1295.8 * 1 
-4 1295.7 * 1 
.4 1295.6 * 1 
.4 1295.5 * 1 
.3 1295.4 * 1 
.3 1295.4 * 1 
-3 1295.3 * 1 
.2 1295.3 * 1 
.2 1295.2 * 1 
.2 1295.2 * 1 
.2 1295.2 * 1 
.2 1295.1 * 1 

MON HRMN ORD W T F L O U  STORAGE 

******r***** 

* 
STAGE * DA * 
1295.0 * 1 
1295.0 * 1 
1295.0 * 1 
1295.0 * 1 
1295.0 * 1 
1295.0 * 1 
1295.0 * 1 
1295.0 * 1 
1295.0 * 1 
1295.0 * 1 
1295.0 * 1 
1295.0 * 1 
1295.0 * 1 
1295.0 * 1 
1295.0 * 1 
1295.0 * 1 
1295.0 * 1 
1295.0 * 1 
1295.0 * 1 
1295.0 * 1 
1295.0 * 1 
1295.0 * 1 
1295.0 * 1 
1295.0 * 1 
1295.0 * 1 
1295.0 * 1 
1295.0 * 1 
1295.0 * 1 
1295.0 * 1 
1295.0 * 1 
1295.0 * 1 
1295.0 * 1 
1295.0 * 1 
1295.0 * 1 
1295.0 * 1 
1295.0 * 1 
1295.0 * 1 
1295.0 * 1 
1295.0 * 1 
1295.0 * 1 
1295.0 * 1 
1295.0 * 1 
1295.0 * 1 
1295.0 * 1 
1295.0 * 1 
1295.0 * 1 
1295.0 * 1 
1295.0 * 1 
1295.0 * 1 
1295.0 * 1 
1295.0 * 1 

, MON HRMN OR0 OUTFLOW STORAGE 

k******** 

STAGE 

1295.0 
1295.0 
1295.0 
1295.0 
1295.0 
1295.0 
1295.0 
1295.0 
1295.0 
1295.0 
1295.0 
1295.0 
1295.0 
1295.0 
1295.0 
1295.0 
1295.0 
1295.0 
1295.0 
1295.0 
1295.0 
1295.0 
1295.0 
1295.0 
1295.0 
1295.0 
1295.0 
1295.0 
1295.0 
1295.0 
1295.0 
1295.0 
1295.0 
1295.0 
1295.0 
1295.0 
1295.0 
1295.0 
1295.0 
1295.0 
1295.0 
1295.0 
1295.0 
1295.0 
1295.0 
1295.0 
1295.0 
1295.0 
1295.0 
1295.0 
1295.0 



PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 16.58-HR 

+ (CFS) (HR) 
(CFS) 

+ 102.  1.58 22. 8. 8. 8. 
(INCHES) 1.767 1.747 1.747 1 .747  

(AC-FT) 11. 11. 11. 11. 

PEAK STORAGE TIME 

PEAK STAGE TIME 

MAXIMUM AVERAGE STORAGE 
6- HR 24- HR 7 2 -  HR 16.58-HR 

1. 0. 0. 0. 

MAXIMUM AVERAGE STAGE 
6-HR 24-HR 72-HR 16.58-HR 

+ (FEET) (HR) 
1298.82 1.58 1295.98 1295.33 1295.33 1295 .33  

CUMULATIVE AREA = .12  SP M I  

************** 
* * 

4 5 7  KK * DET175 * ROUTE HYDROGRAPH SUM175 THRU DET BASIN 175; * * 
************** 

4 5 9  KO OUTPUT CONTROL VARIABLES 
IPRNT 1 PRINT CONTROL 
1 PLOT 0 PLOT CONTROL 
QSCAL 0. HYDROGRAPH PLOT SCALE 

HYDROGRAPH ROUTING DATA 

STORAGE ROUTING 
NSTPS 1 NUMBER OF SUBREACHES 

I T Y P  STOR TYPE OF I N I T I A L  CONDITION 
RSVR l C -1.00 I N I T I A L  CONDITION 

X .00 WORKING R AND D COEFFICIENT 

AREA .O .1 .4 -9 1.5 2.1 2.9 

ELEVATION 1288 .00  1289.00 1290.00 1291.00 1292 .00  1293.00 1294.00 

LOW-LEVEL OUTLET 
ELEVL 1288.00 ELEVATION AT CENTER OF OUTLET 
CAREA 3.10 CROSS-SECTIONAL AREA 

COOL - 4 0  COEFFICIENT 
EXPL .50 EXPONENT OF HEAD 

SPILLWAY 
CREL 1293 .00  SPILLWAY CREST ELEVATION 

SPWID 50 .00  SPILLWAY WIDTH 
coaw 2.60 WEIR COEFFICIENT 
EXPW 1.50 EXPONENT OF HEAD 



COMPUTED STORAGE-ELEVATION DATA 

STORAGE .OO .03 .23 .85 2.05 3.86 6.37 
ELEVATION 1288.00 1289.00 1290.00 1291.00 1292.00 1293.00 1294.00 

COMPUTED OUTFLOW-ELEVATION DATA 

OUTFLOW .OO 9.75 10.49 11.35 12.35 13.56 15.03 16.85 19.17 22.24 
ELEVATION 1288.00 1288.96 1289.11 1289.30 1289.54 1289.86 1290.28 1290.87 1291.72 1293.00 

OUTFLOW 22.44 23.52 26.24 31.36 39.61 51.76 68.55 90.76 119.10 154.36 
ELEVATION 1293.01 1293.04 1293.09 1293.17 1293.26 1293.37 1293.49 1293.64 1293.81 1294.00 

COMPUTED STORAGE-OUTFLOW-ELEVATION DATA 

STORAGE .OO -02 .03 .04 -06 -10 -19 .23 .36 .73 
OUTFLOW .OO 9.75 9.94 10.49 11.35 12.35 13.56 14.06 15.03 16.85 

ELEVATION 1288.00 1288.96 1289.00 1289.11 1289.30 1289.54 1289.86 1290.00 1290.28 1290.87 

STORAGE .85 1.64 2.05 3.86 3.88 3.95 4.06 4.22 4.42 4.68 
OUTFLOW 17.22 19.17 19.89 22.24 22.44 23.52 26.24 31.36 39.61 51.76 

ELEVATION 1291.00 1291.72 1292.00 1293.00 1293.01 1293.04 1293.09 1293.17 1293.26 1293.37 

STORAGE 4.99 5.38 5.83 6.37 
OUTFLOW 68.55 90.76 119.10 154.36 

ELEVATION 1293.49 1293.64 1293.81 1294.00 

*** WARNING *** MODIFIED PULS ROUTING NAY BE NUMERICALLY UNSTABLE FOR OUTFLOWS BETWEEN 0. TO 10. 
THE ROUTED HYDROGRAPH SHOULD BE EXAMINED FOR OSCILLATIONS OR OUTFLOWS GREATER THAN PEAK INFLOWS. 
THIS  CAN BE CORRECTED BY DECREASING THE TIME INTERVAL OR INCREASING STORAGE (USE A LONGER REACH.) 

HYDROGRAPH AT STATION DET175 

DA MON HRMN ORD OUTFLOW STORAGE STAGE * DA * 
1288.0 1 
1288.0 * 1 
1288.0 * 1 
1288.1 * 1 
1288.1 * 1 
1288.1 * 1 
1288.1 * 1 
1288.1 * 1 
1288.2 * 1 
1288.2 * 1 
1288.3 * 1 
1288.5 1 
1289.0 * 1 
1289.6 * 1 
1290.3 * 1 
1291.0 * 1 
1291.5 * 1 
1292.1 * 1 
1292.5 * 1 
1292.9 * 1 
1293.2 * 1 
1293.5 * 1 
1293.6 * 1 
1293.7 * 1 
1293.7 * 1 
1293.7 * 1 
1293.7 * 1 
1293.6 * 1 
1293.6 * 1 
1293.6 * 1 
1293.5 * 1 
1293.5 * 1 
1293.4 * 1 
1293.4 * 1 
1293.3 * 1 
1293.3 * 1 
1293.2 * 1 
1293.2 * 1 

MON HRMN ORD OUTFLOW STORAGE STAGE * DA MON HRMN ORD OUTFLOW STORAGE STAGE * 



PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6-HR 2 4  - HR 72-HR 16.58-HR 

+ (CFS) (HR) 
(CFS) 

+ 98.  2 .08 30. 11.  11. 11.  
( INCHES) 1 .725  1 - 7 2 6  1.726 1 .726  

(AC-FT)  15 .  15. 1 5 .  15.  

PEAK STORAGE TIME MAXIMUM AVERAGE STORAGE 
6-HR 2 4  - HR 72-HR 16.58-HR 

+ (AC-FT)  (HR) 
5. 2 .08 3 . 1. 1. 1. 

PEAK STAGE TIME 

+ (FEET) (HR) 
1 2 9 3 . 6 9  2.08 

MAXIMUM AVERAGE STAGE 
6-HR 24-HR 72-HR 16.58-HR 

CUMULATIVE AREA = .16  SQ M I  

ROUTE HYDROGRAPH SUB185 THRU DET B A S I N  1 8 5  

473 KO OUTPUT CONTROL VARIABLES 
IPRNT 1 PRINT  CONTROL 
IPLOT 0 PLOT CONTROL 
QSCAL 0. HYDROGRAPH PLOT SCALE 

HYDROGRAPH ROUTING DATA 

STORAGE ROUTING 
NSTPS 1 NUMBER OF SUBREACHES 

I T Y P  STOR TYPE OF I N I T I A L  CONDITION 
RSVR I C  -1.00 I N I T I A L  CONDITION 

X .OO WORKING R AND D COEFFICIENT 

AREA .O .1 .3 .6  .8 1.1 1.8 

ELEVATION 1 2 9 0 . 0 0  1 2 9 1 . 0 0  1292 .00  1293 .00  1294.00 1295 .00  1 2 9 6 . 0 0  



477 SL LOU-LEVEL OUTLET 
ELEVL 1290.00 ELEVATION AT CENTER OF OUTLET 
CAREA 3.10 CROSS-SECTIONAL AREA 

COQL .40 COEFFlClENT 
EXPL .50 EXPONENT OF HEAD 

478 SS SPILLWAY 
CREL 1295.00 SPILLWAY CREST ELEVATION 

SPWID 30.00 SPILLWAY WIDTH 
COQW 2.60 WEIR COEFFICIENT 
EXPW 1.50 EXPONENT OF HEAD 

COMPUTED STORAGE-ELEVATION DATA 

STORAGE -00 -05 .28 -73 1.38 2.32 3.76 
ELEVATION 1290.00 1291.00 1292.00 1293.00 1294.00 1295.00 1296.00 

COMPUTED OUTFLOW-ELEVATION DATA 

OUTFLOW -00 9.75 10.49 11.35 12.35 13.56 15.03 16.85 19.17 22.24 
ELEVATION 1290.00 1290.96 1291.11 1291.30 1291.54 1291.86 1292.28 1292.87 1293.72 1295.00 

OUTFLOW 22.39 23.12 24.85 28.04 33.13 40.54 50.73 64.14 81.21 102.36 
ELEVATION 1295.01 1295.05 1295.10 1295.17 1295.26 1295.37 1295.50 1295.65 1295.81 1296.00 

COMPUTED STORAGE-WTFLOU-ELEVATION DATA 

STORAGE .OO -04 .05 -06 .10 .15 -24 -28 -39 -66 
OUTFLOW -00 9.75 9.94 10.49 11.35 12.35 13.56 14.06 15.03 16.85 

ELEVATION 1290.00 1290.96 1291.00 1291.11 1291.30 1291.54 1291.86 1292.00 1292.28 1292.87 

STORAGE .73 1.18 1.38 2.32 2.33 2.37 2.43 2.51 2.63 2.77 
OUTFLOW 17.22 19.17 19.89 22.24 22.39 23.12 24.85 28.04 33.13 40.54 

ELEVATION 1293.00 1293.72 1294.00 1295.00 1295.01 1295.05 1295.10 1295.17 1295.26 1295.37 

STORAGE 2.95 3.17 3.44 3.76 
OUTFLOW 50.73 64.14 81.21 102.36 

ELEVATION 1295.50 1295.65 1295.81 1296.00 

HYDROGRAPH AT STATION DET185 

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

DA MON HRMN ORD OUTFLOW STORAGE STAGE * DA MON HRMN ORD * 
1 0000 1 0. .O 1290.0 * 1 0535 68 
1 0005 2 0. .O 1290.0* 1 0540 69 
1 0010 3 0. .O 1290.0* 1 0545 70 
1 0015 4 0. .O 1290.0 * 1 0550 71 
1 0020 5 0. .O 1290.0* 1 0555 72 
1 0025 6 1. .O 1290.1 * 1 0600 73 
1 0030 7 1. .O 1290.1* 1 0605 74 
1 0035 8 1. .O 1290.1 * 1 0610 75 
1 0040 9 1. .O 1290.1 * 1 0615 76 
1 0045 10 2. .O 1290.2 * 1 0620 77 
1 0050 11 2. .O 1290.2 * 1 0625 78 
1 0055 12 3. .O 1290.3* 1 0630 79 
1 0100 13 5. .O 1290.5* 1 0635 80 
1 0105 14 10. .1 1291.1 * 1 0640 81 
1 0110 15 13. -2  1291.6 * 1 0645 82 
1 0 1 1 5 1 6  15. -4  1292.2* 1 0650 83 
1 0120 17 16. .6 1292.7 * 1 0655 84 
1 0125 18 18. .8 1293.1 * 1 0700 85 
1 0130 19 18. 1.0 1293.4 * 1 0705 86 
1 0135 20 19. 1.1 1293.6 * 1 0710 87 
1 0140 21 19. 1.2 1293.7 * 1 0715 88 
1 0145 22 19. 1.2 1293.8* 1 0720 89 
1 0 1 5 0 2 3  19. 1.2 1293.8 * 1 0725 90 
1 0155 24 19. 1.2 1293.7 * 1 0730 91 
1 0200 25 19. 1.1 1293.6* 1 0735 92 
1 0205 26 19. 1.1 1293.5* 1 0740 93 
1 0 2 1 0 2 7  18. 1.0 1293.4* 1 0745 94 
1 0215 28 18. .9 1293.3 * 1 0750 95 
1 0220 29 18. .8 1293.1 * 1 0755 96 

OUTFLOW STORAGE 

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

STAGE * DA MON HRMN ORD OUTFLOW STORAGE STAGE * 
1290.0 * 1 1110 135 0. .O 1290.0 
1290.0 * 1 1115 136 0. .O 1290.0 
1290.0 * 1 1120 137 0. .O  1290.0 
1290.0 * 1 1125 138 0. .O 1290.0 
1290.0* 1 1130139 0. .O 1290.0 
1290.0 * 1 1135 140 0. .o 1290.0 
1290.0 * 1 1140 141 0. .O 1290.0 
1290.0 * 1 1145 142 0. .O 1290.0 
1290.0 * 1 1150 143 0. .O 1290.0 
1290.0 * 1 1155 144 0. .O 1290.0 
1290.0* 1 1200145 0. .O 1290.0 
1290.0 * 1 1205 146 0. .O 1290.0 
1290.0* 1 1210147 0. .O 1290.0 
1290.0 * 1 1215 148 0. .O 1290.0 
1290.0 * 1 1220 149 0. .O 1290.0 
1290.0 * 1 1225 150 0. .O 1290.0 
1290.0 * 1 1230 151 0. .O 1290.0 
1290.0 * 1 1235 152 0. .O 1290.0 
1290.0 * 1 1240 153 0. .O 1290.0 
1290.0 * 1 1245 154 0. .O 1290.0 
1290.0 * 1 1250 155 0. -0  1290.0 
1290.0* 1 1255156 0. .O 1290.0 
1290.0 * 1 1300 157 0. .O 1290.0 
1290.0 * 1 1305 158 0. .O 1290.0 
1290.0 * 1 1310 159 0. .O 1290.0 
1290.0 * 1 1315 160 0. .O 1290.0 
1290.0f 1 1320161 0. .O 1290.0 
1290.0 * 1 1325 162 0. .O 1290.0 
1290.0 * 1 1330 163 0. .O 1290.0 



PEAK FLOU TIME MAXIMUM AVERAGE FLOU 
6-HR 24-HR 72-HR 16.58-HR 

+ (CFS) (HR) 
(CFS) 

+ 19. 1.75 6. 2. 2. 2. 
(INCHES) 1.857 1 - 8 5 7  1.857 1 .857  

(AC-FT) 3. 3. 3. 3. 

PEAK STORAGE TIME MAXIMUM AVERAGE STORAGE 
6-HR 2 4  - HR 72-HR 16.58-HR 

PEAK STAGE TIME MAXIMUM AVERAGE STAGE 
6 -  HR 2 4  - HR 72-HR 16.58-HR 

+ (FEET) (HR) 
1 2 9 3 . 7 6  1.75 1290 .96  1290 .35  1290.35 1290.35 

CUMULATlVE AREA = -03 SQ M I  

************** 
* * 

5 0 7  KK * DET190 * ROUTE HYDROGRAPH SUM190 THRU DET BASIN  190; 
* * 
************** 

5 0 9  KO WTPUT CONTROL VARIABLES 
IPRNT 1 PRINT CONTROL 
IPLOT 0 PLOT CONTROL 
QSCAL 0. HYDROGRAPH PLOT SCALE 

HYDROGRAPH ROUTING DATA 



510 RS STORAGE ROUTING 
NSTPS 1 NUMBER OF SUBREACHES 

ITYP STOR TYPE OF INITIAL CONDITION 
RSVR l C -1.00 INITIAL CONDITION 

X .OO UORKING R AND D COEFFlCIENT 

511 SA AREA .O 1.4 2.3 3.6 5.0 6.6 

512 SE ELEVATION 1281.00 1282.00 1283.00 1284.00 1285.00 1286.00 

513 SO DISCHARGE 0. 13. 38. 58. 72. 92. 

COMPUTED STORAGE-ELEVATION DATA 

STORAGE .00 .46 2.30 5.26 9.57 15.35 
ELEVATION 1281.00 1282.00 1283.00 128h.00 1285.00 1286.00 

HYDROGRAPH AT STATION DETl9O 

DA MON HRMN ORD OUTFLOW 

t******** 

STORAGE 

.o 
-0 
.O 
.o 
.o 
.o 
.o 
.o 
.o 
.1 
.1 
.1 
.2 
.4 
-8  

1.5 
2.3 
3.0 
3.6 
4.1 
4.5 
4.9 
5.4 
5.9 
6.4 
7.0 
7.5 
8.0 
8.4 
8.8 
9.1 
9.3 
9.4 
9.5 
9.6 
9.6 
9.5 
9.5 
9.3 
9.1 
8.8 
8.6 
8.3 
8.0 
7.7 
7.4 
7.2 
6.9 
6.6 
6.3 
6.1 
5.8 
5.6 

r**************************i 

* 
STAGE * DA MON HRMN ORD 

* 
1281 .O * 1 0535 68 
1281 .O * 1 0540 69 
1281 .O * 1 0545 70 
1281.0 * 1 0550 71 
1281.0 * 1 0555 72 
1281.0* 1 0600 73 
1281.0 * 1 0605 74 
1281.1 * 1 0610 75 
1281.1* 1 0615 76 
1281.1* 1 0620 77 
1281.2* 1 0625 78 
1281.2* 1 0630 79 
1281 -4 * 1 0635 80 
1281.8 * 1 0640 81 
1282.2 * 1 0645 82 
1282.6 * 1 0650 83 
1283.0 * 1 0655 84 
1283.2* 1 0700 85 
1283.4* 1 0705 86 
1283.6 1 0710 87 
1283.7 * 1 0715 88 
1283.9 1 0720 89 
1284.0 * 1 0725 90 
1284.1* 1 0730 91 
1284.3 * 1 0735 92 
1284.4 * 1 0740 93 
1284.5 * 1 0745 94 
1284.6* 1 0750 95 
1284.7 1 0755 96 
1284.8 * 1 0800 97 
1284.9 * 1 0805 98 
1284.9 * 1 0810 99 
1285.0 * 1 0815 100 
1285.0* 1 0820101 
1285.0 * 1 0825 102 
1285.0* 1 0830103 
1285.0 * 1 0835 104 
1285.0* 1 0840105 
1284.9 * 1 0845 106 
1284.9* 1 0850107 
1284.8* 1 0855108 
7284.8 * 1 0900 109 
1284.7 * 1 0905 110 
1284.6 * 1 0910 111 
1284.6 * 1 0915 112 
1284.5 * 1 0920 113 
1284.4 * 1 0925 114 
1284.4 * I 0930 115 
1284.3* 1 0935116 
1284.3* 1 0940117 
1284.2 * 1 0945 118 
1284.1 * 1 0950 119 
1284.1 * 1 0955 120 

)******** 

OUTFLOW 

40. 
39. 
38. 
36. 
34. 
32. 
31. 
30. 
28. 
27. 
25. 
24. 
22. 
20. 
18. 
17. 
15. 
14. 
13. 
11. 
9. 
7. 
6. 
5. 
4. 
3. 
3. 
2. 
2. 
2. 
1. 
1. 
1. 
1. 
1. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

,********* 

STORAGE 

2.6 
2.4 
2.3 
2.1 
2.0 
1.9 
1.8 
1.7 
1.6 
1.5 
1.4 
1.2 
1.1 
1.0 

.9 

.7 
-6  
-5 
.5 
.4 
.3 
.3 
.2 
.2 
.1 
.I 
.1 
.1 
.1 
.1 
.o 
.o 
.o 
.o 
-0 
.o 
.o 
.O 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.O 
.o 
.O 
.O 
.o 
.O 
.O 
.o 

r************************** 

* 
STAGE * DA MON HRMN ORD * 

1283.1 * 1 1110 135 
1283.0 * 1 1115 136 
1283.0 * 1 1120 137 
1282.9* 1 1125138 
1282.8 * 1 1130 139 
1282.8 * 1 1135 140 
1282.7 * 1 1140 141 
1282.7 * 1 1145 142 
1282.6 * 1 1150 143 
1282.6 * 1 1155 144 
1282.5 * 1 1200 145 
1282.4 * 1 1205 146 
1282.4 * 1 1210 147 
1282.3 * 1 1215 148 
1282.2 * 1 1220 149 
1282.2* 1 1225150 
1282.1 * 1 1230 151 
1282.0 * 1 1235 152 
1282.0 * 1 1240 153 
1281.8 * 1 1245 154 
1281.7 * 1 1250 155 
1281.6 * 1 1255 156 
1281.5 * 1 1300 157 
1281.4 * 1 1305 158 
1281.3 * 1 1310 159 
1281.3 * 1 1315 160 
1281.2 * 1 1320 161 
1281.2 * 1 1325 162 
1281.1 * 1 1330 163 
1281.1 * 1 1335 164 
1281.1 * 1 1340 165 
1281.1 * I 1345 166 
1281.1 * 1 1350 167 
1281.1 * 1 1355 168 
1281.0 * 1 1400 169 
1281.0* 1 1405170 
1281.0 * 1 1410 171 
1281.0 * 1 1415 172 
1281 .O * 1 1420 173 
1281.0 * 1 1425 174 
1281.0 * 1 1430 175 
1281.0 * 1 1435 176 
1281.0 * 1 1440 177 
1281.0 * 1 1445 178 
1281.0 * 1 1450 179 
1281.0 * 1 1455 180 
1281.0 * 1 1500 181 
1281.0 * 1 1505 182 
1281.0 * 1 1510 183 
1281.0 * 1 1515 184 
1281.0 * 1 1520 185 
1281.0 * 1 1525 186 
1281.0 * 1 1530 187 

'********* 

OUTFLOW 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

'********* 

STORAGE 

.O 

.o 

.O 

.O 

.o 

.O 

.O 

.o 
-0 
.D 
.O 
.O 
-0 
.O 
-0 
.o 
.o 
.o 
.o 
.O 
.O 
-0 
-0 
-0 
.o 
.O 
.O 
.O 
-0 
.o 
-0 
-0 
-0 
.o 
-0 
.o 
.o 
-0 
.O 
- 0  
.O 
-0 
.o 
.o 
.O 
-0 
-0 
.o 
-0 
.O 
-0 
.o 
.o 

STAGE 



PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 16.58-HR 

+ (CFS) (HR) 
(CFS) 

+ 72. 2.92 50. 18. 18. 18. 
(INCHES) 1.616 1.655. 1.655 1.655 

(AC-FT) 25. 25. 25. 25. 

PEAK STORAGE TIME 

+ (AC-FT) (HR) 
10. 2.92 

MAXIMUM AVERAGE STORAGE 
6- HR 24-HR 72-HR 16.58-HR 

PEAK STAGE TIME MAXIMUM AVERAGE STAGE 
6-HR 24-HR 72-HR 16.58-HR 

+ (FEET) (HR) 
1285.00 2.92 1283.70 1282.01 1282.01 1282.01 

CUMULATIVE AREA = .29 SQ M I  

**a*********** 
n * 

525 KK * DET2OO * ROUTE HYDROGRAPH SUM200 THRU DET BASIN 200; 
* * 
************** 

527 KO OUTPUT CONTROL VARIABLES 
IPRNT 1 PRINT CONTROL 
IPLOT 0 PLOT CONTROL 
QSCAL 0. HYDROGRAPH PLOT SCALE 

HYDROGRAPH ROUTING DATA 

STORAGE ROUTING 
NSTPS 1 NUMBER OF SUBREACHES 

ITYP STOR TYPE OF INITIAL CONDITION 
RSVR I C -1.00 INITIAL CONDITION 

X .OO WORKING R AND D COEFFICIENT 

AREA .O .I .8 2.2 3.1 4.0 4.6 

ELEVATION 1273.00 1274.00 1275.00 1276.00 1277.00 1278.00 1279.00 

LOW-LEVEL OUTLET 
ELEVL 1273.00 
CAREA 6.20 

COOL -40 
EXPL .50 

SPILLWAY 
CREL 1278.00 

SPUlD 70.00 
COQW 2.60 
EXPW 1.50 

ELEVATION AT CENTER OF OUTLET 
CROSS-SECTIONAL AREA 
COEFFICIENT 
EXPONENT OF HEAD 

SPILLWAY CREST ELEVATION 
SPILLWAY UIOTH 
WEIR COEFFICIENT 
EXPONENT OF HEAD 



COMPUTED STORAGE-ELEVATION DATA 

STORAGE -00 .02 -38 1.81 4.45 7.96 12.24 
ELEVATION 1273.00 1274.00 1275 -00 1276.00 1277.00 1278.00 1279.00 

COMPUTED OUTFLOW-ELEVATION DATA 

OUTFLOW -00 22.99 24.46 26.14 28.07 30.31 32.93 36.05 39.82 44.47 
ELEVATION 1273.00 1274.34 1274.51 1274.73 1274.99 1275.32 1275.74 1276.29 1277.01 1278.00 

OUTFLOW 44.81 46.44 50.40 57.74 69.48 86.70 110.37 141.59 181.37 230.72 
ELEVATION 1278.01 1278.05 1278.10 1278.17 1278.26 1278.37 1278.50 1278.65 1278.81 1279.00 

COMPUTED STORAGE-WTFLOW-ELEVATION DATA 

STORAGE -00 .02 .07 .12 .21 -37 .69 1.30 1.81 2.47 
OUTFLOW -00 19.89 22.99 24.46 26.14 28.07 30.31 32.93 34.45 36.05 

ELEVATION 1273.00 1274.00 1274.34 1274.51 1274.73 1274.99 1275.32 1275.74 1276.00 1276.29 

STORAGE 4.45 7.96 8.01 8.14 8.35 8.64 9.01 9.46 10.01 10.65 
OUTFLOW 39.78 44.47 44.81 46.44 50.40 57.74 69.48 86.70 110.37 141.59 

ELEVATION 1277.00 1278.00 1278.01 1278.05 1278.10 1278.17 1278.26 1278.37 1278.50 1278.65 

STORAGE 11.39 12.24 
OUTFLOW 181.37 230.72 

ELEVATION 1278.81 1279.00 

*** WARNING *** MODIFIED PULS RWTING MAY BE NUMERICALLY UNSTABLE FOR OUTFLOWS BETWEEN 0. TO 20. 
THE ROUTED HYDROGRAPH SHOULD BE EXAMINED FOR OSCILLATIONS OR OUTFLOWS GREATER THAN PEAK INFLOWS. 
THIS CAN BE CORRECTED BY DECREASING THE TIME INTERVAL OR INCREASING STORAGE (USE A LONGER REACH.) 

HYDROGRAPH AT STATION DET2OO 

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

DA MON HRMN ORD OUTFLOW STORAGE STAGE * DA MON HRMN ORD OUTFLOW STORAGE STAGE * DA MON HRMN ORD WTFLOtS STORAGE STAGE * * 
1 0000 1 0. .O 1273.0 * 1 0535 68 47. 8.2 1278.1 * 1 1110 135 0. .O 1273.0 
1 0005 2 0. -0  1273.0 * 1 0540 69 46. 8.1 1278.0 * 1 1115 136 0. .o 1273.0 
1 0010 3 0. .O 1273.0 * 1 0545 70 46. 8.1 1278.0 * 1 1120 137 0. .o 1273.0 
1 0015 4 1. .O 1273.0* 1 0550 71 45. 8.0 1278.0 * 1 1125 138 0. .O 1273.0 
1 0020 5 1. . 0 1 2 7 3 . 1 * 1  0 5 5 5 7 2  44. 7.9 1278.0 * 1 1130 139 0. .O 1273.0 
1 0025 6 1. .O 1273.1* 1 0600 73 44. 7.9 1278.0* 1 1135140 0. .o 1273.0 
1 0030 7 2. .O 1273.1 * 1 0605 74 44. 7.8 1277.9* 1 1140141 0. .o 1273.0 
1 0035 8 2. .O 1273.1 * 1 0610 75 44. 7.7 1277.9 * 1 1145 142 0. .o 1273.0 
1 0040 9 3. .O 1273.2 * 1 0615 76 44. 7.6 1277.9 * 1 1150 143 0. .O 1273.0 
1 0045 10 5. .O 1273.2 * 1 0620 77 44. 7.5 1277.9* 1 1155144 0. -0 1273.0 
1 0050 11 7. .O 1273.4 * 1 0625 78 44. 7.3 1277.8 * 1 1200 145 0. .o 1273.0 
1 0055 12 10. .O 1273.5* 1 0630 79 43. 7.2 1277.8 * 1 1205 146 0. .O 1273.0 
1 0100 13 16. -0  1273.8 * 1 0635 80 43. 7.1 1277.7 * 1 1210 147 0. -0  1273.0 
1 0105 14 23. .1 1274.4 * 1 0640 81 43. 6.9 1277.7 * 1 1215 148 0. .O 1273.0 
1 0110 15 28. .4 1275.0 * 1 0645 82 43. 6.8 1277.7 * 1 1220 149 0. .o 1273.0 
1 0115 16 31. 1.0 1275.5* 1 0650 83 43. 6.6 1277.6 * 1 1225 150 0. .O 1273.0 
1 0120 17 34. 1.7 1276.0 * 1 0655 84 42. 6.4 1277.6 * 1 1230 151 0. .o 1273.0 
1 0125 18 36. 2.6 1276.3 * 1 0700 85 42. 6.2 1277.5 * 1 1235 152 0. .o 1273.0 
1 0130 19 38. 3.3 1276.6 * 1 0705 86 42. 6.0 1277.4 * 1 1240 153 0. .O 1273.0 
1 0135 20 39. 3.9 1276.8 * 1 0710 87 42. 5.8 1277.4 * 1 1245 154 0. -0 1273.0 
1 0140 21 40. 4.4 1277.0* 1 0715 88 41. 5.6 1277.3 * 1 1250 155 0. .o 1273.0 
1 0145 22 40. 4.8 1277.1 * 1 0720 89 41. 5.4 1277.3 * 1 1255 156 0. -0 1273.0 
1 0150 23 41. 5.1 1277.2* 1 0725 90 41. 5.1 1277.2 * 1 1300 157 0. .O 1273.0 
1 0155 24 41. 5.4 1277.3 * 1 0730 91 40. 4.9 1277.1 * 1 1305 158 0. .o 1273.0 
1 0200 25 41. 5.7 1277.4 * 1 0735 92 40. 4.6 1277.1 * 1 1310 159 0. .O 1273.0 
1 0205 26 42. 5.9 1277.4 * 1 0740 93 40. 4.4 1277.0* 1 1315160 0. -0  1273.0 



PEAK FLOW T IME MAXIMUM AVERAGE FLOW 
6 -HR 24-HR 72-HR 16.58-HR 

+ (CFS) (HR) 
(CFS) . . 

t 6 5 .  3 .75 5 0 .  23. 23. 2 3 .  
( INCHES) 1 .533  1.945 1.945 1.945 

(AC-FT)  25 .  31. 31. 31. 

PEAK STORAGE T I M E  

+ (AC-FT) (HR) 
9. 3.75 

MAXIMUM AVERAGE STORAGE 
6- HR 24-HR 72-HR 16.58-HR 

PEAK STAGE T IME MAXIMUM AVERAGE STAGE 
6- HR 24-HR 72-HR 16.58-HR 

+ (FEET) (HR) 
1278 .22  3.75 1277 .86  1275 .17  1 2 7 5 . 1 7  1275 .17  

CUMULATIVE AREA = - 3 0  SQ M I  

ROUTE HYDROGRAPH SUM125 THRU DET B A S I N  125; 

5 3 8  KO OUTPUT CONTROL VARIABLES 
IPRNT 1 PRINT  CONTROL 
I PLOT 0 PLOT CONTROL 
QSCAL 0. HYDROGRAPH PLOT SCALE 

HYDROGRAPH ROUTING DATA 

STORAGE ROUT1 NG 
NSTPS 1 NUMBER OF SUBREACHES 

I T Y P  STOR TYPE OF I N I T I A L  CONb lT ION 
RSVRI  C -1.00 I N I T I A L  CONDITION 

X - 0 0  WORKING R AND 0 COEFFICIENT 

AREA .O - 2  .5 .9 1.0 1.4 1.7 2.3 

ELEVATION 1269 .00  1270.00 1 2 7 1 . 0 0  1272 .00  1273 .00  1274.00 1 2 7 5 . 0 0  1276 .00  

LOW-LEVEL OUTLET 



ELEVL 
CAREA 

COP L 
EXPL 

SPILLWAY 
CREL 

SPUlD 
COQW 
EXPW 

1269.00 ELEVATION AT CENTER OF OUTLET 
6.20 CROSS-SECTIONAL AREA 

.40 COEFFICIENT 
-50 EXPONENT OF HEAD 

1273.50 SPILLWAY CREST ELEVATION 
60.00 SPILLWAY WIDTH 

2.60 UElR COEFFICIENT 
1.50 EXPONENT OF HEAD 

COMPUTED STORAGE-ELEVATION DATA 

STORAGE -00 .05 -37 1.05 2.00 3.22 4.75 6.75 
ELEVATION 1269.00 1270.00 1271.00 1272.00 1273.00 1274.00 1275.00 1276.00 

COMPUTED WTFLOW-ELEVATION DATA ~ 
I 

OUTFLOW -00 22.91 24.30 25.87 27.65 29.70 32.07 34.86 38.18 42.19 
ELEVATION 1269.00 1270.33 1270.49 1270.69 1270.93 1271.23 1271.60 1272.07 1272.68 1273.50 

OUTFLOW 43.19 48.43 61.47 85.86 125.15 182.89 262.60 367.88 502.28 669.27 
ELEVATION 1273.53 1273.61 1273.74 1273.92 1274.14 1274.42 1274.74 1275.11 1275.53 1276.00 

COMPUTEO STORAGE-OUTFLOW-ELEVATION DATA I 
STORAGE -00 .05 -12 .17 -23 .34 -37 -50 .74 1.05 
OUT F LOU .OO 19.89 22.91 24.30 25.87 27.65 28.13 29.70 32.07 34.45 

ELEVATION 1269.00 1270.00 1270.33 1270.49 1270.69 1270.93 1271.00 1271.23 1271.60 1272.00 

STORAGE 1.11 1.68 2.00 2.57 2.61 2.70 2.87 3.10 3.22 3.42 
OUTFLOW 34.86 38.18 39.78 42.19 43.19 48.43 61.47 85.86 99.63 125.15 

ELEVATION 1272.07 1272.68 1273.00 1273.50 1273.53 1273.61 1273.74 1273.92 1274.00 1274.14 

STORAGE 3.82 4.32 4.75 4.94 5.73 6.75 
OUTFLOW 182.89 262.60 335.31 367.88 502.28 669.27 

ELEVATION 1274.42 1274.74 1275.00 1275.11 1275.53 1276.00 

*** WARNING *** MODIFIED PULS ROUTING MAY BE NUMERICALLY UNSTABLE FOR WTFLOWS BETWEEN 0. TO 20. 
THE ROUTED HYDROGRAPH SHWLD BE EXAMINED FOR OSCILLATIONS OR OUTFLOWS GREATER THAN PEAK INFLOWS. 
THIS CAN BE CORRECTED BY DECREASING THE TIME INTERVAL OR INCREASING STORAGE (USE A LONGER REACH.) 

HYOROGRAPH AT STATION DET125 

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

DA MON HRMN ORD OUTFLOW STORAGE STAGE * DA MON HRMN ORD OUTFLOW STORAGE STAGE * DA MON HRMN ORD OUTFLOW STORAGE STAGE 
* * 

1 0000 1 0. .O 1269.0 * 1 0535 68 49. 2.7 1273.6 * 1 1110 135 0. -0  1269.0 
1 0005 2 0. .O 1269.0 * 1 0540 69 48. 2.7 1273.6 * 1 1115 136 0. -0 1269.0 
1 0010 3 1. .O 1269.0 * 1 0545 70 47. 2.7 1273.6 * 1 1120 137 0. -0  1269.0 
1 0015 4 2. .O 1269.1 * 1 0550 71 47. 2.7 1273.6 * 1 1125 138 0. .O 1269.0 
1 0020 5 2. .O 1269.1 * 1 0555 72 46. 2.7 1273.6 * 1 1130 139 0. -0  1269.0 



PEAK FLOW 

+ (CFS) 

+ 258. 

PEAK STORAGE 

+ (AC-FT) 
4. 

PEAK STAGE 

t (FEET) 
1274 .72  

TIME 

TIME 

(CFS) 
69. 

(INCHES) 1.351 
(AC-FT) 34 .  

6- HR 

1273.75 

CUMULATIVE AREA = 

MAXIMUM AVERAGE FLOW 
24-HR 72-HR 

MAXIMUM AVERAGE STORAGE 
24-HR 72-HR 

MAXIMUM AVERAGE STAGE 
24-HR 72-HR 

************** 
* 

5 5 3  KK * DETlOO * ROUTE HYDROGRAPH SUM100 THRU DET BASIN  100; * * 
************** 

5 5 5  KO OUTPUT CONTROL VARIABLES 
IPRNT 1 PRINT CONTROL 
I PLOT 0 PLOT CONTROL 
PSCAL 0. HYDROGRAPH PLOT SCALE 



HYDROGRAPH ROUTING DATA 

556 RS STORAGE ROUTING 
NSTPS 1 NUMBER OF SUBREACHES 

ITYP STOR TYPE OF I N I T i A L  CONDITION 
RSVRIC -1.00 I N I T I A L  CONDITION 

X .00 WORKING R AND D COEFFICIENT 

557 SA AREA .O - 2  1.1 2.0 2.8 3.5 4.1 

558 SE ELEVATION 1268.00 1269.00 1270.00 1271.00 1272.00 1273.00 1274.00 

559 SO DISCHARGE 0. 130. 330. 620. 970. 1360. 1650. 

COMPUTED STORAGE-ELEVATION DATA 

STORAGE .OO -08 .72 2.29 4.69 7.82 11.58 
ELEVATION 1268.00 1269.00 1270.00 1271.00 1272.00 1273.00 1274.00 

*** WARNING *** MODIFIED PULS ROUTING MAY BE NUMERICALLY UNSTABLE FOR OUTFLOWS BETWEEN 0. TO 330. 
THE ROUTED HYDROGRAPH SHOULD BE EXAMINED FOR OSCILLATIONS OR OUTFLOWS GREATER THAN PEAK INFLOWS. 
T H I S  CAN BE CORRECTED BY DECREASING THE TIME INTERVAL OR INCREASING STORAGE (USE A LONGER REACH.) 

HYDROGRAPH AT STATION DETlOO 

DA MON HRMN ORD OUTFLOW STORAGE 

t************************************************************************************************ 

* * 
STAGE * DA MON HRMN ORD OUTFLOW STORAGE STAGE * DA MON HRMN ORD OUTFLOW STORAGE STAGE * * 

1268.0 * 1 0535 68 56. .O 1268.4 * 1 1110 135 0. -0 1268.0 
1268.0 * 1 0540 69 54. .O 1268.4 * 1 1115 136 0. -0 1268.0 
1268.0 * 1 0545 70 53. .O 1268.4 * 1 1120 137 0. -0 1268.0 
1268.0 * 1 0550 71 51. .O 1268.4 * 1 1125 138 0. .O 1268.0 
1268.0 * 1 0555 72 50. .O 1268.4 * 1 1130 139 0. -0  1268.0 
1268.0* 1 0600 73 49. .O 1268.4 * 1 1135 140 0. .O 1268.0 
1268.0 * 1 0605 74 48. .O 1268.4 * 1 1140 141 0. .O 1268.0 
1268.1* 1 0610 75 47. .O 1268.4 * 1 1145 142 0. 
1268.1* 1 0615 76 46. .O 1268.4 * 1 1150 143 0. -0  1268.0 
1268.1 * 1 0620 77 46. .O 1268.4 * 1 1155 144 0. .O 1268-0 a 

.O 1268.0 
1268.2 * 1 0625 78 45. .O 1268.3 * 1 1200 145 0. -0  1268.0 
1268.3 * 1 0630 79 45. .O 1268.3 * 1 1205 146 0. .O 1268.0 
1268.4 * 1 0635 80 45. .O 1268.3 * 1 1210 147 0. -0  1268.0 
1268.7 * 1 0640 81 44. .O 1268.3 * 1 1215 148 0. .O 1268.0 
1269.2 * 1 0645 82 44. .O 1268.3 * 1 1220 149 0. .O 1268.0 
1269.6 * 1 0650 83 44. .O 1268.3 * 1 1225 150 0. .O 1268.0 
1270.3 * 1 0655 84 43. .O 1268.3 * 1 1230 151 0. .O 1268.0 
1270.9 * 1 0700 85 43. .O 1268.3 * 1 1235 152 0. -0 1268.0 
1271.2* 1 0705 86 43. .O 1268.3 * 1 1240 153 0. .O 1268.0 
1271.5* 1 0710 87 43. .O 1268.3 * 1 1245 154 0. .O 1268.0 
1271.8* 1 0715 88 43. .O 1268.3 * 1 1250 155 0. .O 1268.0 
1272.1 * 1 0720 89 42. .O 1268.3 * 1 1255 156 0. .O 1268.0 
1272.4* 1 0725 90 42. .O 1268.3 * 1 1300 157 0. -0 1268.0 
1272.7* 1 0730 91 42. .O 1268.3 * 1 1305 158 0. -0 1268.0 
1272.8 * 1 0735 92 42. -0  1268.3 * 1 1310 159 0. -0 1268.0 
1272.8 * 1 0740 93 42. .O 1268.3 * 1 1315 160 0. -0  1268.0 
1272.7 * 1 0745 94 42. .O 1268.3 * 1 1320 161 0. -0  1268.0 
1272.4* 1 0750 95 42. .O 1268.3 * 1 1325 162 0. .O 1268.0 
1272.1 * 1 0755 96 42. .O 1268.3 * 1 1330 163 0. .O 1268.0 
1271.8* 1 0800 97 42. .O 1268.3 * 1 1335 164 0. .O 1268.0 
1271.5* 1 0805 98 42. .O 1268.3 * 1 1340 165 0. .O 1268.0 
1271.2 * 1 0810 99 41. -0 1268.3 * 1 1345 166 0. - 0  1268.0 
1270.9 * 1 0815 100 41. .O 1268.3 * 1 1350 167 0. -0  1268.0 
1270.6 * 1 0820 101 41. .O 1268.3 * 1 1355 168 0. -0  1268.0 
1270.4 * 1 0825 102 41. .O 1268.3 * 1 1400 169 0. .O 1268.0 
1270.2 * 1 0830 103 41. .O 1268.3 * 1 1405 170 0. -0  1268.0 
1270.1 * 1 0835 104 41. .O 1268.3 * 1 1410 171 0. .O 1268.0 
1269.9 * 1 0840 105 40. .O 1268.3 * 1 1415 172 0. -0  1268.0 
1269.8 * 1 0845 106 40. .O 1268.3 * 1 1420 173 0. .O 1268.0 
1269.6 * 1 0850 107 40. .O 1268.3 * 1 1425 174 0. .O 1268.0 
1269.6 1 0855 108 40. .O 1268.3 * 1 1430 175 0. -0  1268.0 
1269.5* 1 0900109 39. .O 1268.3 * 1 1435 176 0. .O 1268.0 
1269.4* 1 0905110 39. .O 1268.3 * 1 1440 177 0. .O 1268.0 



PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR R - H R  16.58-HR 

+ (CFS) (HR) 
(CFS) 

+ 1297. 2.08 317. 122. 122. 122. 
(INCHES) 1.447 1.543 1.543 1.543 

(AC-FT) 157. 168. 168. 168. 

PEAK STORAGE TIME 

PEAK STAGE TIME 

+ (FEET) (HR)  
1272.84 2.08 

MAXIMUM AVERAGE STORAGE 
6-HR 24-HR 72-HR 16.58-HR 

MAXIMUM AVERAGE STAGE 
6-HR 24-HR 72-HR 16.58-HR 

CUMULATIVE AREA = 2.04 SQ M I  

************** 
* * 

594 KK * DET220 * ROUTE HYDROGRAPH SUM220 THRU DET BASIN 220; 
* * 
************** 

596 KO OUTPUT CONTROL VARIABLES 
I PRNT 1 PRINT CONTROL 
I PLOT 0 PLOT CONTROL 
PSCAL 0. HYDROGRAPH PLOT SCALE 

HYDROGRAPH ROUTING DATA 

STORAGE ROUTING 
NSTPS 1 NUMBER OF SUBREACHES 

ITYP STOR TYPE OF INITIAL CONDITION 
RSVR l C -1.00 INITIAL CONDITION 

X .OO WORKING R AND D COEFFICIENT 

AREA -0  3.7 4.8 5 -9 6.7 7.4 8.3 

ELEVATION 1265.00 1266.00 1267.00 1268.00 1269.00 1270.00 1271.00 

DISCHARGE 0. 130. 330. 620. 970. 1360. 1650. 

COMPUTED STORAGE-ELEVATION DATA 

STORAGE .OO 1.24 5.46 10.78 17.08 24.10 31.94 
ELEVATION 1265.00 1266.00 1267.00 1268.00 1269.00 1270.00 1271.00 





PEAK STORAGE 

+ (AC-FT) 
21. 

PEAK STAGE 

+ (FEET) 
1269.55 

6-HR 
(HR)  

(CFS) 
2.25 329. 

(INCHES) 1.451 
(AC-FT) 163. 

TIME 
6-HR 

(HR) 
2.25 5. 

TIME 
6-HR 

(HR) 
2.25 1266.65 

CUMULATIVE AREA = 

MAXIMUM AVERAGE STORAGE 
24-HR 72- HR 

MAXIMUM AVERAGE STAGE 
24-HR 72-HR 

ROUTE HYDROGRAPH SUB235 THRU DET BASIN 235; 

616 KO OUTPUT CONTROL VARIABLES 
IPRNT 1 PRINT CONTROL 
IPLOT 0 PLOT CONTROL 
QSCAL 0. HYDROGRAPH PLOT SCALE 

HYDROGRAPH ROUTING DATA 

STORAGE ROUTING 
NSTPS 1 NUMBER OF SUBREACHES 

ITYP STOR TYPE OF INITIAL CONDITlON 
RSVRIC -1.00 INITIAL CONDITION 

X .OO WORKING R AND D COEFFICIENT 

AREA .o -3 .7 .9 1.2 

ELEVATION 1292.00 1293.00 1294.00 1295.00 1296.00 

LOW-LEVEL OUTLET 
ELEVL 1292.00 ELEVATION AT CENTER OF OUTLET 
CAREA .80 CROSS-SECTIONAL AREA 
COOL -40 COEFFlCIENT 
EXPL .SO EXPONENT OF HEAD 

SPILLWAY 
CREL 1294.50 SPILLWAY CREST ELEVATION 

SPWlD 80.00 SPILLWAY WIDTH 
COPU 2.60 WEIR COEFFICIENT 
EXPU 1.50 EXPONENT OF HEAD 

COMPUTED STORAGE-ELEVATION DATA 

STORAGE -00 .09 .56 1.37 2.41 
ELEVATION 1292.00 1293.00 1294.00 1295.00 1296.00 

COMPUTED OUTFLOU-ELEVATION DATA 

OUTFLOW .OO 1.79 1.93 2.08 2.27 2.49 2.75 3.08 3.50 4.06 
ELEVATION 1292.00 1292.49 1292.56 1292.66 1292.78 1292.94 1293.15 1293.44 1293.86 1294.50 

OUTFLOW 4.48 7.24 14.64 28.95 52.42 87.36 136.04 200.74 283.71 387.25 
ELEVATION 1294.52 1294.56 1294.64 1294.74 1294.88 1295.04 1295.24 1295.46 1295.72 1296.00 

COMPUTED STORAGE-OUTFLOW-ELEVATION DATA 

STORAGE 
WTFLOW 





PEAKFLOW TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 16.58-HR 

+ (CFS) (HR) 
(CFS) 

+ 3. 1.75 1. 0. 0. 0. 
(INCHES) 1.482 1.482 1.482 1.482 

(AC- FT) 1. 1. 1. 1. 

PEAK STORAGE TIME 

+ (AC-FT) (HR) 
0. 1.75 

PEAK STAGE TIME 

+ (FEET) (HR) 
1293.54 1.75 

MAXIMUM AVERAGE STORAGE 
6-HR 24-HR 72-HR 16.58-HR 

MAXIMUM AVERAGE STAGE 
6- HR 24-HR 72-HR 16.58-HR 

CUMULATIVE AREA = - 0 1  SQ M I  

************** 
* * 

6 3 7  KK * DET245 * R W T E  HYDROGRAPH SUM245 THRU DET BASIN 245; * * 
************** 

6 3 9  KO WTPUT CONTROL VARIABLES 
IPRNT 1 PRINT CONTROL 
IPLOT 0 PLOT CONTROL 
QSCAL 0. HYDROGRAPH PLOT SCALE 

HYDROGRAPH ROUTING DATA 

STORAGE ROUTING 
NSTPS 1 NUMBER OF SUBREACHES 

I T Y P  STOR TYPE OF I N I T I A L  CONDITION 
RSVR l C -1.00 I N I T I A L  CONDITION 

X .OO WORKING R AND D COEFFICIENT 

AREA .O .4 - 8  1.0 1.2 2.0 3.0 

ELEVATION 1289.00 1290 .00  1291.00 1292.00 1293.00 1294.00 1295.00 

LOW-LEVEL OUTLET 
ELEVL 1289.00 ELEVATION AT CENTER OF OUTLET 
CAREA 6.20 CROSS-SECTIONAL AREA 

COQL - 4 0  COEFFICIENT 
EXPL .50 EXPONENT OF HEAD 

SPlLLWAY 
CREL 1292.00 SPILLWAY CREST ELEVATION 

SPWID 50.00 SPILLWAY WIDTH 
COQU 2.60 WEIR COEFFICIENT 
EXPW 1.50 EXPONENT OF HEAD 

COMPUTED STORAGE-ELEVATION DATA 

STORAGE . 0 0  .12 . 6 8  1.56 2.66 4 .26  6.78 
ELEVATION 1289.00 1290.00 1291.00 1292.00 1293.00 1294 .00  1295.00 



COMPUTEO OUTFLOW-ELEVATION OATA 

OUTFLOW .OO 22.61 23.62 24.73 25.95 27.30 28.79 30.46 32.33 34.45 
ELEVATION 1289.00 1290.29 1290.41 1290.55 1290.70 1290.88 1291.10 1291.35 1291.64 1292.00 

OUTFLOW 35.71 41.81 56.59 83.86 127.47 191.22 278.94 394.49 541.63 724.22 
ELEVATION 1292.04 1292.14 1292.29 1292.50 1292.78 1293.10 1293.49 1293.94 1294.44 1295.00 

COMPUTEO STORAGE-OUTFLOU-ELEVATION OATA 

STORAGE -00 .12 - 24 -30 .37 -47 .59 .68 -75 .96 
OUTFLOW .OO 19.89 22.61 23.62 24.73 25.95 27.30 28.13 28.79 30.46 

ELEVATION 1289.00 1290.00 1290.29 1290.41 1290.55 1290.70 1290.88 1291.00 1291.10 1291.35 

STORAGE 1.22 1.56 1.60 1.70 1.86 2.09 2.40 2.66 2.79 3.34 
OUTFLOW 32.33 34.45 35.71 41.81 56.59 83.86 127.47 169.78 191.22 278.94 

ELEVATION 1291.64 1292.00 1292.04 1292.14 1292.29 1292.50 1292.78 1293.00 1293.10 1293.49 

STORAGE 4.13 4.26 5.24 6.78 -~ - 

OUTFLOW 394.49 412.17 541.63 724.22 
ELEVATION 1293.94 1294.00 1294.44 1295.00 

HYDROGRAPH AT STATION OET245 

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

DA MON HRMN ORD OUTFLOW STORAGE STAGE * OA MON HRMN ORD OUTFLOW STORAGE STAGE * OA MON HRMN OR0 OUTFLOW STORAGE STAGE * * 
1 0000 1 0. -0  1289.0 * 1 0535 68 0. .O 1289.0 * 1 1110 135 0. .O 1289.0 
1 0005 2 0. .O 1289.0 * 1 0540 69 0. -0  1289.0 * 1 1115 136 0. .O 1289.0 
1 0010 3 0. .O 1289.0* 1 0545 70 0. .O 1289.0 * 1 1120 137 0. .O 1289.0 
1 0015 4 1. .O 1289.0 * 1 0550 71 0. .O 1289.0 * 1 1125 138 0. .O 1289.0 
1 0020 5 1. -0  1289.1 * 1 0555 72 0. .O 1289.0 * 1 1130 139 0. .O 1289.0 
1 0025 6 1. .O 1289.1 * 1 0600 73 0. .O 1289.0 * 1 1135 140 0. .O 1289.0 
1 0030 7 2. -0 1289.1* 1 0605 74 0. .O 1289.0 * 1 1140 141 0. -0 1289.0 



PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6-HR 2 4 -  HR 72-HR 16.58-HR 

+ (CFS) (HR) 
(CFS) 

+ 134 .  1 .50  20.  7. 7. 7. 
(INCHES) 1.754 1 .754  1.754 1.754 

(AC-FT) 10.  10.  10. 10. 

PEAK STORAGE TIME MAXIMUM AVERAGE STORAGE 
6-HR 2 4 -  HR 72-HR 16.58-HR 

PEAK STAGE T IME MAXIMUM AVERAGE STAGE 
6- HR 24-HR 72-HR 16.58-HR 

+ (FEET) (HR) 
1292.81 1.50 1290.02 1289.37 1289.37 1289.37 

CUMULATIVE AREA = .10  SQ M I  

ROUTE HYDROGRAPH SUM250 THRU DET BASIN 250; 

756 KO OUTPUT CONTROL VARIABLES 
I PRNT 1 PRINT CONTROL 
I PLOT 0 PLOT CONTROL 
QSCAL 0. HYDROGRAPH PLOT SCALE 

HYDROGRAPH R W T I N G  DATA 

STORAGE ROUTING 
NSTPS 1 NUMBER OF SUBREACHES 

l T Y P  STOR TYPE OF I N I T I A L  CONDITION 
RSVRIC -1.00 I N I T I A L  CONDITION 

X - 0 0  WORKING R AND D COEFFICIENT 

AREA - 0  .2 .6 1.1 2.1 2.7 3.4 

ELEVATION 1281.00 1282.00 1283.00 1284 .00  1285 .00  1286.00 1 2 8 7 . 0 0  

LOW-LEVEL OUTLET 
ELEVL 1281.00 ELEVATION AT CENTER OF OUTLET 
CAREA 6.20 CROSS-SECTIONAL AREA 

COOL .40  COEFFICIENT 
EXPL - 5 0  EXPONENT OF HEAD 

SPILLWAY 
CREL 1284.50 SPILLWAY CREST ELEVATION 

SPWID 60.00 SPILLWAY WIDTH 
COOW 2.60 UEIR COEFFICIENT 



EXPW 1.50 EXPONENT OF HEAD 

*** 

COMPUTED STORAGE-ELEVATION DATA 

STORAGE -00 .07 .44 1.27 2.82 5.21 8.26 
ELEVATION 1281.00 1282.00 1283.00 1284.00 1285.00 1286.00 1287.00 

COMPUTED OUTFLOW-ELEVATION DATA 

OUTFLOW -00 22.73 23.89 25.18 26.61 28.22 30.04 32.10 34.47 37.21 
ELEVATION 1281.00 1282.31 1282.44 1282.60 1282.79 1283.01 1283.28 1283.60 1284.00 1284.50 

OUTFLOW 38.27 43.63 56.85 81.45 120.93 178.87 258.74 364.12 498.48 665.36 
ELEVATION 1284.53 1284.61 1284.74 1284.92 1285.14 1285.42 1285.74 1286.11 1286.53 1287.00 

COMPUTED STORAGE-OUTFLOW-ELEVATION DATA 

STORAGE -00 -07 . I4  -19 .25 -33 .44 -45 .63 -88 
OUTFLOW -00 19.89 22.73 23.89 25.18 26.61 28.13 28.22 30.04 32.10 

ELEVATION 1281.00 1282.00 1282.31 1282.44 1282.60 1282.79 1283.00 1283.01 1283.28 1283.60 

STORAGE 1.27 1.92 1.97 2.10 2.32 2.65 2.82 3.12 3.74 4.53 
OUTFLOW 34.45 37.21 38.27 43.63 56.85 81.45 94.93 120.93 178.87 258.74 

ELEVATION 1284.00 1284.50 1284.53 1284.61 1284.74 1284.92 1285.00 1285.14 1285.42 1285.74 

STORAGE 5.21 5.52 6.75 8.26 
OUTFLGU 331.06 364.12 498.48 665.36 

ELEVATION 1286.00 1286.11 1286.53 1287.00 

*** WARNING *** MODIFIED PULS ROUTING MAY BE NUMERICALLY UNSTABLE FOR OUTFLOWS BETWEEN 0. TO 20. 
THE ROUTED HYDROGRAPH SHOULD B E  EXAMINED FOR OSCILLATIONS OR OUTFLOWS GREATER THAN PEAK INFLOWS. 
T H I S  CAN BE CORRECTED BY DECREASING THE TIME INTERVAL OR INCREASING STORAGE (USE A LONGER REACH.) 

HYDROGRAPH AT STATION DET250 

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

DA MON HRMN ORD OUTFLOW STORAGE STAGE * OA MON HRMN OR0 OUTFLOW STORAGE STAGE * DA MON HRMN ORD OUTFLOU STORAGE STAGE * * 



PEAK FLOW T IME MAXIMUM AVERAGE FLOW 
6-HR 24 -HR 72-HR 16.58-HR 

+ (CFS) (HR) 
(CFS) 

+ 6 1 0 .  1 .75 96. 3 5 .  35 .  35 .  
( INCHES) 1 . 5 1 7  1 .517  1 . 5 1 7  1 . 5 1 7  

(AC-FT)  48.  48.  48.  48.  

PEAK STORAGE T IME 

+ (AC-FT)  (HR) 
8. 1.75 

MAXIMUM AVERAGE STORAGE 
6-HR 24-HR 72-HR 16.58-HR 

PEAK STAGE T I M E  MAXIMUM AVERAGE STAGE 
6-HR 24-HR 72-HR 16.58-HR 

+ (FEET) (HR) 
1286 .85  1.75 1283.21 1281 .80  1281.80 1281 .80  

CUMULATIVE AREA = .59  SQ M I  

************** 
* * 

7 8 7  KK * DET270  * ROUTE HYDROGRAPH SUM270 THRU DET BASIN  270; 
* * 
************** 

7 8 9  KO OUTPUT CONTROL VARIABLES 
IPRNT 1 PRINT  CONTROL 
I P L O T  0 PLOT CONTROL 
QSCAL 0. HYDROGRAPH PLOT SCALE 

HYDROGRAPH ROUTING DATA 

STORAGE ROUTING 
NSTPS 1 NUMBER OF SUBREACHES 

I T Y P  STOR TYPE OF I N I T I A L  CONDITION 
RSVRlC  -1.00 I N I T I A L  CONDITION 

X .00 WORKING R AND 0 COEFFICIENT 

AREA .O .3 .7 1.1 1.7 2.3 



792 SE ELEVATION 1281.00 1282.00 1283.00 1284.00 1285.00 1286.00 

793 SQ Dl SCHARGE 0. 90. 260. 475. 685. 870. 

COMPUTED STORAGE-ELEVATION DATA 

STORAGE -00 -09 -57 1.46 2.84 4.83 
ELEVATION 1281.00 1282.00 1283.00 1284.00 1285.00 1286.00 

*** WARNING *** MODIFIED PULS ROUTING MAY BE NUMERICALLY UNSTABLE FOR OUTFLOWS BETWEEN 0. TO 260. 
THE ROUTED HYDROGRAPH SHOULD BE EXAMINED FOR OSCILLATIONS OR OUTFLOWS GREATER THAN PEAK INFLOWS. 
THIS CAN BE CORRECTED BY DECREASING THE TIME INTERVAL OR INCREASING STORAGE (USE A LONGER REACH.) 

HYDROGRAPH AT STATION OET270 

DA MON HRMN ORD 

'********* 

OUTFLOW 

0. 
0. 
1. 
1. 
1. 
2. 
2. 
3. 
4. 
6. 
8. 

11. 
20. 
51. 
97. 

124. 
142. 
167. 
267. 
405. 
527. 
593. 
614. 
591. 
541. 
478. 
395. 
335. 
285. 
240. 
201. 
173. 
151. 
133. 
116. 
103. 
91. 
78. 
72. 
64. 
58. 
51. 
15. 
41. 
38. 
37. 
36. 
35. 
34. 
33. 
32. 
30. 
29. 
26. 
22. 
16. 

********* 

STORAGE 

-0 
.o 
-0 
.o 
-0 
-0 
.O 
.o 
.o 
.o 
.o 
.o 
.o 
.I 
.1 
.2 
-2 
.3 
.6 

1.2 
1.8 
2.2 
2.4 
2.2 
1.9 
1.5 
1.1 

.9 

.7 

.5 

.4 

.3 
-3 
.2 
.2 
.1 
.1 
.1 
.I 
.1 
.1 
.1 
.o 
.o 
.o 
-0 
.o 
-0 
.o 
.o 
.o 
.o 
.o 
.o 
.O 
.o 

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

STAGE * DA MON HRMN ORD * 
1281.0* 1 0535 68 
1281 .O * 1 0540 69 
1281.0* 1 0545 70 
1281.0 * 1 0550 71 
1281 .O * 1 0555 72 
1281.0* 1 0600 73 
1281.0* 1 0605 74 
1281.0* 1 0610 75 
1281.0 * 1 0615 76 
1281.1* 1 0620 77 
1281.1 * 1 0625 78 
1281.1* 1 0630 79 
1281.2* 1 0635 80 
1281.6 * 1 0640 81 
1282.0 * 1 0645 82 
1282.2* 1 0650 83 
1282.3 * 1 0655 84 
1282.5 * 1 0700 85 
1283.0 * 1 0705 86 
1283.7* 1 0710 87 
1284.2* 1 0715 88 
1284.6 * 1 0720 89 
1284.7 * 1 0725 90 
1284.6* 1 0730 91 
1284.3 * 1 0735 92 
1284.0* 1 0740 93 
1283.6 * 1 0745 94 
1283.3 * 1 0750 95 
1283.1* 1 0755 96 
1282.9* 1 0800 97 
1282.7 * 1 0805 98 
1282.5 * 1 0810 99 
1282.4 * 1 0815 100 
1282.3 * 1 0820 101 
1282.2* 1 0825102 
1282.1* 1 0830103 
1282.0 * 1 0835 104 
1281.9 * 1 0840 105 
1281.8 * 1 0845 106 
1281.7 * 1 0850 107 
1281.6 * 1 0855 108 
1281.6 * 1 0900 109 
1281.5 * 1 0905 110 
1281.5* 1 0910111 
1281.4 * 1 0915 112 
1281.4 * 1 0920 113 
1281.4 * 1 0925 114 
1281.4 * 1 0930 115 
1281.4* 1 0935116 
1281.4 * 1 0940 117 
1281.4 * 1 0945 118 
1281.3 * 1 0950 119 
1281.3 * 1 0955 120 
1281.3 * 1 1000 121 
1281.2 * 1 1005 122 
1281.2 * 1 1010 123 

OUTFLOW STORAGE 

************ 
* 

STAGE * DA * 
1281.0 * 1 
1281.0 * 1 
1281.0 * 1 
1281.0 * 1 
1281.0 * 1 
1281.0 * 1 
1281.0 * 1 
1281.0 * 1 
1281.0 * 1 
1281.0 * 1 
1281.0 * 1 
1281.0 * 1 
1281.0 * 1 
1281.0 * 1 
1281.0 1 
1281.0 * 1 
1281.0 * 1 
1281.0 * 1 
1281.0 * 1 
1281.0 * 1 
1281.0 * 1 
1281.0 * 1 
1281.0 * 1 
1281.0 * 1 
1281.0 * 1 
1281.0 * 1 
1281.0 * 1 
1281.0 * 1 
1281.0 * 1 
1281.0 * 1 
1281.0 * 1 
1281.0 * 1 
1281.0 * 1 
1281.0 * 1 
1281.0 * 1 
1281.0 * 1 
1281.0 * 1 
1281.0 * 1 
1281.0 * 1 
1281.0 * 1 
1281.0 * 1 
1281.0 * 1 
1281.0 * 1 
1281.0 * 1 
1281.0 * 1 
1281.0 * 1 
1281.0 * 1 
1281.0 * 1 
1281.0 * 1 
1281.0 * 1 
1281.0 * 1 
1281.0 * 1 
1281.0 * 1 
1281.0 * 1 
1281.0 * 1 
1281.0 * 1 

, MON HRMN ORD 

I********* 

OUTFLOW 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

I********j 

STORAGE 

-0  
.o 
-0  
.o 
-0 
.o 
.O 
.O 
- 0  
-0  
.O 
.o 
.o 
-0  
.o 
-0 
.O 
- 0  
-0 
.o 
-0  
.o 
.o 
.o 
.o 
.o 
-0 
.o 
-0  
.o 
.o 
.O 
.o 
.o 
.O 
.D 
.o 
.o 
.o 
.O 
.o 
.o 
-0 
.o 
-0 
.o 
.O 
-0 
.o 
.o 
.o 
.O 
.o 
.o 
.o 
.o 

k******** 

STAGE 

1281 -0  
1281 .O 
1281 .O 
1281 .O 
1281.0 
1281.0 
1281.0 
1281 -0 
1281 .O 
1281.0 
1281.0 
1281 -0 
1281 .O 
1281.0 
1281.0 
1281 -0 
1281 .O 
1281 -0 
1281.0 
1281 .O 
1281.0 
1281 .O 
1281 -0  
1281.0 
1281.0 
1281.0 
1281 .O 
1281 .O 
1281.0 
1281 .O 
1281.0 
1281.0 
1281 .O 
1281.0 
1281.0 
1281 .O 
1281 .O 
1281.0 
1281.0 
1281 .O 
1281.0 
1281.0 
1281 .O 
1281.0 
1281.0 
1281.0 
1281.0 
1281 -0 
1281.0 
1281.0 
1281 .O 
1281 .O 
1281.0 
1281 .O 
1281 .O 
1281 .O 



PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6- HR 2 4 -  HR 72-HR 16.58-HR 

+ (CFS) (HR) 
(CFSJ 

+ 614 .  1.83 107.  39. 39. 39. 
(INCHES) 1 . 5 4 0  1 .540  1.540 1.540 

(AC-FT) 53 .  53 .  53. 53. 

PEAK STORAGE TIME MAXIMUM AVERAGE STORAGE 
6- HR 2 4 -  HR 72-HR 16.58-HR 

PEAK STAGE TIME 

+ (FEET) (HR) 
1 2 8 4  .66 1 .83  

MAXIMUM AVERAGE STAGE 
6- HR 2 4 -  HR 72-HR 16.58-HR 

CUMULATIVE AREA = .64 SQ M I  

ROUTE HYDROGRAPH SUM295 THRU OET BASIN  295; 

8 1 0  KO OUTPUT CONTROL VARIABLES 
IPRNT 1 PRINT CONTROL 
l PLOT 0 PLOT CONTROL 
QSCAL 0. HYDROGRAPH PLOT SCALE 

HYDROGRAPH ROUTING DATA 

STORAGE ROUTING 
NSTPS 1 NUMBER OF SUBREACHES 

I T Y P  STOR TYPE OF I N I T I A L  CONDITION 
RSVRlC -1 .00  I N I T I A L  CONDlTION 

X . 0 0  WORKING R AND D COEFFICIENT 

AREA .O . 2  .5 1 .O 1.6 2.4 2.9 

ELEVATION 1276 .00  1 2 7 7 . 0 0  1278.00 1279.00 1280 .00  1281 .00  1282 .00  

LOW-LEVEL OUTLET 
ELEVL 1276 .00  ELEVATION AT CENTER OF OUTLET 
CAREA 6 . 2 0  CROSS-SECTIONAL AREA 

C W L  . 4 0  COEFFICIENT 
EXPL . 5 0  EXPONENT OF HEAD 

SPILLWAY 
CREL 1279.00 SPILLWAY CREST ELEVATION 

SPWIO 80 .00  SPILLWAY WIDTH 
C W U  2.60 WEIR COEFFICIENT 
EXPU 1 .50  EXPONENT OF HEAD 

STORAGE 

*** 

COMPUTED STORAGE-ELEVATION DATA 

.D5 -36 1.11 2.43 4 . 4 2  7.06 



ELEVATION 1276.00 1277.00 1278.00 1279.00 1280.00 1281.00 1282.00 

COMPUTED OUTFLOW-ELEVATION DATA 

OUTFLOW .OO 22.61 23.62 24.73 25.95 27.30 28.79 30.46 32.33 34.45 
ELEVATION 1276.00 1277.29 1277.41 1277.55 1277.70 1277.88 1278.10 1278.35 1278.64 1279.00 

OUTFLOW 36.08 44.98 67.45 109.70 178.04 278.69 417.91 601.94 837.09 1129.52 
ELEVATION 1279.04 1279.13 1279.28 1279.50 1279.77 1280.10 1280.48 1280.93 1281.44 1282.00 

COMPUTED STORAGE-OUTFLOW-ELEVATION DATA 

STORAGE -00 .05 -11 .14 .18 -23 -31 .36 -41 .56 
OUTFLOW .OO 19.89 22.61 23.62 24.73 25.95 27.30 28.13 28.79 30.46 

ELEVATION 1276.00 1277.00 1277.29 1277.41 1277.55 1277.70 1277.88 1278.00 1278.10 1278.35 

STORAGE .78 1.11 1.15 1.25 1.42 1.69 2.06 2.43 2.58 3.30 
OUTFLOW 32.33 34.45 36.08 44.98 67.45 109.70 178.04 247.78 278.69 417.91 

ELEVATION 1278.64 1279.00 1279.04 1279.13 1279.28 1279.50 1279.77 1280.00 1280.10 1280.48 

STORAGE 4.26 4.42 5.51 7.06 
OUTFLOW 601.94 632.79 837.09 1129.52 

ELEVATION 1280.93 1281.00 1281.44 1282.00 

*** WARNING *** MODIFIED PULS ROUTING MAY BE NUMERICALLY UNSTABLE FOR OUTFLOWS BETWEEN 0. TO 20. 
THE ROUTED HYDROGRAPH SHOULD BE EXAMINED FOR OSCILLATIONS OR OUTFLOWS GREATER THAN PEAK INFLOWS. 
T H I S  CAN BE CORRECTED BY DECREASING THE T IME INTERVAL OR INCREASING STORAGE (USE A LONGER REACH.) 

I HYDROGRAPH AT STATION DET295 

I DA MON HRMN OR0 OUTFLOW STORAGE 

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

STAGE * DA MON HRMN ORD 
* 

1276.0* 1 0535 68 
1276.0 * 1 0540 69 
1276.0* 1 0545 70 
1276.0 * 1 0550 71 
1276.0 * 1 0555 72 
1276.0 * 1 0600 73 
1276.1* 1 0605 74 
1276.1* 1 0610 75 
1276.1 * 1 0615 76 
1276.2* 1 0620 77 
1276.2 * 1 0625 78 
1276.3 * 1 0630 79 
1276.6 * 1 0635 80 
1277.2 * 1 0640 81 
1278.0 * 1 0645 82 
1278.7 * 1 0650 83 
1279.3* 1 0655 84 
1279.6* 1 0700 85 
1279.8* 1 0705 86 
1280.1* 1 0710 87 
1280.4 * 1 0715 88 
1280.7 * 1 0720 89 
1280.9 * 1 0725 90 
1280.9 * 1 0730 91 
1280.9 * 1 0735 92 
1280.8 * 1 0740 93 
1280.6 * 1 0745 94 
1280.5* 1 0750 95 
1280.3* 1 0755 96 
1280.1 * 1 0800 97 
1280.0 * 1 0805 98 
1279.9 * 1 0810 99 
1279.8 * 1 0815 100 
1279.7 * 1 0820 101 
1279.6* 1 0825102 
1279.5 * 1 0830 103 
1279.5 * 1 0835 104 
1279.4* 1 0840105 
1279.4 * 1 0845 106 
1279.3 * 1 0850 107 
1279.3 * 1 0855 108 
1279.3 * 1 0900 109 
1279.2 * 1 0905 110 

OUTFLOW STORAGE 

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

* 
STAGE * DA MON HRMN ORD * 

1276.0 * 1 1110 135 
1276.0 * 1 1115 136 
1276.0 * 1 1120 137 
1276.0 * 1 1125 138 
1276.0* 1 1130139 
1276.0 * 1 1135 140 
1276.0 * 1 1140 141 
1276.0 * 1 1145 142 
1276.0 * 1 1150 143 
1276.0 * 1 1155 144 
1276.0 * 1 1200 145 
1276.0 * 1 1205 146 
1276.0 * 1 1210 147 
1276.0 * 1 1215 148 
1276.0 * 1 1220 149 
1276.0* 1 1225150 
1276.0 * 1 1230 151 
1276.0 * 1 1235 152 
1276.0 * 1 1240 153 
1276.0 * 1 1245 154 
1276.0 * 1 1250 155 
1276.0 * 1 1255 156 
1276.0 * 1 1300 157 
1276.0 * 1 1305 158 
1276.0 * 1 1310 159 
1276.0 * 1 1315 160 
1276.0 * 1 1320 161 
1276.0 * 1 1325 162 
1276.0 * 1 1330 163 
1276.0 * 1 1335 164 
1276.0 * 1 1340 165 
1276.0 * 1 1345 166 
1276.0 * 1 1350 167 
1276.0 * 1 1355 168 
1276.0 * 1 1400 169 
1276.0 * 1 1405 170 
1276.0 * 1 1410 171 
1276.0 * 1 1415 172 
1276.0 * 1 1420 173 
1276.0 * 1 1425 174 
1276.0 * 1 1430 175 
1276.0 * 1 1435 176 
1276.0 * 1 1440 177 

OUTFLOW STORAGE STAGE 



PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6- HR 24-HR 72-HR 16.58-HR 

+ (CFS) (HR)  
(CFS) 

+ 599. 1.92 108. 39. 39. 39. 
(INCHES) 1.538 1.538 1.538 1.538 

(AC-FT) 54. 54. 54. 54. 

PEAK STORAGE TIME 

+ (AC-FT) (HR) 
4. 1.92 

PEAK STAGE TIME 

MAXIMUM AVERAGE STORAGE 
6-HR 24-HR 72-HR 16.58-HR 

MAXIMUM AVERAGE STAGE 
6-HR 24-HR 72-HR 16.58-HR 

+ (FEET) (HR) 
1280.92 1.92 1278.32 1276.84 1276.84 1276.84 

CUMULATIVE AREA = .65 SQ M I  

************** 
* * 

858 KK * DET300 * ROUTE HYDROGRAPH SUM300 THRU DET BASIN 300; 
* * 
************** 

860 KO OUTPUT CONTROL VARIABLES 
IPRNT 1 PRINT CONTROL 
I PLOT 0 PLOT CONTROL 
QSCAL 0. HYDROGRAPH PLOT SCALE 

HYDROGRAPH ROUTING DATA 

STORAGE ROUTING 
NSTPS 1 NUMBER OF SUBREACHES 
l TYP STOR TYPE OF INITIAL CONDITION 

RSVR I C -1.00 INITIAL CONDITION 
X .OO WORKING R AND D COEFFICIENT 

AREA .O .7 .9 1.3 2.0 2.6 3.5 

ELEVATION 1271.00 1272.00 1273.00 1274.00 1275.00 1276.00 1277.00 

LOW-LEVEL OUTLET 
ELEVL 1271.00 ELEVATION AT CENTER OF OUTLET 
CAREA 3.10 CROSS-SECTIONAL AREA 

COQL .40 COEFFICIENT 





PEAK FLOW T IME MAXIMUM AVERAGE FLOW 
6- HR 2 4 -  HR 72-HR 16.58-HR 

+ (CFS) (HR) 
(CFS) 

+ 6 1 9 .  2 .00  125 .  46 .  46.  46.  
(INCHES) 1.572 1 .598  1.598 1 .598  

(AC-FT)  62 .  63. 63. 63.  

PEAK STORAGE T I M E  

+ (AC-FT)  (HR) 
6. 2 . 0 0  

PEAK SrAGE T IME 

+ (FEET) (HR) 
1275 .89  2 . 0 0  

MAXIMUM AVERAGE STORAGE 
6 -  HR 2 4 -  HR 72-HR 16.58-HR 

MAXIMUM AVERAGE STAGE 
6- HR 2 4 -  HR 72-HR 16.58-HR 

CUMULATIVE AREA = . 7 4  SQ M I  

ROUTE HYDROGRAPH SUM330 THRU DET B A S I N  330;  

8 9 1  KO OUTPUT CONTROL VARIABLES 
IPRNT 1 PRINT  CONTROL 
I P L O T  0 PLOT CONTROL 
QSCAL 0. HYDROGRAPH PLOT SCALE 

HYOROGRAPH ROUTING DATA 

STORAGE ROUTING 
NSTPS 1 NUMBER OF SUBREACHES 

I T Y P  STOR TYPE OF I N I T I A L  CONDITION 
RSVR l C -1.00 I N I T I A L  CONDITION 

X .OO WORKING R AND 0 COEFFICIENT 



893 SA AREA .O 1.2 4.0 8.7 9.7 10.3 10.9 

894 SE ELEVATION 1264.00 1265.00 1266.00 1267.00 1268.00 1269.00 1270.00 

895 SO DISCHARGE 0. 80. 220. 450. 830. 1300. 2000. 

*** 

COMPUTED STORAGE-ELEVATION DATA 

STORAGE -00 .40 2.87 9.08 18.27 28.26 38.85 
ELEVATION 1264.00 1265.00 1266.00 1267.00 1268.00 1269.00 1270.00 

HYDROGRAPH AT STATlON DET330 

************ 
* 

STAGE * DA * 
1264.0 * 1 
1264.0 * 1 
1264.0 * 1 
1264.0 * 1 
1264.1 * 1 
1264.1 * 1 
1264.1 * 1 
1264.1 * 1 
1264.2 * 1 
1264.3 * 1 
1264.4 * 1 
1264.5 * 1 
1264.8 * 1 
1265.1 * 1 
1265.5 * 1 
1266.0 * 1 
1266.2 * 1 
1266.6 * 1 
1267.0* 1 
1267.3 * 1 
1267.5 * 1 
1267.9 * 1 
1268.2 * 1 
1268.5 * 1 
1268.9 * 1 
1269.1 * 1 
1269.3 * 1 
1269.4 1 
1269.4 * 1 
1269.4* 1 
1269.3 * 1 
1269.2 * 1 
1269.0 * 1 
1268.9 * 1 
1268.7 * 1 
1268.5 * 1 
1268.3 * 1 
1268.1 * 1 
1267.9 * 1 
1267.7 * 1 
1267.5 * 1 
1267.4 * 1 
1267.2* 1 
1267.1 * 1 
1267.0 * 1 
1266.8 * 1 
1266.7 * 1 
1266.6 * 1 
1266.5 * 1 
1266.3 * 1 
1266.3 * 1 
1266.2* 1 
1266.1 * 1 
1266.0 * 1 
1265.9 * 1 
1265.8 * 1 
1265.7 * 1 
1265.6 * 1 

r**************t***t********a 

* 
STAGE * OA MON HRMN ORD * 

1265.1 * 1 1110 135 
1265.0 * 1 1115 136 
1265.0 * 1 I120 137 
1265.0 * 1 1125 138 
1264.9 * 1 1130 139 
1264.9 * 1 1135 140 
1264.9 * 1 1140 141 
1264.8 * 1 1145 142 
1264.8 * 1 1150 143 
1264.8 * 1 1155 144 
1264.8 * 1 1200 145 
1264.8 * 1 1205 146 
1264.8 * 1 1210 147 
1264.8 * 1 1215 148 
1264.7* 1 1220149 
1264.7 * 1 1225 150 

DA MON HRMN ORD OUTFLOW STORAGE , MON HRMN ORD OUTF LOU STORAGE OUTFLOW STORAGE STAGE 



PEAK FLOW TIME MAXIMUM AVERAGE FLOU 
6-HR 24-HR 72-HR 16.58-HR 

(CFS) (HR) 
(CFS) 

+ 1608. 2.33 473. 180. 180. 180. 
(INCHES) 1.490 1.569 1.569 1.569 
(AC- FT) 234. 247. 247. 247. 

PEAK STORAGE TIME 

+ (AC-FT) (HR)  
33. 2.33 

MAXIMUM AVERAGE STORAGE 
6- HR 24-HR 72-HR 16.58-HR 

PEAK STAGE TIME MAXIMUM AVERAGE STAGE 
6-HR 24-HR 72-HR 16.58-HR 

t (FEET) (HR)  
1269.44 2.33 1266.50 1265.02 1265.02 1265.02 

CUMULATIVE AREA = 2.95 SQ M I  

RUNOFF SUMMARY 
FLOW I N  CUBIC FEET PER SECOND 

T l M E  IN HOURS, AREA I N  SQUARE MILES 

PEAK TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD BASIN MAXIMUM TIME OF 
OPERAT ION STAT I ON FLOW PEAK AREA STAGE MAX STAGE 

6-HOUR 24-HOUR 72-HOUR 

HYDROGRAPH A T  
SUBA 811. 1.92 133. 48. 48. .87 

HYDROGRAPH AT 
SUBB2 1 .  1.75 24. 9. 9. .16 

2 COMBINED AT 
SUMAB2 925. 1.92 156. 57. 57. 1.03 

ROUTED TO 
RCHl6 921. 1.92 157. 57. 57. 1.03 

HYDROGRAPH AT 
SUB05 65. 1.25 6. 2. 2. .03 

HYDROGRAPH AT 
SUB10 8. 1.50 2. 1. 1. -01 

HYDROGRAPH AT 
SUB15 23. 1.33 3 .  1 .  1. -01 

4 COMBINED AT 
SUM 16 941. 1.92 167. 60. 60. 1.08 

HYDROGRAPH A T  
SUBBl 284. 1.50 28. 10. 10. -19 

ROUTED TO 
RCH26 281. 1.58 28. 10. 10. .19 

HYDROGRAPH AT 
SUB20 28. 1.25 2. 1. 1. .01 

HYDROGRAPH AT 
SUB25 19. 1.25 2. 1. 1. -01 

3 COMBINED A T  
SUM26 301. 1.50 32. 11. 11. -21 



HYDROGRAPH A T  

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED A T  

ROUTED TO 

HYDROGRAPH AT 

3 COMBINED A T  

ROUTED TO 

ROUTED TO 

HYDROGRAPH A T  

2 COMBINED A T  

ROUTED TO 

ROUTED TO 

HYDROGRAPH A T  

HYDROGRAPH A T  

HYDROGRAPH A T  

5 COMBINED AT 

ROUTED T O  

HYDROGRAPH A T  

HYDROGRAPH AT 

3 COMBINED A T  

ROUTED TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

3 COMBINED AT 



ROUTED TO 

HYDROGRAPH AT 

HYDROGRAPH A T  

HYDROGRAPH AT 

4 COMBINED AT 

HYDROGRAPH AT 

HYDROGRAPH AT 

3 COMBINED AT 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

ROUTED TO 

3 COMBINED AT 

HYDROGRAPH AT 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

D I V E R S I O N  TO 

HYDROGRAPH A T  

ROUTED T O  

3 COMBINED AT 

SUM80 

RCH85 

S U B 8 5  

S U B 9 0  

S U B 9 5  

SUM85 

S U B 1 0 0  

S U B 1 0 5  

SUM1 0 0  

S U B 1 1 0  

RCH115 

SUB1 1 5  

SUB 1 2 0  

RCH115 

SUM115 

S U B 1 2 5  

S U B 1 3 0  

RCH135 

S U B 1 3 5  

SUM135 

RCH14O 

S U B 1 4 0  

SUM140 

D V T 1 4 1  

D V T 1 4 0  

RCH125 



HYDROGRAPH AT 

ROUTED TO 

ROUTED TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

4 COMBINED AT 

ROUTED TO 

ROUTED TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

3 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

ROUTED TO 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

SUM1 2 5  

SUB145 

DET145 

RCHlSO 

SUB150 

SUB155 

RCHl6O 

SUB160 

SUM 1 6 0  

SUB165 

RCH170 

SUB170 

SUM 1 70 

SUM150 

DET150  

RCH175 

SUB 1 7 5  

SUB180 

SUM 1 75 

DET175 

SUB1 8 5  

DET185 

SUM186 

RCHl9O 

SUB190 



HYDROGRAPH AT 

HYDROGRAPH AT 

4 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

3 COMBINED AT 

ROUTED TO 

2 COMBINED AT 

RWTED TO 

HYDROGRAPH AT 

3 COMBINED AT 

ROUTED TO 

R W T E D  TO 

HYOROGRAPH AT 

2 COMBINED AT 

HYDROGRAPH AT 

HYDROGRAPH AT 

HYDROGRAPH AT 

4 COMBINED AT 

ROUTED TO 

HYOROGRAPH AT 

HYDROGRAPH AT 

ROUTED TO 

SUB195 

SUB 196 

SUM190 

D E T l 9 O  

SUB200 

DVT141 

SUMZOO 

DETZOO 

SUM125 

D E T l Z 5  

SUB205 

SUM1 0 0  

DETlOO 

RCH210 

SUB210 

SUM2 1 0  

SUB215 

SUB220 

SUB225 

SUM220 

DET220  

SUB230 

SUB235 

DET235 



HYDROGRAPH AT 

HYDROGRAPH AT 

4 COMBINED AT 

ROUTED TO 

ROUTED TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

HYDROGRAPH AT 

SUB250 

SUBCl 

RCHC2 

SUBC2 

SUMC2 

RCHC3 

SUBC3 

SUMC3 

RCHC4 

SUBC4 

SUMC4 

RCHDl 

SUBDl 

SUMD 1 

RCHDZ 

SUBDZ 

SUMD2 

RCHD3 

SUBD3 

SUMD3 

SUBD4 



ROUTED TO 

2 COMBINED AT 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYOROGRAPH AT 

2 COMBINED AT 

3 COMBINED AT 

RWTED TO 

RWTED TO 

HYDROGRAPH AT 

HYOROGRAPH AT 

HYDROGRAPH AT 

4 COMBINED AT  

ROUTED TO 

ROUTED TO 

HYDROGRAPH AT 
SUB295 24.  1.25 

2 COMBINED AT 
SUM295 610. 1.83 

ROUTED TO 
DET295 599. 1.92 

ROUTED TO 

HYDROGRAPH AT 
SUB300 28. 1.25 

HYDROGRAPH AT 
SUB305 49. 1.25 

HYDROGRAPH AT 
SUB310 40. 1.25 

HYDROGRAPH AT 
SUB31 5 25. 1.33 

ROUTED TO 
RCH320 24.  1.42 



HYDROGRAPH AT 
+ SUB320 43. 1.25 5. 2. 2. .02 

2 COMBINED AT 
+ SUM320 66. 1.33 8. 3. 3. .03 

5 COMBINED AT 
+ SUM300 624. 1.92 127. 46. 46. .74 

ROUTED TO 
+ DET300 619. 2.00 125. 46. 46. .74 
+ 1275.89 2.00 

HYDROGRAPH AT 
+ SUB325 58. 1.25 6. 2. 2. .03 

HYDROGRAPH AT 
+ SUB330 62. 1.42 9. 3. 3. .05 

HYDROGRAPH AT 
+ SUB335 86. 1.17 6. 2. 2. .03 

5 COMBINED AT 
+ SUM330 1737. 2.17 473. 180. 180. 2.95 

ROUTED TO 
t DET330 1608. 2.33 473. 180. 180. 2.95 
+ 1269.44 2.33 
1 

SUMMARY OF KINEMATIC WAVE - MUSKINGUM-CUNGE ROUTING 
(FLOW IS DIRECT RUNOFF WITHOUT BASE FLOW) 

INTERPOLATED TO 
COMPUTATION INTERVAL 

ISTAQ ELEMENT DT PEAK T I M E  TO VOLUME DT PEAK TIME TO VOLUME 
PEAK PEAK 

( M I N I  (CFS) (MIN) ( I N )  (MIN) (CFS) (MIN) (IN) 

RCHl6 MANE .44 923.84 115.64 1.42 5.00 920.86 115.00 1.42 

CONTINUITY SUMMARY (AC-FT) - INFLOW= .7757E+02 EXCESS. .0000E+00 OUTFLOW= .7758E+D2 BASIN STORAGE= .1445E-04 PERCENT ERROR= .O 

RCH26 MANE .44 283.89 91.23 1.37 5.00 280.55 95.00 1.37 

CONTINUITY SUMMARY (AC-FT) - INFLOW- .1368E+02 EXCESS= .0000E+00 OUTFLOW= .1369E+02 BASIN STORAGE= .1735E-05 PERCENT ERROR= .O  

RCH35 MANE -94 56.27 77.05 1.82 5.00 55.40 80.00 1.82 

CONTINUITY SUMMARY (AC-FT) - INFLOW= .2517E+01 EXCESS= .0000E+00 OUTFLOW= .2522E+01 BASIN STORAGE= .1294E-04 PERCENT ERROR= -.2 

RCH115 MANE 1.21 70.71 72.62 1.87 5.00 70.54 75.00 1.87 

CONTINUITY SUMMARY (AC-FT) - INFLOW= .2480E+01 EXCESS= .0000E+00 OUTFLOW= .2500E+01 BASIN STORAGE= .2395E-04 PERCENT ERROR- -.8 

RCH115 MANE .58 49.02 75.86 1.86 5.00 48.25 75.00 1.87 

CONTINUITY SUMMARY (AC-FT) - INFLOW. .1983E+01 EXCESS. .0000E+00 OUTFLOW= .1987E+01 BASIN STORAGE= .2981E-05 PERCENT ERROR: -.2 

RCH135 MANE -86 65.46 76.85 1.86 5.00 64.05 80.00 1.86 

CONTINUITY SUMMARY ( A C - F T )  - INFLOW: .2974E+01 EXCESS: .0000E+00 OUTFLOW= .2979E+01 BASIN STORAGE= .9742E-05 PERCENT ERROR= -.2 

RCH140 MANE 1.57 116.97 77.75 1.90 5.00 115.57 80.00 1.89 

CONT 1 NU1 T Y  SUMMARY ( A C -  F T  ) - INFLOW. .5141E+01 EXCESS= .0000E+00 OUTFLOW= .5156E+01 BASIN STORAGE= .2584E-03 PERCENT ERROR= - .3 • 



RCH160 MANE .90 55.64 76.58 1.87 5.00 54.37 75.00 1.86 

CONTINUITY SUMMARY (AC- FT) - INFLOW= .2181E+01 EXCESS= .0000E+00 OUTFLOW= .2188E+01 BASIN STORAGE= .1061E-04 PERCENT ERROR= 

RCH170 MANE .90 69.59 81.94 1.81 5.00 68.80 80.00 1 .81 

CONTINUITY SUMMARY (AC-FT) - INFLOU= .3461E+Ol EXCESS= .0000E+00 OUTFLOW= .3466E+01 BASlN STORAGE= .1404E-04 PERCENT ERROR= 

RCHCZ MANE 1.15 35.78 92.76 1.45 5.00 35.77 95.00 1.45 

CONTINUITY SUMMARY (AC-FT) - INFLOW= .2167E+01 EXCESS- .0000E+00 OUTFLOW= .2167E+01 BASIN STORAGE= .2242E-05 PERCENT ERROR= 

RCHC3 MANE 1.13 65.71 97.29 1.45 5.00 64.04 95.00 1.45 

CONTINUITY SUMMARY (AC-FT) - INFLOU= .4254E+Ol EXCESS= .0000E+00 WITFLOW= .4257E+01 BASlN STORAGE= -1050E-04 PERCENT ERROR= 

RCHC4 MANE .79 150.17 96.55 1.45 5.00 148.12 95.00 1.45 

CONTINUITY SUMMARY (AC-FT) - INFLOW= .9205E+01 EXCESS= .0000E+00 OUTFLOk .9207E+01 BASIN STORAGE= .1878E-04 PERCENT ERROR= 

RCHD1 MANE .30 220.05 95.51 1.45 5.00 218.66 95.00 1.45 

CONTINUITY SUMMARY ( A C - F T )  - INFLOW .1370E+02 EXCESS= .0000E+00 OUTFLOW .1370E+02 BASlN STORAGE= .1048E-04 PERCENT ERROR= 

RCHD2 MANE .49 256.63 95.76 1.45 5.00 254.78 95.00 1.46 

CONTI  NU1 TY SUMMARY (AC- FT ) - INFLOW= .1627E+02 EXCESS= .0000E+00 OUTFLOk .1627E+02 BASIN STORAGE= .2003E-04 PERCENT ERROR= 

RCHD3 MANE .35 319.62 95.67 1.45 5.00 316.63 95.00 1.46 

CONTINUITY SUMMARY (AC-FT) - INFLOW .2054E+02 EXCESS= .0000E+00 OUTFLOW= .2054E+02 BASIN STORAGE= -2333E-04 PERCENT ERROR= 

RCHD4 MANE .56 108.66 96.17 1.45 5.00 108.08 95.00 1.45 

CONTl NUITY SUMMARY (AC-FT) - INFLOW= .6861E+01 EXCESS= .0000E+00 WTFLOU= .6863E+01 BASlN STORAGE= -7600E-06 PERCENT ERROR= 

RCH260 MANE .16 522.71 95.25 1.45 5.00 521.35 95.00 1.45 

CONTINUITY SUMMARY (AC-FT) - INFLOU= .3428E+02 EXCESS= .0000€+00 WTFLOU= .3428E+02 BASIN STORAGE= .9800E-05 PERCENT ERROR= 

RCH320 MANE 2.28 24.32 82.52 1.86 5.00 24.21 85.00 1.87 

CONTINUITY SUMMARY (AC-FT) - INFLOW= .1388E+01 EXCESS= .0000E+00 OUTFLOW= .1390E+01 BASIN STORAGE= -1010E-03 PERCENT ERROR= 

*** NORMAL END OF HEC-I *** 
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PROJECT : SCW E X  PANS /OA/ 
PIASTER SRA/IV\/A G E  

STATION : DET 40 

SHEETIOF 2 

CULVERT DESIGN FORM 

DESIQNER/DATE: D ~ S ~ u ~ f S  / 7-12-92' 
REVIEWER / DATE : w/MZ 

HYDROLOGICAL DATA 

g o METHoD:J~FC / : CLARK G R E / / A M  PT 
DRAINAGE AREA: 0 STREAM m: 2 

2 0 CHANNELSHAPE: 

# ROUTINO: PULS OTHER: 

DESlO N FLOWS/TAILWAlER . 

R.I. [YEARS) FLOWIc l r )  TW 111) - 

ROADWAY ELEVATION :!-!III) 

. L,=& 

CULVERT DESCRIPTION : 
MATERIAL - SHAPE -SIZE -ENTRANCE 

2 - 10' x 3' 

. . 

TOT&, 
FLOW 

o 
( e l  a) 

60 

100 

200 

?do 
400 

T ECHNlCAL FOOTNOTES : (4) ELhi- HWp ELIIINMRT OF . 66i h, TW or (dcr O/2) (  WHICHEVER Pi GREATER) 

Ill USE OlNB FOR BOX CULVERTS INLET CONTROL SECTION) (7) H=&t  i m r ~  L I / R ~ ~ ~ ] V ' / Z ~  

12) HWl /Dm HW A OR HWI/D FROM DESlQN CHARTS (51 TW BASE0 ON WWH STREAM (8) E L b m  EL, t H t ha 
CONTROL OR ROW OEPM IN 

13) FALL l HWI - IELhd-ELgf) FALL IS ZERO CHANNEL. 
FOR GRADE 

n o w  
PER 

BARm 
OIN 

(11 

3 
5 

10 

IF 
20 

SUBSCRIPT DEFINITIONS : 
a. APPROXIMATE 
f. CULVLR~ CACL 
hd. DLIlON HtAOWAl'U 
hi. HEADWATER IN MLCl CONTROL 
ha. HEADWATER m O u n n  CONlRa I. INLET coma IEMON 
e. OUTLET 
at. s m t ~ u a m  5 WERT FACC 

m. TWATER 

COMMENTS / DISCUSSION : 
STRAI G ~ T  HEADMLL ~ 0 ~ 7 0  P L O ~  
ROUNDED EDGES Q r d c h  g OUTLET 
MAX ALCOWAQLF HW= 1299~0  

W'i-LET \/gL. 8qm ON W N l  NG hdACY.)S : NO & A & ~ 7 1 &  

CULVERT BARREL SELECTED : 
S I Z E :  

SHAPE: 

MATERIAL : 
ENTRANCE: k 

" 8  AF- 
f 5 
U ~ W  

9s,R 
CrS,g 

9h,05'97,~10,3 

96,7598,IY 

*t 
w U  :a o >  

!x 7 

6.9 
81 q 

11.3 

HEADWATER CAWUTlONS 

COMMENTS 

I ~ F T  comm 
Ir I 

)I 11 

INL&T~o~J~?U.  
11 I 

INLET CONTROL OUTLET CONfROL 

H W ~  (2 

,38 
. . 
53 * 

,83 

1.10 

1.35 

FALL 

/ 
/ 

/ 

/' 
/ 

HW, 

1.14 

1,5? 

2,49 
3.30 

4014 

T W  
(I) 

06 

OFF 

OFF 

I*4 

ELM 
14 1 

qS1ly 

959 
?6,44 
97.?49I,l 
98.14 

2 

SC/\LE 

SC,\LE 

SCALE 

270 

: 

1,9 

214 

he 
161 

7,Y52.450,2 

2,700,Z 

0.60 

/,65- 

a 





e4.42 
Culvert Oesign Form 

R. I. (YEARS) FLOW(c f r1  

. a - - 

PROJECT : SCw F K P I C ~ A / S ) O ~  STATION : \SD 
IUI ASVYR D ~ # I A J A T , ~  SHEET OF 1 

L 

CULVERT DESCRIPTION: TOTAL FLOW HEADWATER CAISUAT IONS 
FLOW PER -'EP ,= - = =  

MATERIAL - SHAPE-SIZE-ENTRANCE BUlRO INLET CONTROL OUTLET CONTRaL COMMENTS 
0 011 HWYO MWl F A L L  EL11  T *  dctO ha he H ELho $ $  (c t r l  (1) (2 (4 1 1s) dc T 

4-10' 4 roo 10 OI@ 2 . s ~  / m X , S L V , ~  INLET COEI'TROI 

600 lb d,$2 3.28 / 8728 If If $ 7 , ~  t0,3 
I t  )I so0 201 0.99 3.96 8796 1.20 2.40 320 3 , ~  .e o.ssx'~ss24tn.3 

1206 30 / ,32 g9.8 1 .  W,B tz.4 11 11 

CULVERT DESIGN FORM 

DESIONER~DATE: fASmH /= 

REVIEWER /DATE : -1- 

I TECHNICAL FOOTNOTES: 

(I) USE OlNB FOR BOX CULVERTS 

.-. . . 
INLET CONTROL SECTION) m H- kt tnf LI IDUS] V'IZ~ 

HYDROL001CAL OAT A 

d METHOD: dg-I ; G 
t t 

R ~ J / A w P ~  
* DRAINAGE A R E A :  STREAM SLOPE: d 
2 CHANNELSHAPE: 

9 o ROUTING: MOD POLS OTHER: 

DESIGN FLOWSfTAILWATER 

ROADWAY ELEYA~ON : i r 8 9 9 d ~  

' 

I 
7 H l L  C . t l C V F E r  I 0 7-0  /39r 
W E C ~  t d r Q ~ & W &  F w n d b  /u 

I - mn6c ll354& . ! . . 

12) HWi /Om HW A OR HWt/O FROM DESIGN CHARTS (5) T W BASE0 ON DOWN STREAM O) ELho. EL, t H + h, 
CONTROL OR FLOW DEPTH W 

(3) FALL- HWl - IELhd- EL,() I FALL IS ZERO CHANNEL. 
FOR BILYT[LTS CN GRAOE 

CULVERT BARREL SELECTED : 
S I Z E :  

SHAPE: 

n MATERIAL: 

ENTRAM : 

SUBSCRIPT DEFINITIONS : 
r. APPROXIYATE 
1. CULvcRT FACE 
Ld. DCSloM HtADWAa 
LI. HEAOWATER IN mrr r  c o w r ~ a  
ha. HEADWATER I)( OUTLET C O M l R a  I. WLLT c m a  sccnow 
r. OUTLET 
rt. STIIIAYIEO AT CUVLRT FACE 

COMMENTS '/ DISCUSSION : 
STRAIGHT MEADWALL; 90' TO FLOVJ 
ROUAIDED FDGES @ rMLF7 d: O U T L E T  
MAX A L L O W A ~ I  G C) = I290 
WTLET VEL, BASFD OU MMAJING ANALYSIS; HO &IlilW?R. 



i .o4A2 
Culvert Design Form 

2 0 CHANNELSHAPE: 

DESIQN FLOWSITAILWATER 
R.I. IYEARSI 

MATERIAL - SHAPE-SIZE-ENTRANCE 

Ill USE OlNB FOR BOX CULVEATS 

15) TW BASED ON DOWN STREAM 18) ELb* EL, t H 4 h, 

SUBSCRIPT DEFINITIONS : 
a. APPROXIUATC 
L CULVERT FACE 
nd. oelen n t r o w r r a  
nt. HLAOWATER IN a t r a  C O N l R a  
he. HLAOWATER I Ounn COWRa. 
I. #LET c a n n a  S L ~ N  
m. OUSLET 
*I. STRLAUILD CU.VERT FACE 

i 

COMMENTS / DISCUSSION : 
sTRAI G H T  #€AD WALLS,  90' TO FLQW 
R O W b  ED EDGES @ lNL €7 & .OU TL €7- 
rVA% ALLOMABLE H W = / 2 74 
OUTLET VEL- BASED Qd P(ANN/HG A A ~ ~ A L Y s ~ '  M 8AUhlR. 

CULVERT BARREL SELECTED : 
S I Z E :  

SHAPE: 

MATERIAL: 

,,,, A ,,,: 





Ire 4.42 
Culvert Deslgn Fom 

L 

PROJECT : SCW E X Pd-A/S/  OM 
/ulA~Tt=cR DRAMAGC 

STATION : DE 7- 150 

SHEET 1 OF 

CULVERT DESIGN FORM 

OESIQNER /DATE : D * s ~ u G ~  / 7 - 2  
REVIEWER /DATE :&STO*Y 19-12-92 

HYDROLOGICAL DATA 

6 .EmOD: H E C I ; C L A R Z .  G Q ~ J / A M P T  
3 ,DRAINAGE A R E A :  0 STREAM SLW€: 

d 
5 0 CHANNELSHAPE: 

ROUTINO: hod PULS 0 OTHER: 

DESION FLOWS/TAILWATER 
R.I. I Y E A R S I  F L O  W l c l ~ I  TW If11 

ROADWAY ELEVATION :- t t t )  

. ~~-2iuL 
CULVERT DESCRIPTION: 

MATERIAL  - SHAPE -SIZE-ENTRANCE 

2 - . ? L ' ~ c P  

. . 

TOTAL 
FLOW 

0 
t c 1  r l  

20 
30 
w 
60' 

8 0  
TECHNICAL FOOTNOTES : 14) ELM* HWjr EQIINVUIT OC II L, lW or Id ,~Dl211 WHICHEVER IS GREATER) 

(I1 USE QlNB FOR BOX CULVERTS INLET CONTROL SECTION) m n=E+ in3 u / R L ~ ~ ] v ' / z ~  

(21 HWI I D *  HW 6 OR W t I D  FROM DESIGN CHARTS (51 TW EASED ON DOWN STREAM to! nho- EL@ t H t ho 
CONTROL OR ROW DEPTH YI 

(31 FALL. HWI -(ELI(- ELr1) 1 FALL IS  ZERO CHANNEL. 
DE 

FLOW 
PER 

BHRD 
O t N  

(1) 

10 
I 5 

2 0  

3~ 
YO 

SUBSCRIPT DEFINITIONS : 
*. APPROXIMATE 
1 CULVERT FACE 
h4. OUlON HE ADIATLll 
hl. HLAOWATER I I N L n  CONTROL 
hr. HEADWATER m m n  c o t m a  
I. NUT c m n a  S E ~ W  
0. OUTLCl 
11. SllltAYBLO AT CULVERT FACL 

COMMENTS I DISCUSSION : 
syR4rG(-/7 HKAL)w+LL ,' 90' T O  FLOW 
ROUNDED EI)G&S @ I N L E T  A OUTLET 
MA-)( ALCOWABLC I z C ) ~ , ~  

OUTLETVE'L, BCtSED Otd & A ~ ~ / ~ ~ G A ~ A L ) / S I S : ~ O W ) C W R  

HEADWATER CAUUATIONS 

- 

CULVERT BARREL SELECTED : 
SIZE: 

SHAPE: 

, M A T E R I A L : , - m k ,  

ENTRANCE: 

% 8  
a E  

E l i  
f Z J  

96,5 
%74 

97,01 
,4697,5bqZ556.9 

INLET CONTROL 

7,S 

k g  
2s 
g s  

&2 
5,v 
6,3 

HWyD 
(2 

, 4 5  
3s. 
.L't 

OUTLET CONTRu COMMENTS 

/NL~TCOAJIW. 
I /  ' I  

1 1  11 

11 I I 

.' 3) = If 
1.04 

IS) 

3FF- 
T 

" 

' 

HWl 

1.35 

1.74 

2.01 
,755~53 

.L 3.12 

F A L L  

/ 
/ 

/ 

/ 

d, EL.1 
(4) 

9 6 3  
96.74 
9 7 ~ 1  
9 7 s  

/ 

ha 
( 6 )  

d%e 
2 

2.10 98.12 LS.0,'L 2.55 

k, 

SC# LE 

0.8 

// 

I I 

-- - 

97,85198,12 

H 

/ . ~ O Z ~ O Z . W O , ~  

E L h o  





ure 4.42 
Culvm Deslgn Fonn 

M4STER DRAINAGE 

R.I. IYEARS) 

MATERIAL - SHAPE -SIZE -ENTRANCE 

. . 

48 

:%d' 

2c 

~ b o ~ ~ ~ ~ ~ f l ~ ~  
YO 

l.m 2.50 

-67 

1, 04 
60 

TECHNICAL FOOTNOTES : 14) ELM- HWjr ELlllNVERT W h, IW a (d,+012)( WHICHMR IS GRUXCR) 
(1) USE OlNB FOR BOX CULVERTS INLET CONTROL SEMON) m H=&+ I.+ L)IIUI]V'I~~ 

(2) HWI I D  HW 6 OR Wt/D FROM DESleN CHARTS 15) TW  BAS^ ON DOWN STREAM $1 EL,,o* EL, r H t ha 
CONTROL OR ROW DEPTH IN 

(3) FALL- HWl -(ELh(- EL,') 8 FALL IS ZERO CHANNEL. 
FOR O( 

2.7'3 

SUBSCRIPT DEFINITIONS : 
a. APPROXIY A n  
t. CULVLRl  FACE 
~ 4 .  DEIMN HEAO~A~OI 
LI. UEADWATER IN m ~ n  c o m a  
he. HEADWATER IN Ounn cowma , 

I. nut cmna S E ~ N  
m. OUTLET 

2,01 

2 3, 

1.48 2.750.2 2.20 

COMMENTS / DISCUSSION : 
STRAI  GH T HEAD WALL; 90' TO FLOW 
ROUNDEh E ~ G G s Q  InILFT ~ S O U T C E T  

M A X .  ALLOh448LE ~ u \ / =  / 2 S 5  

/ 

4,# 

CULVERT B A R R E L  SELEC'TED : 
S I Z E :  

SHAPE: 

, M A T E R I A L : - L ,  

OUREF' V E L  GhsEb ON MfiddIdC' AtJAL\/SK: XI0 W17R 

~stfs$s#8,5 

ENTRANCE: 

83,Ol 

sr1.12 
/ p,w FULL 

b 

95.w 

OF,= 

/,U 

S C ~ , - E  

a.43 

83,0/ 
83,s 
W.12 

56 
6,/ . 
63 

1 1  1 1  

/ N L ~ C O N ~  . . 
w '  I/ 

PSsuric 





: e4.42 
Culven ueslgn Form 

PROJECT : Sew XPA n/S / O u  ' 
M ~ s T E I Z  DRAINAGE 

HYDROLOOICAL DATA , 

,i METHOD: t I E P  1 ,  C L A R K  . ~ R ~ / A E / ~ P T  s 
DRAINAGE A R E A :  STREAM St#'€: C 

9 0 CHANNELSHAPE: 

3 0 ROUTINO: MOB P u L ~  OTHER: 

DESlON FLOWS/TAILWA?ER 

S T A T I O N  : DET 220 CULVERT DESIGN FORM 

SHEET I OF 2 DESIONER /DATE: Dr S f o w l  7~'0y2 
REVIEWER /DATE : 2-92 

EL,,~:-II~) 7 
ROADWAY ELEVATION : 1775127~6) 

I R.I. (YEARS) FLOWIc f r I  TW I f 0  II 

. I TECHNICAL FOOTNOTES : 

tI)  USE QINB FOR BOX CULVEAlS 

U 

14) ELM- HWp ELIIINVERT OF (6; h, TW a (dc*D/Z)(WHICHEVER IS -1 
INLET CONTROL SECTION) m H-E+ r i n 0 2  U / ~ U S ] V * / ~ ~  

CULVERT DESCRIPTION: 
MATERIAL - SHAPE -SIZE - ENTRANCE 

CBC 

1 

I21 HWI I D  . HW ID OR HWIID FROM DESIGN CHARTS (5) TW BASED ON DOWN STREAM (8) Ub* EL, + H * h, 
CONTROL OR ROW DEPTH IN 

13) FALLm HWl - (ELhd- ELmr) 1 FALL IS ZERO CHANNEL. 

TOTAL 
FLOW 

a 
l e t  r l  

zw 
480 

720 

760 
1920 

SUBSCRIPT DEFINITIONS : 
0 .  APPROXIY ATE I. CULVERT FACE 
I(. o a l o n  HEAWAIU 
hi. HEADWATER IN m L n  ConTRm 
LO. nt l iDwAm m ounm c o r n  I. WLET m R a  SECTION 
t. OUTLET 
*I. STREAMBE0 QILVERT FACE 

mow 
PER 
m. 
Q I N  

(11 

5 

10 

15 

20 
YO 

HEADWATER CALCUATlONS 

tdO B A C K U ~ ~ E R  

COMMENTS / DISCUSSION : 
s ~ ~ ~ / & f f r  HBADWLL ; 90' TO FLOW 
ROUIVOED EDGES Q /&LET S O U T L E  7 
hAF ACLOWSBLS H W =  . /270,0 . .. 

OuTLET V R .  OI\I/YAE/hI)/JG4NAL'fSI4: 

INLET CONTROL 

CULVERT BARREL SELECTED : 
SIZE: 

SHAPE: 

MAT ERIAL: CI 
ENTRANCE: 1 

OUTLET COHTROL 

~ w p  (2 

e4O 

#h2 
,62 
1,QO 
It&? 

1. 
IS) 

350 
4,90 

HW, 

1160 
2.52 

3.28 

4.m 
t.76 

FALL E L ~ I  
I4 

dc 

2,30 
170 

/ 

/ 
/ 

/ 

G6U 
6752 
&a28 
67,cO 
71.76 

dc*D 
7- 

3,IS 

h0 
t61 

4,W 
3.85.4.90 

L, 

,2 
2 

H ELho 8 3 ~ :  g g  

SL 
7 2  
S, 3 
9, I 
11:3 

0 3  
2 2 0  

I f  

c 

/r\l&W COd777 
4GSU E 

L ~ L V G ~ T  RILL 

6 3 3  
71.70 

u,& 
6ZR 
&2k 

69.00 
71.76 
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ure 4.42 
Cub,, r Deslgn Form 

PROJECT : SC\nI G X P A ~ S I  o ~ I  
MASTER DRAIlUACF 

Ill USE OINB FOR BOX CULVERTS INLET CONTROL SECTION) m H-E+ ha. (am2 L) /R1=] ~ '12g 

(2) HWl I D -  HW /D OR HWlIO FROM OESl6N CHARTS (5) TW BASED ON DOWN STREAM 18) ELho* ELo r H 4 h, 

(3) FALL* HWI -(ELhd- ELdl I FALL IS ZERO 
CONTROLOR ROW DEPTH W 
CHANNEL. 

FOR CRIoE 

STATION : PET 2 7 0  

SHEET 1 OF 2 

SUBSCRIPT DEFINITIONS : 
a. APPROXIYA~ 
1. CULVERT FACE 
h1. OESlOW HEAWATU 
LI. H~ADWATER r m ~ r r  c o n t n a  
me. H E A D W A ~ R  I(( m n  c o n m a  
I. WET c a n n a  scmon  
e. OuTLEt 
11. STRLAYILD 4 CULVERT FACE 

f 
P 

0 

CULVERT DESIGN FORM 

DESNNERIDATE: D-s mush 7-12-91 
REVIEWER I DATE : -/mi 

OUTLET VEL. BASED OM MAN*IIN6 AML %K IS; NO &MY W R  
L, 

COMMENTS / DISCUSSION : 
$ H W / b  O F F  SCALE U Y N 6  NIY'~ / FT; B0)i HE~GKTuYD 

FOR L O W E R  FLOWS 
STRAIGHT H E A ~ W ~ L L  ; 90' TO F C O ~  
ROOAIDED SDGES @ 8 €7 
~ 4 - x  ALLOWAOLT H W =  1 2 8 5  

P 
HYDROLOGICAL DATA 

/\/ /AIV~@ p METHOD: - I ; C t  ARK. - Gf? ' a DRAINAGE A R E A :  0 STREAM'-: C 
8 CHANNELSHAPE: 
W 

I 0 ~ o u ~ 1 ~ o : f l o D -  &GO OTHER: 

Q E S I Q N  FLOWS/TAlLWATER 
R.I. [YEARSI FLOW(e1s) TW (It) 

CULVERT BARREL SUECTED : 
: 

SHAPE: 

MATERIAL : -8-, 
ENTRANCE: 

L 

ROADWAY ELEVATION : 12815-12%11) 

CULVERT DESCRIPTION: 
MATERIAL - SHAPE -SIZE -ENTRANCE 

/ 
3-  IZ 'X 3 

. a  

I TECHNICAL FOOTNOTES: (4) ELhi. HWtt ELI(INvERT OF 161 h, m or ~ , t  D I Z ) ~  WHICHEVER 6 -1 1 

TOTAL 
FLOW 

0 
I c l r )  

7 9  

180 
360 
SW 
720 

FLOW 
PER 

BIlRa 
011 

11) 

2 

5 
10 
L 5  
20  

HEADWAlER CALCUATlOEIS = z c " 
5 3  

9- 

d 0 
8,s 

f 27 
1q.0 

COMMENTS 

T C O I U T ~ .  
II I )  

'' 11 

INLET C O A ~ .  
1 I I I  

' 
INLET CONTROL 

H w p  12 

'is 
.82 

1, I0 

1.394.17 

. I E ~  
OUTLET CONTRU. g g s  

T *  
IS)  

I( 

I1  

I,? 
I S  

HW, 

.86*36 

1.59 
2,46 

3.30 

d, 

O F ~ ~ S C ~ C E -  

1.90 

Z.WL.~O 

FALL  

/ 

' 
/ 

E L h l  
(4 1 

H81.2 
82.8 

83,4L 

8J.E 
%li 

!@ 
2 

'I 

2AS 

he 
( 6 )  

2.5 

2.70 

he H E L ~ o  !$j 

,2 .50 82.5 

,2 .gg 

gl,kb 

@,a) 

3 4 1  

We% 
~3~~8gs.17 



-1 
- =  0 
w m  o m ,  w = = w '  
W m r -  o m o o  
4 =.-x r 
m m m m  
= o w 0  
w w w m  
4 4 - < - <  : . .  : : : b  . * .  - . .  i i i i p  . . .  . . .  . . '4 : : i s 3  : : : s  
: : i D  . . .  
. . . . - .  
a : : .  : . : :  
0 0  0 0  
?--?-s 
4 - -14 - l  
rn rn r n m  . . i : q  . . : . .  : : : t  . . . . : .- 
. . : u  . . . ;:d& . . . .  . . i t p  
: i n :  $ 
c x 
w  m 
c m  z 
2 n "  . . . .  

: * : :  

I yi i 
i vi I 
i N :  ;  
: x s i  : 
: : c w  : 0 -  . . m m  . . m  
: . z  
i . : . P g  . . . .  . . : . . . .  . . . .  . . . .  . . . .  : . . .  . . . -  . . .  : . . : . : :  . . . .  . . . .  . . . '  . . . .  
. . . a  . . .  : . . . .  . . . .  . . . .  : : :  : '  



HEIGHT OF BOX (0) IN FEET 
I . I I I I t 1 ' 1 '  I - 

"\ 
I , l I [  1  

W L U d, -4 0 (0 - - -  
O ' N  

\ 

\ \ 

RATIO OF DISCHARGE TO WlOTH (Q/B) IN CFS PER, FOOT 
1 ° 1  I I l l l a l l ) ~ l o ~ l  0 1001 I ) , ) , I  I I 1  ' - f o ' l ' o ' ~ l  ' 0 o ' b l ' o I [  8 1 ,  

/ 

b b  i.- P V H H i i B  0. 

4 
a a a  g - - -  - p 

D J o n  ; <Rn 
P m - 0  X D 

F i 6 5 Q s  5 6 
c v r g r 3 :  
- m m  

t 

I 
u 

b 

0 

b 
u 

b 

b 
(* 

o I 
i 

I 0 

i 

I I 

'9 

HEADWA~ER DEPTH .IN TERMS OF HEIT? L H W , ~ )  
I I o I o 1 o 1 n  I I r a  

ir i l  d i m &  ' I " "" 

, , , , , -,,, 

: 
I 0 0 0 I * 1 . 1  I , ,  ' 1  
U h aD ;P 6 A 
I I 1 . 1 '  
b b b - r( "":"": 

I n - ' 

, , 

; :xi- 
n 
N L A A:;!? 
n 
W 

u:':::I:- 



Culverts 

W 

II. 

4 
40 

W 

S sxs m 
3 
0 
U) 

2 " 3x3 

Rgure 4.63 
Head for Concrete Box Culvetts Rowlng Full . 

n = 0.012 

November 1991 165 



164 November 1991 



SCALE ENTRANCE 
0 TYPE 

(2) W-e end with 
hwdmall 

Te umr rcalr (21 at (5) etelmat 
horlzortolly t r  rrr la (I), thmn 
rrr rtrolqht Irrllnrd Ilre throraR 
D and Q mcalra, w ravrrme rr 
lllrmtrotrd. 

EXAMPLE 

Rgure433 
Headwater Depth for Conae$ PIpe Cuhrerls with Inlet Control 

November 1991 155 



ugure4.57 
Head for Con#ete Plpe CuhMs Flowing Full 

Culverts 

0 

for outlet c r a n  not rubmargod. m o d *  MW br 
IMIRoU~ d w i b d  in .ah .  d a 8 i ~  p t w d u n  

November 1991 159 



Closed Condults 

DISCHARGE- Q- CFS 

flgure 4.56 
ClitIcal Depth for Clmler Plpe 
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/ % R o A Q L ~ A Y  C R O S S - S L O P E  
DEPTH 
OF 

FLOW 

0 ~ 3 3  

, P 6 3  

AREA 

6 

I 

Wp 

3 3 , ~ -  

5 

L o N t - l ~ u b l ~ A L  S L b i j €  OF ~ o A Q w A ' ~  

0.2% 0.8% 

/3 

V Q O . V Q V Q Q V  

Z 6  

0.4% 
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29 
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% RoADbJAY CROSS-SLOPE 
DEPTH 
OF 

ROW 

, 0 ~ 3 3  

0 6 3  

AREA 

9,2 

2/,2 

Wp 

&,z 

L:I,z 

Lor*l Gi W ~ I  ~ J A L  S L O ? €  OF Rof fQ~A' f  
d . ~ % ( 0 . 4 %  0 ~ 6 %  

2,2 

308 

25 

W 

20 

8/ 

V 

/4 

5i3 

2 7  

47 

6 

2.7 

&,ti% ~ 2 %  

29 

//5 

35- 

- 

~ 0 %  
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3.1 3,g 

- 

32 

- 

3 , s  
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/ % RoAbbJAY CROSS-SLOPE 
DEPTH 
OF 
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0,s 

8 

AREA 
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Wp 
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4~ 

L O N  GI T U ~ I  N A L  S L o ? €  ~ ~ A Q w A ) '  

0.2% 0 ~ 6 %  w 4 %  
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- 
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ROW 

a 5  

e 

L O N G I T U O I N A L  SLOP€ OF R~AQL\IA)' AREA 

I 8 4 0  

3Ze1 

W~ 

JS 

4.3 

OF 
ROW 

O r 5  

018 

L ~ N G I T U O I N A L  SLOP€ OF ROADWAY 

WP 

49 

? 1 --- , 

AREA 

r 6 r d  ' 

2 6 , b  

~22% 0.6% a4% 

39 

/02 

67 

e 

55 

A 

Z42 

312 

6 6 %  o#e% 

3r7 

L 

0.8% 

3,l 

- 

- 

A 2 %  ~ 2 8 %  o f %  

21 

75 

Q V Q Q V Q V Q Q V  

78 

.I 

37249 

- 

5'2 

C C  
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0% 
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43 

d 
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$7 

# 
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75 
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l***t*******************************I*******I*********** 

* WATER SURFACE PROFILES + 
~ ., * VERSION OF NOVEMBER 1 9 7 6  

UPDATED MAY 1 9 8 4  t 

IBM-PC-XT VERSION AUGUST 1 9 8 5  * 
* RUN DATE 0 7 - 1 8 - 9 2  TIME 13:48:15 * 
*******+*~+r***+***~t*****************t*I************* 

X X XXXXXXX XXXXX 
X X X  X X 
X X X  X 
XXXXXXX XXXX X 
X X X  X 
X X X  X X 
X X XXXXXXX XXXXX 

....................................... 
U.S. ARMY CORPS OF ENGINEERS I 

* THE HYDROLOGIC ENGINEERING CENTER * 
6 0 9  SECOND STREET, SUITE  D t 

+ DAVIS, CALIFORNIA 9 5 6 1 6  t 

* ( 9 1 6 )  4 4 0 - 2 1 0 5  (FTS) 4 4 8 - 2 1 0 5  
....................................... 

XXXXX 
X X 

X 
xxxxx XXXXX 

X 
X 
XXXXXXX 

PAGE 1 

T H I S  RUN EXECUTED 0 7 - 1 8 - 9 2  
t**t******************+****t**********************+ 

HEC2 RELEASE DATED NOV 7 6  UPDATED MAY 1 9 8 4  
ERROR CORR - 01,02,03,04,05,06 
MOOIFICATlON - 50,51,52,53,54,55,56 
IBM-PC-XT VERSION AUGUST 1 9 8 5  .................................................. 

C 
T I  SUN C I T Y  VEST EXPANSION MASTER DRAINAGE REPORT STANLEY CONSULTANTS 
12 DEER VLLY RD CHANNEL AND RATING CURVE FOR DET BASIN 3 3 0  OUTLET 
1 3  OET330 OUTLET/DEER VLLY CHANNEL FILENAME: SCUEHZC DATE: 7-19-92 

J1 ICHECK INQ N INV l D l R  STRT METRIC HVlNS 0 USEL FQ 

J 2  NPROF IPLOT PRFVS XSECV XSECH FN ALLDC 1BU - CHNlM 1 TRACE 

CROSS SECTIONS ORIENTED LEFT TO RIGHT L W K I N C  DOVNSTREAM 

ZERO POINT FOR CROSS SECTION GR STATIONING CORRESPONDS TO LEFT 
END OF CROSS SECTION L I N E  

STARTING UATER SURFACE ELEVATION BASED ON SLOPE-AREA METHOD 
USING ESTIMATED SLOPE OF 0.0015 FT/FT 

XSECTN 8+75 I S  AT EX IST ING DRIVEUAY INTO BODlNE ORCHARD. 
SMALL D IAM CULVERTS UNDER DRIVEWAY ASSUMED HYDRAUCILLY INEFFECTIVE 

.ooo 
132 .000  

.ooo 
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XSECTN 10+00 I S  EAST PROPERTY L I N E  OF EXPANSION AREA 

OUTLET AT DET BASIN  3 3 0  CONSISTS OF SHORT TRAPEZOIDAL CHANNEL 
SECTION. BOTTOM WIDTH RANGES F R W  35FT AT XSECTN 11+30  TO SOFT 
AT XSECTN 11+80. S IDE SLOPES ARE 3H : 1V. 

.0d0 
,000  
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NOTE- ASTERISK (*) AT LEFT OF CROSS-SECTION NUMBER INDICATES MESSAGE I N  SUMMARY OF ERRORS L I S T  

DET330 OUTLET/DEER VLLY 

SUMMARY PRINTOUT TABLE 1 5 0  

SECNO XLCH ELTRD , ELLC ELM1 N P M S E L  CRlUS EG VCH AREA 
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SECNO XLCH ELTRD ELLC ELHIN 9 CUSEL CRlUS EG 

DET330 OUTLET/DEER VLLY 

SUMMARY PRINTCUT TABLE 1 5 0  

SECNO O CWSEL DIFUSP OIFUSX OIFKUS TOPUID XLCH 

VC H AREA .01K 
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SUMMARY OF ERRORS AND SPECIAL NOTES 

CAUTION SECNO= 8 .750  PROFILE= 1 CRITICAL DEPTH ASSUMED 
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L 

T 1 SUN C ITY  WEST EXPANSION MASTER DRAINAGE REPORT STANLEY CONSULTANTS 
T 2  BACKWATER ANALYSIS FOR SOUTHERN-MOST GOLF COURSE CHANNEL 
7 3  SOUTHERN GOLF CHANNEL FILENAME: SWEHZO DATE: 7 - 1 6 - 9 2  

J 1  ICHECK I N P  N INV I D I R  STRT METRIC HVINS P USEL FP 

J2 NPROF IPLOT PRFVS XSECV XSECH FN ALLOC IBW - CHNlM 1 TRACE 

CROSS SECTIONS ORIENTED LEFT TO'RIGHT LOOKING DOWNSTREAM 

ZERO POINT FOR CROSS SECTION GR STATIONING CORRESPONDS TO LEFT 
END OF CROSS SECTION L I N E  (GENERALLY THE NORTH EDGE OF GOLF COURSE) 

CHANNEL CROSS SECTION STATIONING BEGINS AT 10+00 CORRESPONDING TO 
THE PROPOSED CENTERLINE OF DEER VALLEY DRIVE (REALIGNED) 

STARTING WATER SURFACE ELEVATION AT CROSS SECTION 10+65 I S  BASED 
ON MAXIMUM STAGE AT OET22O FROM HEC-1 RUN 1 1 3 8 9 8  
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WATER SURFACE AT XSECTN 27+10  I S  BASED ON MAXIMUM STAGE AT DETlOO 
FROM HEC-1 RUN 1 1 3 8 9 0  

PAGE ' 3 

SECNO DEPTH CWSEL CRIUS USELK EG HV HL OLOSS BANK ELEV 
a QLOB QCH OROB ALOE ACH AROB VOL TWA LEFT/RIGHT 
TIME VLOB VCH VROB XNL XNCH XNR UTN ELMIN SSTA 
SLOPE XLOBL XLCH XLOBR I T R I A L  IDC ICONT CORAR TOPUIO ENDST 

CCHV= . I 0 0  CEHV= .300  
'SECNO 10.650 

CROSS SECTIONS ORIENTED LEFT TO RIGHT LOOKING OOWSTREAM 

ZERO POINT FOR CROSS SECTION GR STATIONING CORRESPONDS TO LEFT 
END OF CROSS SECTION L I N E  (GENERALLY THE NORTH EDGE OF GOLF COURSE) 

CHANNEL CROSS SECTION STATIONING BEGINS AT 10+00  CORRESPONDING TO 
THE PROPOSED CENTERLINE OF DEER VALLEY DRIVE (REALIGNED) 

STARTING WATER SURFACE ELEVATION AT CROSS SECTION 10+65  I S  BASED 
ON MAXIMUM STAGE AT DET220 FROM HEC-1 RUN 1 1 3 8 9 8  

10.65 4.55 1269.55 .OO 1269.55 1269.68 .13 .OO .OO 1278.00 
1400. 0 .  1400.  0. 0. 491.  0. 0. 0. 1276.00 

.OO - 0 0  2.85 .OO .030 .025 .030 .OOO 1265.00 353.00 
.000363 0. 0. 0 .  0 0 0 .OO 120.61 473.61 

0 
FLOV DISTRIBUTION FOR SECNO= 10.65 CUSEL= 1269.55 

STA= 353.  500.  
PER Q= 100.0 



*SECNO 14.500 
14.50 3.71 1269.71 .OO.  .OO 1269.86 -15 .18 .O1 1270.00 
1400. 0. 1400. 0. 0. 447. 0. 4. 1. 1270.00 

.03 .OO 3.13 .OO .030 .025 .030 .OOO 1266.00 171.80 
.000626 375. 385. 395. 2 0 0 .OO 146.04 317.84 

0 
FLOW Dl STR IBUTION FOR SECNO= 14: 50 CUSEL= 1269.71 

STA= 172. 320. 
PER Q= 100.0 
AREA= 447.4 

VEL= 3.1 

SECNO DEPTH CWSEL CRIUS WSELK EG HV HL OLOSS BANK ELEV 
Q QLOB QCH PRO8 ALOE ACH AROB VOL TVA LEFT/RIGHT 
TIME VLOB VCH VROB XNL XNCH XNR UTN ELMIN SSTA 
SLOPE XLOBL XLCH XLOBR ITRIAL IDC ICON1 CORAR TOPVlD ENDST 

'SECNO 19.850 
19.85 2.68 1270.18 .OO .OO 1270.36 .18 .49 .01 
1400. 0. 1400. 0. 0. 407. 0. 9. 3. 

.08 .OO 3.44 .OO .030 .025 .030 .0001267.50 
.001455 535. 535. 535. 2 0 0 .OO 217.13 

0 
FLOW DISTRlBUTlON FOR SECNO= 19.85 CUSEL= 1270.18 

'SECNO 26.100 
26.10 3.31 1271.31 -00 .OO 1271.85 .54 1.38 . I1 
1400. 0. 1400. 0. 0. 237. 0. 14. 6. 
.ll .OO 5.91 .OO .030 .025 .030 .OOO 1268.00 

.003745 625. 625. 625. 3 0 0 .OO 114.11 
0 
FLW DISTRIBUTION FOR SECNO= 26.10 CUSEL= 1271.31 

STA= 52. 210. 
PER P= 100.0 
AREA= 236.9 

VEL= 5.9 

'SECNO 27.100 
WATER EL=XS CARD= 1272.840 

WATER SURFACE AT XSECTN 27+10 I S  BASED ON MAXIMUM STAGE AT DETlOO 
FROM HEC-1 RUN 113898 

27.10 3.84 1272.84 .OO .OO 1273.45 .61 .32 .02 
1400. 0. 1400. 0. 0. 224. 0. 15. 6. 
.ll .OO 6.25 .OO .030 .025 .030 .OOO 1269.00 

.002691 100. 100. 100. 0 0 0 .OO 76.57 
0 

FLOW DISTRIBUTION FOR SECNO= 27.10 CUSEL= 1272.84 
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SECNO DEPTH CUSEL CRlWS WSELK EG HV HL OLOSS BAUK €LEV 
Q QLOB PCH PROB ALOE ACH AROB VOL TUA LEFT/RIGHT 
TIME VLOB VCH VROB XNL XNCH XNR UT N ELMIN SSTA 
SLOPE ,XLOBL XLCH XLOBR ITRIAL IDC ICONT CORAR TOPWIO ENOST 



*SECNO 32.350 
32.35 4.31 1274.31 .OO -00 1274.92 .62 1.47 .OO 1275.00 
1400. 0. 1400. 0. 0. ' 222. 0. 17. 7. 1274.00 

.13 .OO 6.30 .76 .030 .025 .030 ,000 1270.00 59.35 
.002927 540. 525. 520. 2 0 0 .OO 82.93 142.28 

0 
FLOU DISTRIBUTION FOR SECNO= 32.35 ' CUSEL= 1274.31 

STA= 59. 140. 142. 
PER P= 100.0 .O 
AREA= 222.3 .3 
VEL= 6.3 .8 

1400. 0. 1400. 0. 1. 330. 0. 19. 8. 1276.00 
.16 .32 4.24 .OO .030 .025 .030 .OOO 1270.00 28.27 

.000927 350. 340. 335. 2 0 0 .OO 97.70 125.96 
0 

FLOU DISTRIBUTION FOR SECNO= 35.75 CUSEL= 1275.19 

STA= 28. 35. 130. 
PER P= .O 100.0 

AREA= .6 329.9 
VEL= -3 4.2 

'SECNO 40.550 
3685 20 TRIALS ATTEMPTED USEL,CUSEL 
3693 PROBABLE MINIMUM SPECIFIC ENERGY 
3720 CRITICAL DEPTH ASSUMED 

40.55 1.81 1276.31 1276.31 .OO 1276.98 .67 -97 .12 1278.00 
1300. 0. 1300. 0. 0. 197. 0. 22. 9. 1276.00 

.18 .OO 6.58 .OO .030 .025 .030 .OOO 1274.50 103.78 
-008458 480. 480. 480. 20 22 0 .OO 149.33 253.11 

0 
FLOU DISTRIBUTION FOR SECNO= 40.55 CUSEL= 1276.31 

SECNO DEPTH CUSEL CRIUS WSELK EG HV HL OLOSS BANK ELEV 
a GLOB PCH PRO0 ALOE ACH AROB VOL TUA LEFT/RIGHT 
TIME VLOB VCH VROB XNL XNCH XNR UTN ELMIN SSTA 
SLOPE XLOBL XLCH XLOBR ITRIAL IDC ICON1 CORAR TOPUID ENDST 

'SECNO 47.500 
47.50 2.16 1279.16 .OO .OO 1279.38 .22 2.35 .05 1283.00 
1300. 0. 1300. 0. 0. 346. 0. 27. 12. 1281.00 

.23 .OO 3.75 .OO .030 .025 .030 .OOO 1277.00 51.25 
-001808 695. 695. 695. 5 0 0 .OO 191.10 242.35 

0 
FLOU OISTRIBUTION FOR SECNO= 47.50 CWSEL- 1279.16 

STA= 51. 270. 
PER P= 100.0 
AREA= 346.2 
VEL= 3.8 

*SECNO 52.750 
52.75 2.19 1280.19 .OO .OO 1280.54 .34 1.12 -04 1282.00 
1300. 0. 1300. 0. 0. 277. 0. 30. 14. 1283.00 

.26 .OO 4.68 .OO -030 .025 -030 .OOO 1278.00 138.48 
.002549 525. 525. 525. 3 0 0 .OO 141.94 280.42 

0 
FLOW DISTRIBUTION FOR SECNO= 52.75 CUSEL= 1280.19 
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STA- 138. 300. 
PER Q= 100.0 
AREA- 277.5 
VEL= 4.7 



3265 D I V I D E D  FLOU 

3685 20 T R l A L S  ATTEMPTED WSEL,CWSEL 
3693 PROBABLE MINIMUM S P E C I F I C  ENERGY 
3720 C R I T I C A L  DEPTH ASSUMED 

57.55 2.82 1283.12 1283.12 .OO 1283.87 .76 1.81 -12 1285.00 
1300. 200. . 1100. 0. 53. 148. 0. 33. 15. 1285.00 

.28 3.78 7.41 .OO .030 .025 .030 .OOO 1280.30 36.96 
.006170 480. 480. 480. 20 11 0 .OO 133.70 290.58 

0 
FLOU OISTR1BUTION FOR SECNO= 57.55 CVSEL= 1283.12 

STA- 35. 45. 80. 95. 300. 
PER Q= 1.1 12.6 1.7 84.6 

AREA= 5.6 39.0 8.3 148.4 
VEL= 2.6 4.2 2.6 7.4 

SECNO DEPTH CWSEL CRlWS WSELK EG HV H L  OLOSS BANK ELEV 
Q QLOB QCH QROB ALOE ACH AROB VOL TUA LEFT/RIGHT 
T I H E  VLOB VCH VROB XNL XNCH XNR UTN E L M l N  SSTA 
SLOPE XLOBL XLCH XLOBR I T R I A L  I D C  ICONT CORAR TOPUID ENDST 

3301 HV CHANGED MORE THAN H V I N S  

0 
FLOW D I S T R I B U T I O N  FOR SECNO= 63.20 CUSEL= 1285.37 

3301 HV CHANGED MORE THAN H V I N S  

68.90 2.86 1286.56 .OO .OO 1287.27 .71 1.56 .16 1291.00 
1300. 0. 1300. 0. 0. 192. 0. 40. 20. 1290.00 

.35 .OO 6.78 -00 .030 .O25 .030 .000 1283.70 178.79 
,005361 560. 570. 580. 3 0 0 .OO 98.28 277.07 

0 
FLOW O I S T R l B U T l O N  FOR SECNO= 68.90 CWSEL= 1286.56 

.................................................. 
HEC2 RELEASE DATED NOV 76 UPDATED MAY 1986 
ERROR CORR - 01,02,03,04,05,06 
M O D I F I C A T I O N  - 50,51,52,53,56,55,56 
IBM-PC-XT VERSION AUGUST 1985 .................................................. 
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T H I S  RUN EXECUTED 07-16-92 
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SOUTHERN GOLF CHANNEL 

SUMMARY PRlWTOUT TABLE 150 



SECNO 

10.650 

14.500 

19.850 

26.100 

* 27.100 

32.350 

35.750 

* 40.550 

47.500 

52.750 

* 57.550 

63.200 

68.900 

XLCH 

.oo 

385,. 00 

535.00 

625.00 

100.00 

525.00 

340.00 

480.00 

695.00 

525.00 

480.00 

565.00 

570.00 

SOUTHERN GOLF CHANNEL 

SUMMARY PRINTOUT TABLE 

SECNO 

10.650 

14.500 

19.850 

26.100 

* 27.100 

32.350 

35.750 

* 40.550 

47.500 

52.750 

57.550 

63.200 

68.900 

ELTRD 

.oo 

.oo 

.oo 

.oo 

.oo 

.oo 

.oo 

.oo 

.oo 

.oo 

.oo 

.oo 

.oo 

150 

CUSEL 

1269.55 

1269.71 

1270.18 

1271.31 

1272.84 

1274.31 

1275.19 

1276.31 

1279.16 

1280.19 

1283.12 

1285.37 

1286.56 

ELLC 

.oo 

.oo 

.oo 

.oo 

.oo 

.oo 

.oo 

.oo 

.oo 

-00 

.OD 

.oo 

.oo 

D l  FWSP 

.oo 

.oo 

-00 

.oo 

.oo 

.oo 

.oo 

.oo 

.oo 

.oo 

.oo 

.oo 

.oo 

ELMIN 

1265.00 

1266.00 

1267.50 

1268.00 

1269.00 

1270.00 

1270.00 

1274.50 

1277.00 

1278.00 

1280.30 

1283.00 

1283.70 

Dl FWSX 

.oo 

.16 

-47 

1.13 

1.53 

1.47 

.89 

1.12 

2.85 

1.03 

2.92 

2.25 

1.19 

Q 

1400.00 

1400.00 

1400.00 

1400.00 

1400.00 

1400.00 

1400.00 

1300.00 

1300.00 

1300.00 

1300.00 

1300.00 

1300.00 

0 I FKWS 

.oo 

.oo 

.oo 

.oo 

.oo 

.oo 

.oo 

.oo 

.oo 

.oo 

-00 

-00 

.oo 

SUMMARY OF ERRORS AN0 SPECIAL NOTES 

NOTE SECNO= 27.100 PROFILE= I USEL BASED ON X5 CARD 

CUSEL 

1269.55 

1269.71 

1270.18 

1271.31 

1272.84 

1274.31 

1275.19 

1276.31 

1279.16 

1280.19 

1283.12 

1285.37 

1286.56 

TOPWID 

120.61 

146.04 

217.13 

114.11 

76.57 

82.93 

97.70 

149.33 

191.10 

141.94 

133.70 

215.69 

98.28 

CRIUS 

-00 

.oo 

.oo 

.oo 

-00 

.oo 

.oo 

1276.31 

.oo 

.oo 

1283.12 

.oo 

.oo 

XLCH 

.oo 

385 .OO 

535.00 

625.00 

100.00 

525.00 

340.00 

480.00 

695.00 

525.00 

480.00 

565.00 

570.00 

VCH 

2.85 

3.13 

3.44 

5.91 

6.25 

6.30 

4.24 

6.58 

3.75 

4.68 

7.41 

3.49 

6.78 

AREA 

490.53 

447.38 

406.55 

236.87 

223.92 

222.69 

330.55 

197.48 

346.25 

277.48 

201.33 

372.92 

191.72 
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CAUTION SECNO= 40.550 PROFILE= 1 CRITICAL DEPTH ASSUMED 
CAUTION SECNO= 40.550 PROFILE= 1 PROBABLE M I N l M U H  SPECrFlC ENERGY 



CAUTION SECNO= 40.550 PROFILE. 1 2 0  TRIALS ATTEMPTED TO BALANCE WSEL 

CAUTION SECNO= 57.550 PROFILE= 1 CRITICAL DEPTH ASSUMED 
CAUTION SECNO= 57.550 PROFILE. 1 PROBABLE MINIMUM SPECIFIC ENERGY 
CAUTION SECNO= 57.550 PROFILE= 1 2 0  TRIALS ATTEMPTED TO BALANCE WSEL 

.................................................. 
HECZ RELEASE DATED NOV 7 6  UPDATED MAY 1986  
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THIS RUN EXECUTED 0 7 - 1 6 - 9 2  



APPENDIX E 
1977 SUN CITY WEST MASTER DRAINAGE 



Section H 
INTRODUCTION TO 
DRAINAGE MASTER 
PLAN 



Sect ion H 
INTRODUCTION TO 
DRAINAGE MASTER 
PLAN . 

Drainage ana lys i s  has  been conducted f o r  t h e  purposes 
of e v d u a t h g  t h e  e x i s t i n g  condi t ions on and adjacent  t o  the 
Sun Ci ty  W e s t  Phase I s i t e  and the f u t u r e  condi t ions r e l a t i n g  
t o  t he  proposed development o f  t h e  p ro j ec t  si te f o r  t he  con t ro l  
of pe r iod i c  f looding condi t ions which result from a 100 year  
Frequency S t o m .  

From this ana lys i s  a Y f t e r  Drainage Plan has been 
developed cons i s t i ng  of roadways, roadways with cen te r  channels 
and l i n e d  drainage channels t o  c a r r y  t h e  design Frequency S t o m  
away from t h e  proposed development. Once implemented, t h i s  
Plan w i l l  i n s u r e  t h a t  housing cons t ruc t ion  is above flood levels 
f o r  design frequency s torns .  

The study a r e a  contains  approximately 5,687 acres  of 
land wi th in  Township 4 Xorth, Range I West. This land f s  owned 
by t h e  D e l  E. Webb Development Company and is  cu r r en t ly  being 
farmed by s e v e r a l  d i f f e r e n t  p a r t i e s ,  p r imar i ly  Boswell Farms, 
Inc. and a cattle feeding yard (Lizard Acres) operated as 
C i r c l e  One Ranch. The t o t a l  acreage is no t  under c u l t i v a t i o n  
but  v a r i e s  in useage from raw d e s e r t  t o  fallow t o  a g r i c u l t u r a l  
wi th  t he  latter being t h e  primary useage. 

The study a r e a  lies wi th in  t h e  por t ion  of t h e  state 
designated as t he  upper Sonoran Desert and has a l l  of the  
genera l  t e r r a i n  f ea tu re s  usua l ly  assoc ia ted  with a t y p i c a l  
southwestern d e s e r t  region. This c o n s i s t s  of creosote  bushes 
and Saguaro Cactus as the  predominate p l a n t s  on t h e  f l a t s ,  
with Palo Verde and Ironwood trees l i n i n g  the  washes including 
Hesquite bushes which genera l ly  form very dense t h i cke t s  a t  
ends of washes. 

The topography c o n s i s t s  of f l a t  de se r t  p l a i n  s loping 
southeas t  w i t h  t h e  White Tank Xountaias t o  the  west and the  
Wickenburg and Hieroglyphic Xountafns t o  the  north. The 
ileardsley Canal. and proposed Cen t r a l  Arizona P ro j ec t  Canal 



l i e  nor th  of the p ro jec t  s i t e .  In  1956 the  Armp Corps of 
Engineers completed cons t ruc t ion  of a Detention B a s i n  !am 
a s  the  McN&en Dam t o  p ro t ec t  ~ u k e '  Air Force Base from 
flooding by Tr i lby  Wash. The o u t l e t  f o r t h i s  bas in  is an 
e a r t h  l i ned  channel (XcMidcen Dam Outlet  Channel) varying 
in width from 20' t o  50' along the  nor th  s i d e  of t h e  pro- 
j e c t  site. 

The a r e a  is drained by many arroyos and washes 
which discharge i n t o  t h e  Detention Basin o r  Out le t  Channel 
and u l t imate ly  discharge i n t o  t h e  Agua F r i a  a v e r  loca ted  
along the  east s i d e  of t he  p r o j e c t  site. This river along 
with the  o the r  r i v e r s  i n  the Phoenix a r e a  are d ry  and have no 
permanent flow. fn t h e  vicinity of t h e  p ro j ec t  site the Agua 
Fr ia  River banks are reasonably weU defined as a water course 
and a r e  capable of carrpfng sizeable flaws r e s u l t i n g  from high 
i n t e n s i t y  summer storms prevalent  t o  this area. 

The cl imate of t he  a r e a  is t y p i c a l  of t h e  a r i d  
Sonoran Desert. T e q e r a t u r e s  vary from highs near  120° F in 
summer t o  lows below 200 F. in winter.  Long range temperature 
approximates 70° F. 

2.adafal.l. in the  area is usual ly concentrated in tbe  
months of December-Yarch and July-September. Winter s t o m  
a r e  no r sa l ly  the r e s u l t  of t h e  e a s t e r l y  movement of s t o n !  
f r o n t s  a r i s i n g  in t h e  Northern Pac i f ic .  These f r o n t s  pass 
across  the  s t a t e  in cycles  during the  win ter  months and usual ly 
exe r t  t h e i r  madmm in f luence  i n  the higher  e l eva t ions  and along 
t h e  Y~goLlon R i m  Country; however, they a r e  f requent ly  of 
severa l  days' durat ion and may r e s u l t  i n  s i g n i f i c a n t  precipi ta-  
t i o n  wi th in  the  watershed being studied. 

Slmnner storins more o f t en  r e s u l t  from t h e  movement 
of wet air masses northward from the  GuLf  of Mexico t r ave l ing  
general ly  from southwest t o  nor theas t  across  t h e  state. These 
s t o m s  a re . f r equen t ly  of high i n t e n s i t y  and may produce cyclonic 
a c t i v f t y  as w e l l  as l a rge  amounts of p rec ip i t a t i on .  Local thunder- 
storms a r e  a l s o  f requent ly  observed during the  summer and f a l l .  
These general ly  do no t  cover l a r g e  a reas ,  bu t  may r e s u l t  in 
severe loca l ized  f looding due t o  t h e i r  high in t ens i ty .  Floods 
may, of course,  r e s u l t  from any of the tgpes of storms discussed, 
depending on durat ion and- loca t ion  of high i n t e n s i t y  r a i n f a l l .  

S t o m  runoff has been estimated by t h e  S o i l  Conserva- 
t i o n  Service Xethod using p r e c i p i t a t i o n  maps prepared by the  
U.'S. Weather Bureau f o r  t he  S o i l  Consemation Semice .  Values 
of p r e c i p i t a t i o n  were se l ec t ed  from these maps f o r  t he  study 
a rea  f o r  6 hour and 24 hour dura t ion  s tonns of 100 year  fre- 
quency. These values were then converted t o  12, 3, 2 & 1 hour 
r a i l f a l l s  by use of equatioua r e l a t i n g  6 hour and 24 hour dura- 
t ions.  S t o m  runoff q u a n t i t i e s  were then computed by the  TX-20 



Hydrology Program in t h e  s tudy area f o r  100 year  Frequency 
S t o m  of 2 4 ,  12, 6, 3 ,  2 & 1 hour durat ion,  u U i n g  t h e  
appropr ia te  c m e  nunhers of t h e  con t r ibu t ing  drainage areas.  

3 .  DESIGX CRITEXIA 

FROH: Arizona Highway Department - Bridge Division 
"Hydrologic Design f o r  Highway Drainage in Arizona" 

PRECIPITATION (Inches) 

DmCATION 10 yr. Freq. 25 yr. Freq. 50 yr. Freq. 100 yr.  Freq. 
(Hours ) 

* In t e rpo la t ed  values  equa t i sg  6 hour and 24 hour raidalls 
(P hr .  = 1 . 7 7 P  - 0 .77P  1 

2 6 24 

Peak runoff estimate based on 100 Year Frequency Storin of 24 hour 
durat ion.  

Runoff Quan t i t i e s  have been ca lcu la ted  us ing  computer app l i ca t i on  
of t h e  TR-20 Hydrology Program based on Soil Conservation Unft 
hydrograph equat ion f o r  es t imat ing  peak r a t e  of n m o f f :  

g = peak discharge is c f s  

A = Drainage Area i n  square miles 

Q = Runoff volume or' t h e  watershed in Inches 

Tp = Time t o  peak i n  hours 

484 = is a cons tan t  f o r  the  units used 



Time to peak is based on the  following 

Where : 

T = time to  peak in hours 
P 

D = Duration of s t o r p  i n  hours 

= time of concentrat ion in hours -- 
Tc 

- --------- ----. The Runoff volume Q is a funct ian  of the  s t o m  r-all and a . - -  

cume ~umber (a) which is based an a vegetative cover type and demity 

and a hydrologic sail. group. The hydrologic s o i l  group within Sun City 

West and the  surrounding a r e a  is constant  as group C (slow i n f i l t r a t i o n  

r a t e ) .  The cover type and dens i ty  witbin Sun City Vest vlll v a q  coo- 

s ide rab ly  f o r  each drainage area ;  thus the CX w i l l  be based on a weighted 

C3 corresponding t o  the  tirpe of development using the  following values: 

Oi Type of Development 
9 1 Commer c i a 1  Areas 
8 7 Single  Family Housizg Area 
8 3 Aparnnent Complex Area 
8 3 Duplex Ateas 
80 Undeveloped Desert Areas 
74 Golf Course -4reas 



. . 

Section I 
HYDROLOGICAL 
ANALYSIS 





Runoff Q u a n t i t i e s  and Concentration Points  

S to rn ' rynof f  contr ibut ious have been estimated f o r  each 
O f f s i t e  Drainage Area (as shown on P l a t e  18) f o r  a 100 year  Frequency 
S t o m  of 24 hour durat ion.  Runoff quan t i t i e s  f o r  each Drainage Area 
a r e  presented in Table 6. .TR-20 Program routed storm runoff q u a n t i t i e s ,  
a t  ind ica ted  concentrat ion points ,  a r e  presented i n  Table 7. 

Runoff ca l cu la t ions  were based on the  land wi th in  t h e  drainage 
a rea  remaining undeveloped o r  i n  a g r i c u l t u r a l  useage. If o f f s i t e  land 
use changes, i t  will be t h e  r e spons ib i l i t y  of t he  m e r ( s )  of s a i d  land  
t o  increase  t h e  channel s i z e  associated with t h e  proposed Deer Valley 
Road improvement i f  runoff quan t i t i e s  a r e  s u f f i c i e n t l y  increased o r  
cause any f lood of Sun Ci ty  West. 

Onsite Drahage  Area D e s c r i ~ t i o n  

-4s shown by P l a t e  19, t he  drainage a rea  of t h e  p r o j e c t  s i t e  
extends from B e l l  Road t o  Deer Valley Road and from Grand Avenue t o  
E l  U r a g e  Road, containing approxba te ly  9 square 'miles  of area.  This 
land is c u r r e n t l y  i n  varying s tages  of useage ranging from Desert t o  
fal low t o  a g r i c u l t u r a l .  ' The sur face  runoff south of Deer Valley Road 
now is a combination of sur face  sheet  flow and defined washes conveyed 
i n  a sou theas t e r ly  d i rec t ion .  Upon reaching Bell b a d ,  su r f ace  runoff 
is conveyed under t h e  road in a sys tun  of pipe cu lve r t s  and re inforced  

' concrete box cu lve r t s .  

The o v e r a l l  drainage p a t t a m  is in a sou theas t e r lp  d i r e c t i o n  
on a average s lope  of a 0.5' drop per  100 f e e t  hor izonta l  run. The 
e leva t ions  wi th in  t h e  s tudy area range from 1322 in t he  northwest 
corner t o  1176 in t h e  southeast  comer ,  which gives a f a l l  of 146 f e e t  
over t h e  area.  

The e d s t i n g  cover type va r i e s  from Desert Brush t o  agri-  
c u l t u r a l  crop wi th  a d e z s i t y  ran-g from "poor" t o  "good" and ha-dng 
a hydrologic s o i l  group i n  Category "C". Proposed development of t h e  
study a rea  w i l l  inc lude  s i n g l e  family housing, apar tnents ,  golf courses ,  
cemetery, shopping cen te r s ,  recrea t ion  centers  and o ther  commercial 
uses r e s u l t f n g  in varying curve numbers. 

The c e n t r a l  core designated by Drainage Area AA on P l a t e  19 
contdins model housing, apa-ts, a recrea t ion  center  and a golf 
course. The d q u e  f e a t u r a  of t h i s  core is t h a t  i t  wil l  cont r ibu te  
no sur5ace runoff as all t h e  runofr' *dill be s tored  on the  golf course 
o r  i t ' s  lakes  f o r  use  in i r r i g a t i o n  of the golf course. 

The s u r f a c e  runoff ,  with bzprovenents, of the o the r  drainage 
areas  dll be i n  t h e  southeas ta r ly  d i rec t ion .  It is  proposed t h a t  the  
draiaage handling s y s t e a  f o r  the pro jec t  w i l l  use the roadway s p s t m  
netvork, s r a s s  o r  l i n e d  channels and a conbination or' roadways with 
nedian channels t o  t r anspor t  the runoff t o  a discharge point .  Once 
this runoff reaches B e l l  Soad i t  wF11 be conveyed under the  roadway 
in bos cu lve r t s  and co l l ac t ed  on tbe  south s i d e  h a l a r ~ e  channel 
t o  be conveyed e a s t  f o r  discharge i z t o  t5e hgua FrLa mrez chamel .  
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The Master Drainage Plan is based on the  q u a n t i t i e s  and 
c h a r a c t e r i s t i c s  of runoff ,  both within t he  proposed developed new 
community and f r o m  t h e  surrounding area. Presented below is a 
descr ip t ion  of t h e  o n s i t e  and o f f s i t e  drainage a reas  and t h e i r  
assoc ia ted  runoff quan t i t i e s  and poin ts  of storm water discharge 
concentration. 

O f f s i t e  Drainage Area Descriotion 

As s h a m  by P l a t e  18  the  of r ' s i te  drainage a r e a  of t h i s  
study encompasses Sect ions 14, 15 and 16 and p a r t s  of Sect ions 
9,  10, U, 17  and 18 or' Township 4 North, Range 1 West up t o  t h e  
o u t l e t  channel of Mclcken  Dam. This study area i s .mos t ly  undeveloped 
dese r t  land v i t h  a smdU mfs of a g r i c u l t u r a l  row crop w e a g e  by Bodine 
Produce Compauy in Sections 14  and I f .  The type of cover i n  this a r e a  
is considered t o  be  Desert Brush with densi ty  r a t i n g  of "poor" and 
a Hydrologic S o i l  Group C, a l l  a s  described in Arizona Elighway Depart- 
ment Hydrologic Design Ihnual.  

In  add i t i on  t o  t h e  aforementioned sec t ions ,  t he  o f f s i t e  
drainage inc ludes  overflow from MclXicken Dam o u t l e t  channel ranging 
between 4450 c f s  and 14,000 c f s ,  including s i d e  inflows from adjacent  
drainage areas. '  This flow comes d a m  an exctsting wash along the  e a s t  
boundary of Sect ions ll, 14, 23 and 26 before being in te rcepted  by 
Agua Fria River Channel. 

There present ly  e x i s t s  along the  north s i d e  of Deer Valley 
Road an e a r t h  channel of varying depth and width between Reams Road 
and E l  Mirage 2oad. This d i t c h  WU d i v e r t  storm-water runoff from 
the  no r th  Fn an e a s t e r l y  d i r e c t i o n  t o  i t s  in t e r sec t ion  wi th  El Mirzge 
Road Channel Sect ion f o r  conveyance t o  the  A g a a  F r i a  River. The 
e x i s t i n g  d i t c h  sec t ion  h c z e a s e s  i n  width and depth a s  it  proceeds 
eas t .  

The e x i s t i n g  design capaci ty of t h i s  d i t c h  is not  knam a t  
t b i s  time a s  no f i e l d  daca w a s  taken north of Deer Valley Road. This 
d i t c h  will fn t e rcep t  rmor'r' from em defined washes in t h e  a r ea  wit5 
the remainder being in te rce? t ion  of shee t  flow off dese r t  land and 
a g r i c u l t u r a l  land. 



The e n t i r e  p r o j e c t  si te is above t h e  d e l i n e a t e d  Flood Plain 
of t h e  Agua F r i a  River  as shown on Flood P l a i n  Maps prepared by t h e  
Haricopa County Flood Cont ro l  District. 

Runoff Q u a n t i t i e s  and Concentra t ion P o i n t s  

Storm runoff  q u a n t i t i e s  have been es t imated  f o r  each Onsi te  
Drainage Area (as shown on P l a t e  19) f o r  a 100 y e a r  Frequency Storm o f  
24 hour  dura t ion .  Rmoff  q u a n t i t i e s  f o r  each Drainage .&ea are pre- 
sen ted  i n  Tab le  8. The TR-20 Program rou ted  s t o m  runoff  q u a n t i t i e s ,  
a t  i n d i c a t e d  c o n c e n t r a t i o n  p o i n t s ,  are presented In Table  9. 



TABLE 6 

OFF-SITE STORX RUHOFF 

D W A G E  AREA CURVE XDIBER 
(Acres) 

OFF-SITE ROUTES STORM RUNOFF 

CONCEITRATION DRAINAGE TIBE ESTIHATED PEAK BExARKs 
p o r n  AxEi TO RUNOFF 

(Acres) PEBK (cfs) 
(Hours ) 

5 6 550 12.26 718 D.A. A' 
57 ll45 12.50 1315 D.A. A' &B' 
58 1612 12.78 I583 D.A. A~,B'LC~ 
59 1913 12.81 1794 D.A. A' ,B1 ,CthD' 
60 3014 13.21 2381 D.X. A' ,Bf ,Cf ,D'&Zf 



S u n  City West 

L E G E N D  

DRAINAGE CHANNEL FLOW P A T T E R N  
ARTERIAL or COLLECTOR STREET F L O W  PA'TTEEN 
RESIOENTIAL S T R E E T  FLOW P A T T E R N  

EXISTING DRAINAGE CHANNEL FLOW PATTERN 

MAJOR DRAINAGE AREA BOUNDARY 

DRAINAGE SUB-AREA BOUNDARY 
DRAINAGE SUB-AREA DESIGNATION 

CONCENTRATION POINT DESIGNATION 

V ISED.  


