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SECTION 1: INTRODUCTION 

1.1 Background and Purpose 

This pilot study was performed by Entellus, Inc., for PBS&J on behalf of the Flood 

Control District of Maricopa County (District), to refine current methods and 

assumptions used to determine runoff from irrigated farmlands. The work was 

performed as part of the BuckeyeISun Valley Area Drainage Master Study (ADMS), 

which includes large areas of farmlands surrounding the Town of Buckeye. 

Current methods used in Maricopa County assume that agricultural areas are 

completely saturated with irrigation water prior to a storm. This assumption was 

intended to produce a worst case scenario because it results in high estimates of peak 

runoff and volumes and was thought to represent a worst-case scenario for designing 

downstream conveyance facilities. Recently, the District has become concerned that 

the current methodology results in artificially high estimates of runoff because it 

ignores the high retention capability in the irrigated fields. In addition, it was found 

that the assumption of completely saturated fields needed to be revised because 

neither the irrigation infrastructure nor water supplies allow for this condition. 

Overestimating the amount of existing runoff from an area can have undesirable 

consequences. One consequence is that infrastructure constructed to convey runoff 

may be oversized, or overly restrictive (a floodplain or floodway could be artificially 

wider than it needs to be). Another consequence is that if farmlands are converted to 

residential developments, hydrology models may predict that post-development 

runoff will decrease or stay the same. In fact, the amount of runoff is expected to 

increase, and as irrigated land is developed flooding problems downstream would 

increase. 



Since many agricultural areas are being converted to residential or urban land uses, 

overestimating runoff from agricultural areas has significant impacts. This study will 

address this concern by refining current methods and assumptions used to determine 

runoff from agricultural areas in Maricopa County. The current District standards 

were referenced from the Dririnuge Design Manuu1,for Muricopu Cowzty - Hydrology 

(Drufl), November 2003 (Reference I), hereinafter referred to as the Hydrology 

Manual. 

1.2 Study Area 

As shown in Figure 1-1, a pilot study area was selected within the BuckeyeISun 

Valley watershed. This arca was selected because of its diverse variety of agricultural 

scenarios. The study area is about five square miles and is bounded on the north by 

Lower Buckeye Road, on the south by the Buckeye Canal, on the east by Wilson 

Avenue, and on the west by Palo Verde Road. Various crops are grown within this 

area, including barley, alfalfa, soy, cotton, wheat, and corn. Irrigation water is 

supplied by the Roosevelt Irrigation District (RID) via the Roosevelt Canal. Fields 

upstream of the canal are irrigated by pumping water from the canal. Water is 

delivered to downstream fields by a series of header and feeder ditches. 

The pilot study area is almost entirely agricultural Farm lands, but does include three 

dairies and several homes. North of the sr~ldy area there are some abandoned 

agricultural fields and the small residential community of Hopeville. The natural 

drainage pattern is from north to south, and there is minimal offsite drainage from the 

upstream areas because offsite runoff is intercepted by In~erstate 10 and Buckeye 

Flood Relarding Structure #I.  



~ u b n i Y E  SUN VALLEY AREA DRAINAGE STUDY 
@ Pilot Study Area Agricultural Pilot Study 

FIGURE 1-1: PILOT STUDY AREA 



1.3 Study Process 

The study process was originally defined by the Scope of Work for the Buckeye Sun 

Valley ADMS, and later detailed in the Proposed PiIot Study Plan dated April 13, 

2004. These documents are included in Appendix B.1. There were some deviations 

from the specific methods used during the study process, but the overall process did 

not change. The study process included the following major steps: Data Colfection, 

Calibration of Parameters, Modeling of the Pilot Study Area, and Recomnlendations 

for District Methodology Changes. Data was collected from various sources in order 

to determine typical hydrologic characteristics of the fields within the study area. 

Many documents were found that contained data that was useful to the study, and are 

listed in Appendix A. This data was used to calibrate hydrologic parameters. The 

calibrated hydrologic parameters were used to model the pilot study area. Finally, 

recommendations were made on how the District methodology could be modified to 

represent agricultural developments throughout Maricopa County. These processes 

are documented and described further throughout the remainder of this report. The 

final section of this report includes suggestions for further studies into the hydrologic 

modeling of agricultural areas for Maricopa County. 



SECTION 2: DATA COLLECTION 

2.1 Literature Review 

A literature review was performed to obtain data on previous similar studies that 

could be used to verify results and assumptions. Many sources were found that 

contained inibrmation related to agricultural hydrology in general. These sources 

were reviewed and the relevant information was used throughout the study. Very little 

information was found that was specific to the study area. The most relevant sources 

of information found included: 

A lechnical memorandum dated January 14"', 1992 to the Flood Control 

District from Mr. George Sabol (Reference 2). The technical memorandum 

was included in Apperldin BB ofthe 1992 B~lckeye Area Flood Delineatiorz 

Study, (Reference 3). The study was prepared by McLaughlin Kmetty 

Engineers and will be referred to as the MKE Study. Likewise, the previously 

mentioned technical memorandum will be referred to as the MKE Tech Menzo. 

As part of the MKE Study, a lag time expression for modeling agricultural 

fields was developed that was based on Manning's roughness values for sheet 

flow. 

Flood Runoff Analysis by the Corp of Engineers (COE) (Reference 4). The 

initial abstraction for agricultural fields was estimated to be between 0.5 and 

1.0 inches. 

Table 2.1 lists the various reports, articles, books, and studies that were reviewed. 



Table 2.1: Literature Review Summary 

s 
I I Reference I I 

31uuy llllul 
COE - Flood Runuff 1 4 1  for agricult 

Analysis 1 5 inrhec 

Title 
McLaughlirt Kmetcy 

Report 
nL . r. "ngs show that the initial abstractions 

ural fields can range between 0.5 and 

~ u r n b e r '  

2 3  

I ..- L.L".'"" 

e 9 
Entellus' 

Relevant Information 
Lag time expression for agricultural fields based 
on Manning's roughness for overland flows 

Effect ofRairz I~ztensity 1 
on in3ltration nnd 

Surfuce Runoff Rates 
Development and 
Evaluation of a 

Dimensionless Unit 
Hydrograph 

Guidelines for 
Designing ~ ~ r t d  

Eval~iuting Surface 
Irrigatiorz Systems 

U.tirzg Curve N~imbers to 
Determine Baseline 

Values of Green-Ampt 
Effective Hydru~ilic 

Conductivities 
Using Field Scale 

Models to Predict Peak 
Flows on Agricult~ivnl 

Watersheds 
Quantifying Model 

Output Uncertainty Due 
to Spatial Variability of 

Rainfall 
Adjusting lrrigatiun 

Abstraction to Minimize 
the Impact on Stream 

Flow 
See Appendix A for con~plete 

I Supports the assumption that the infiltration and 
characteristics of a field are similar 5 
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7 

8 

9 

10 
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reference information. 

abstraction 
for irrigation and rainfall events 

Study findings show that the SCS method 
overestimates peak flows for agricultural 
watersheds. 

Extensive information on how field efficiency 
tests are performed, how furrow and border 
irrigation is designed, and infiltration 
characteristics of furrow and border irrigated 
fields. 

Develops an expression for estimating hydraulic 
conductivities using SCS curve numbers 

Presents a new methodology for determining 
peak flows from agricultural watersheds (field- 
scale modeling) 

Discusses how the non-homogenous nature of 
rainfall affects the accuracy of runoff models on 
agricultural fields 

Detailed investigation into the determination and 
management of field abstraction and the 
subsequent hydrologic response 



2.2 Irrigation Practices 

The area selected for this study includes surface-irrigated fields using both border and 

furrow configurations. Fields using border irrigation include crops such as alfalfa and 

barley. Fields using furrow irrigation include crops such as cotton and corn. 

Irrigation water is supplied to the area by the RID Canal. There are two main lateral 

ditches that distribute irrigation water to the individual fields. Each field is supplied 

by its own header ditch. During normal irrigation, the downstream gate is closed to 

increase the water surface in the ditch and facilitate delivery of water. Water is 

delivered by opening gates on the side of the canal, or by siphon pipes placed on the 

side of the ditch. The study area uses a recycling tailwater system, where the 

irrigation runoff from one field is discharged into the downstream distribution ditch 

and is available for use somewhere else in the system. The downstream fields use 

tailwater ponds to store water, and in most cases this water is pumped back upstream 

and reused. Most of the fields have a structure at the downstream end to collect the 

tailwater and direct it to downstream distribution ditches. 

The irrigation schedule within the study area is not rigid, and the individual farmers 

have the ability to order water depending on their particular needs. However, there 

are limitations to the amount of water available and how much water the system can 

actually deliver. Based on surveys fmm farmers in the study area, the water supply 

and delivery system limits the amount available for irrigation, and results in some 

fields not being planted or being left in fallow. When fields are in fallow or are not 

planted, they are not irrigated and the soil moisture conditions become dry. According 

to farmers, typically about I out of 10 fields are typically in fallow or not planted. 

The farmers also indicated that the capacity of the distribution system doesn't allow 

them to keep more than 113 of their fields saturated at any given time. Information 

collected from farmers and water masters is included in Appendix B.2. In order to 

better estimate how irrigation practices affect typical soil moisture conditions, future 



studies should include soil sampling and tests. Further discussion regarding 

recommendations for future studies is included in Section 6. 

The rest of the Buckeye area, outside of the pilot study area, is either supplied by the 

RID Canal or the Buckeye Canal, and would have similar limitations and be irrigated 

in a very similar way. The operation of this syslem is typical of most of the 

agricultural areas in Maricopa County, although each system has unique 

characteristics. For example, some suppliers with surface water sources have more 

rigorous water delivery schedules, while others use groundwater that allows more 

flexibility in scheduling irrigation. 

Water in Maricopa County is scarce and often relatively expensive. As such, most 

irrigation practices are geared to make the most of the available supply and it is a 

common practice to minimize inefficiencies. Typically tailwater is either re- 

circulated or not allowed to leave the fields. This was observed in the study area and 

is typical throughout the County. 

Surface irrigation is the mosl common irrigation practice throughout Maricopa 

County. However, there are some areas that are sprinkle irrigated. This type of 

irrigation usually uses underground pressurized delivery pipe networks and does not 

have the canal network typical of surface irrigation. Therefore, runoff may move 

more freely in agricultural areas with sprinkler irrigation. Typically, sprinkle 

irrigated areas do not have a tailwater system but are configured to retain the 

irrigation water. The results of this study may or may not be applicable to these types 

of irrigation practices, and the current District methodology (except for the adjusted 

DTHETA value), may be more applicable. It is not expected that the DTHETA value 

would change in sprinkler irrigated fields because the moisture content of the soil is 

ultimately limited by the supply of water, which would be the same regardless of 

sprinkler or surface irrigation. 



2.3 Crop Rotation 

The Buckeye agricultural area grows several different crops. The most prevalent 

crops observed in the area are: 

Alfalfa 

Wheat 

Barley 

Cotton 

Corn 

SOY 

Fields in the study area are rotated among these crops depending on demand, water 

availability, and season. A typical alfalfa field is maintained for approxin~ately five 

years before it needs to be replanted. The other crops can be rotated each harvest 

season. Typically, fields need to be rotated to maintain crop yield and it is a typical 

practice through Maricopa County. Photographs of various crops and irrigation 

infrastructure throughout the study area have been included in Appendix B.5. 

2.4 Observed Conditions 

The Buckeye area is irrigated from water mainly supplied by one of the two main 

canal companies. The distribution system consists of an interconnected network of 

canals. The distribution system canals are, for the most part, above-ground concrete 

lined canals and appear to be in good condition. The fields are typically lower than 

the sul-rounding ground and are enclosed by berms ranging from 8 inches to 3 feet. 

The weakest part of the infrastructure is the berm at the end of the fields. Most of the 

fields have an adequate berm at the downstream end of the field to retain significanl 

volumes of water. However, a few of the fields have berms that did not appear to be 

able to withstand a significant amount of flow. Even though these berms did not have 

the capability to hold the excess water, in most cases the runoff would cross the road 

and spill into the downstream distribution ditch. 



The study area contains many irrigation and tailwater ditches. These ditches have the 

ability to move irrigation flow and runoff in and out of the study area. Because the 

area uses a tailwater recirculation system, runoff from offsite fields could enter the 

canals or ditches, and flow into the study area. Conversely, flow from the study area 

could be carried away by the irrigation ditches and flow into a field several miles 

away. For this study it was assumed that the affects of water entering the system and 

leaving the system would offset each other. 

2.5 Hydrologic Data 

There were no measurements of rainfall runoff available in the area. However, the 

BuckeyeISun Valley National Resources Conservation District (NRCD) collected 

irrigation efficiency data for several fields within the study area that included 

measurements of irrigation flows, tailwater volurnes and timing. These 

measurements were the main source of hydrologic data used in the study. Privacy 

issues prevented the NRCD from providing detailed efficiency test records to the 

study team. However, the NRCD did provide three sampled test records for fields 

within the study that it said were representative of most fields in the area. The NRCD 

field efficiency tests were performed on a lengthwise strip of each field, referred to as 

a set. The sets covered the entire length of the fields, but only a portion of the fields' 

widths. One set from each field was recorded by the NRCD. The test records have 

been reproduced and included in Appendix B.4. 

The general information related to irrigation and runoff included in the efficiency 

tests appeared to be consistent with observed data and information collected from 

farmers. The specific results of the NRCD data (peak runoff, runoff volume, and 

advance time) tended to vary for the three obtained test records. The main differences 

in the data appeared to be related to how the fields were irrigated (furrow or border). 

The limited amount of data that was available did not allow for distinctions to be 

made based on crop types. 



SECTION 3: CALIBRATION OF PARAMETERS 

The goal of the calibration process was to develop modeling parameters and 

techniques that represented the pilot study area based on information gathered during 

the data collection process. The first step was to select parameters to be calibrated. 

The parameters chosen for calibration were those that could be related directly to the 

physical conditions observed in the fields and were: lag lime, soil moisture deficit, 

and initial abstraction. Data observed from three field sets were used to determine lag 

times and initial abstractions. 

The lag time was calibrated based on irrigation advance times obtained from the 

NRCD data. It was found that by using a modified Kn value in the District's lag time 

equation, the lag times estimated using the observed advance times could be 

reproduced. The resulting Kn values were reasonable, and an average Kn value was 

determined using the three observed sets. 

In the District methodology, the volume of runoff is determined using the Green and 

Ampt equation and the initial abstraction (IA). The Green and Ampt equation 

accounts for infiltration and rainfall losses, while the initial abstraction accounts for 

surface retention, canopy interception, and other losses. Using the observed runoff 

volume from the NRCD sets, the initial abstraction was calibrated. An average initial 

abstraction value for the observed field sets was estimated using a Green and Ampt 

based runoff model referred to as the Observed Sets Model. 

In order to account for the typical initial soil moisture deficit of the fields within the 

study area, an average DTHETA value was estimated using data collected from 

farmers, water masters, and the NRCD. 



The calibrated parameters for the sets (IA, DTHETA, Kn) were applied to a complete 

field. Typically, in the types of hydrologic analysis undertaken by the District, single 

fields are too small to be rnodeled as subbasins. Therefore, further adjustment and 

calibration were required in order to model groups of fields. Two models were 

developed that simulated a typical system of fields subjected to rainfall events. The 

first model, referred to as System Model 1, used the parameters developed for 

individual fields to model a system of ten fields modeled as ten subbasins. Each 

subbasin was routed through the next downslrearn subbasin, where the outflow was 

combined and routed through the next downstream subbasin. The model continued 

this process until the last subbasin was reached, where an outflow hydrograph was 

estimated. This arrangement of subbasins and routes represented the systems of fields 

and drainage infrastructure typical throughout the study area. 

The second model, referred to as System Model 2, modeled the same system of fields 

as a single subbasin. The inilia1 abstraction and Kn values used in the second model 

were adjusted until the outflow hydrograph matched the outflow hydrograph from 

System Model 1. The resulting initial abstraction and Kn values were assumed to be 

representative of typical systems of fields throughout the study area. 

The calibration process and results are discussed further throughout the remainder of 

this section, and are illustrated in Figure 3-1. 
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3.1 Calibration of Kn for Observed NRCD Sets/lndividual Fields 

The NRCD field observations were utilized to develop lag times for individual 

agricultural fields. The lag time estimates were based on observed advance times 

through the observed field sets. The advance time was defined as the time elapsed 

between the start of the irrigation event and the occurrence of measurable tailwater 

runoff. The field efficiency lests by the NRCD showed the advance times for the 

sampled sets, and have been included in Appendix B.4. 

Key Assumption 1: It was ~~ss~irned that the time it takes Pvuter to move through the 

field will be similarjbr both irrigation events and storm events. T h ~ u ,  the times of 

concentmlioiz for the fields were clssumed to be the same us the observed irrigation 

advance times. 

With the limes of concentration assumed to equal the observed advance times, the 

observed lag time was estimated using Equation 15.3 from the National Resources 

Soil Conservation Service, National E~zgirzeerirzg Hundbook - Section 4: Hydrology 

(Reference 12), hereinafter called the NRCS NEW, shown below: 

Lag Time = 0.6 x Time of Concentration 

This equation is typically used to estimate lag tinies when the time of concentration is 

known. Using the assumptions described above, Equutionl5.3 translates to: 

Lag Time = 0.6 x Observed Advance Time 

The District uses an empirical equation to estimate lag limes. This equation relates 

parameters such as watershed slope, roughness and length to the lag time. The 

current District lag time equation is shown below: 



District Lag Time Equation 

Where: 

L = lag time, in hours 

LFP = length of longest watercourse, in miles 

LC, = length along the watercourse slope to a point opposite the centroid, in miles 

S = watercourse slope, in feedmile 

m = .38 (Corp of Engineers), m = .33 (USBR), m = .38 (Used for this Study) 

p = 0.5 (District Manual) 

Kn = Estimated mean Manning's n for all channels within an area = .10 (Average 

Value Recommended in District Manual for Agricultural Areas) 

CI  = 24 (Corp of Engineers), Cl = 26 (USBR), CI  = 24 (Used for this Study) 

For each NRCD observed set, the Kn value was adjusted until the District's lag time 

equation reproduced the lag times estimated using the advance times from the NRCD 

data. The Kn values were averaged in order to determine a typical Kn value 

representative of the sampled NRCD field sets. Table 3.1 shows the observed 

advance times, estimated lag times, and corresponding Kn values. 

Key Assumption 2: The calibrated vulues of Kn for the NRCD sets can be used to 

model a complete field. 

This was considered a reasonable assumption because Kn represents the average 

subbasin roughness which would be the same for all sets within a field. 



Table 3.1: Kn for Observed Field Sets/ Individual Fields 

' ~ a g  Time = 0.6 x Observed Advance Time 
f 

Field 
Set ID 

00-34 

I I I 

'The average Kn value shown is for individual fields only. The Kn value was adjus~ed further in 
order to account for lactors associated with systems of typical fields. 

Lag Time' 
(hrs) 
0.81 

Observed 
Advance 

Time (hrs) 
1.35 

Average Kn for Observed Field setsZ 

It should be noted that the average Kn value shown in Table 3.1 was used to estimate 

lag times for individual fields modeled as single subbasins. 

Kn Calibrated Using 
District Lag Time 

Equation and NRCD 
Advance Time 

(hrs) 
0.19 

0.24 

Since hydrology models are not usually created with fields modeled as individual 

subbasins, it was necessary to evaluate and adjust the average Kn value further. The 

average Kn value from Table 3.1 was used along with other adjusted parameters in 

order to model a typical system of interconnected fields. Further adjustments made to 

the Kn value and other paranleters, and arc discussed in Section 3.4. 

3.2 Calibration of Initial Abstraction for Observed SetsIIndividual Fields 

The Observed Sets Model was developed to reproduce the observed volun~e of runoff 

recorded by the NRCD. Observed runoff volumes from test sets of three different 

fields were used. Two of the NRCD test sets were from fields with furrow irrigated 

crops, and one was from a field with border irrigated crops. 



Key Assumption 3: It was assumed that the volume lost to iizfi'lfuution and suvface 

retention during urz irrig~ltiorz event cvould be similur to volume losses resultingfrorn 

LL rui~zfall event. 

Entellus found supporting research to the key assun~ption stated above in the 

following article: American Society of Agricultural Engineers, Advances irz 

Infiltration - Proceedirzgs of the Natiunctl Corqerelzce on Advnrzces in Infiltrution, 

Efect of Rain Intensity on I~aJltratiun und Surjiace Runoff Rates, Akan and Yen, 

December, 1983 (Reference 5). One of the article's conclusions stated that: 

"If the rain d~trtition is sujjiciently long and the water table is low, tlze 

fi~aal ir~iltrubility o f u  homogellous soil and the total volume of infiltrated 

welter clo not cleperzd on the ruin intensity. " Akan and Yen 1983 

Since the abstraction and infiltration parameters are not adjusted for various storm 

frequencies, durations, and distributions, il follows that they will not change 

significantly for an irrigation event. 

The Green and Ampt parameters used in the Observed Sefs Model were initially 

estimated using the District's current methodology. The NRCD observatior~s ir~cluded 

detailed soil descriptions for each test set and were used to determine the District- 

recommended values of the XKSAT and PSIF for each set. 

Typically, fields are not irrigated when they are saturated, nor are they allowed to dry. 

Therefore, it was assumed that the sampled fields were at normal moisture conditions 

at the beginning of observed irrigation events, and DTHETA was set to the District- 

recommended value for nornial saturation conditions for the particular soil type in 

each field. The only soil losses pwameter adjusted during this calibration process was 

the initial abstraction. 



The model was run, and the estimated runoff volumes were compared to those 

recorded by the NRCD. Adjustments were then made to the initial abstraction values 

until the volume fro111 the Observed Sets Modekwere close to those recorded by the 

NRCD. Calibration of the initial abstraction using the Observed Sets Model is 

documented in Appendix D.I. 

Special modeling procedures were used to deternline the initial abstraction for the 

furrow fields. These procedures accounted for the irrigation water only inundating the 

furrow channels, and are discussed in Section 3.7.5. 

Table 3.2: IA Calibration for Observed SetsAndividual Fields 

e 

mu he typical values for DTHEXA, PSIF, and XKSAT will vary based oo soil types. The IA for typical fields was 
assumed to be the lower quartile limit of the calibrated IA values. 

As shown on Table 3.2, the calibration of the Observed Sets Mudel to reproduce the 

observed runoff volumes resulted in a wide range of initial abstraction values. The 

typical initial abstraction value set to the lower quartile limit of the initial abstraction 

values estimated for each observed field set. The lower quartile limit was used 

because lower initial abstraction values would produce a larger amount of runoff and 

therefore could be considered to be a conservative estimate based on observed data. 



Key Assumption 4: Tlze c~llibrated value ofIAfou the NKCD sets is the silrnefor 

individual sets us it is jur (1 complete field. 

The typical IA value from Table 3.2 was used along with other adjusted parameters 

in order to model a typical system of interconnected fields. Further adjustments made 

to the LA value and other parameters, and are discussed in Section 3.4. 

3.3 Typical Antecedent Soil Moisture Deficit 

The Hydrology Marzu~~l recommends using modeling parameters for agricultural areas 

that reflect completely saturated conditions. 'This assumption was made because the 

agricultural fields experience frequent irrigation. However, irrigation practices 

actually result in field saturation conditions ranging from completely dry (fallow), to 

completely saturated (irririgated). At any given time, most fields are somewhere in- 

between the two extremes. The moisture condition of fields is directly related to 

irrigation practices. Information collected from farmers and the Roosevelt Irrigation 

District was used to determine a typical distribution of irrigation water (moisture 

conditions) throughout the study area. The farmer surveys are included in Appendix 

B.2. Table 3.3 shows how this distribution was incorporated into the system models. 



Table 3.3: Typical Field Moisture Conditions 

3.4 Calibration of Parameters to Represent Typical Systems 

Normal 

Wet 

Irrigated 

Typical 

Most hydrology models are configured using a scale that does not allow individual 

Field 
Moisture 
Condition 

Dry 

fields to be modeled as independent subbasins. Subbasins are typically delineated 

with groups of fields included within them. Therefore, the hydrologic parameters 

calibrated for single fields required additional adjustments to represent groups of 

fields. Modeling the fields as groups of fields involved accounting for additional 

DTHETA' 

0.35 

Description 
Field has been harvested or is not currently 

being grown, and therefore has no1 been 
irrigated for a significant amount of time. 

'The values lor DTHETA shown are ibr typical soil types present in the pilul  study area. 
' ~ r o m  firmer surveys 

Field has not been irrigated recently. 

Field has been irrigated recently 
(within 3 - 5 days). 

Field is being irrigated 
Overall Conditions Within Pilot Study 

Area 

factors that were not applicable to individual fields: 

Typical 
Percent of 

FieldsZ 

10% 

Runoff moving frorn field to field (flow routing) 

0.25 

0.0 

0.0 

0.19 

Typical crop distributions 

60% 

20% 

10% 

100% 

In order to account for the factors above, two additional calibration models were 

created: System Model 1 and System Model 2. 

System Model 1 simulates runoff from ten typical fields that were modeled as 

individual subbasins using the parameters calibrated for the NRCD observed sets to 

model rainfall losses. These parameters included the lag time (average Kn value for 

Q 
Entellus" 



individual fields) and ihe initial abstraction. Flows from the individual fields were 

routed and combined as appropriate for the configurations of typical systems 

observed in the study area. 

The peak flow and runoff volume estimated using System Model 1 were used to 

further calibrate the initial abstraction and lag time used to model a system of fields 

as a single subbasin. The lag time was calibrated by adjusting the Kn variable. System 

Model 2 was created with the same system of fields modeled by System Model I. 

However, System Model 2 modeled the system of fields and routes as a single 

subbasin. The initial abstraction used in System Model 2, was adjusted until the runoff 

volume matched the System Model I. The lag tirne used in System Model 2 was 

adjusted until the peak flow matched the System Model 1. This process resulted in Kn 

and initial abstraction values that could be used to model agricultural systems similar 

to those found in the study area. The results of the calibration are documented in 

Section 3.4.4. 

3.4.1 Field Runoff Routing 

In Sy.stem Model 1, the outflow from each field was routed through the next 

downstream field using the normal depth method. It is noted that irrigation 

headers could carry outflow from the fields to locations outside of the 

modeled system. However, it is just as likely that runofffrolrl fields outside 

the system will be brought into fields within the system via the same means. 

Therefore, it was assumed that generally the inflows and outflows traveling 

between systems via the ditches will cancel out. The field-to-field routes are 

documented in Appendix C.1. 

Survey data was collected in order to verify the flow routing used in System 

Model 1. The survey notes have been reproduced and included in Appendix 

B.6. The point files are included electronically in Appendix F. 



3.4.2 Typical Crop Distribution Scenarios 

There are various types of crops grown throughout the study area. Based on 

the method of irrigation used for them, the crops were classified into two 

groups, border or furrow, as discussed in Section 2.2. In order to determine 

how varying percentages of furrow and border crops within an agricultural 

area could affect runoff from the area, three typical crop distributions were 

developed: all furrow crops, all border crops, and a mix between border and 

furrow crops. Systenz Model 1 included grouped systems representing the 

three crop distribution scenarios modeled using the 100-year 6-hour storm and 

the results are shown in Table 3.4. 

Table 3.4: Typical Crop Distribution Scenarios Results 

I SCEN3 I Mixed I 5 1 5 / 240 1 80 1 
* 

Each of the three scenarios was modeled with one of the ten fields being 

irrigated when the storm occurred. It was found that the field being irrigated 

was the controlling factor in the amount of runoff from the systems. Because 

border irrigated fields are irrigated at a higher intensity than furrow irrigated 

fields, the "all border" scenario produced more runoff than the "all furrow" 

scenario. The "mixed" scenario produced the same amount of runoff as the 

"all border" scenario because the field modeled as receiving irrigation when 

the storm occurred was border irrigated. The type of field that was being 

irrigated when the storm occurred was the only factor that caused the runoff to 

vary because the typical loss para~ueters developed in Sections 3.1 - 3.3 were 

Scenario 
Name 

SCENl 

SCEN2 

Description 

All Border 

All Furrow 

# of Border 
Fields 

10 

0 

# of Furrow 
Fields 

0 

10 

Peak Flow 
(cfs) 
240 

200 

Runoff 
Volume 
(ac ft) 

80 

63 



used h r  all of the scenarios. 

The mixed border and furrow crop scenario is the most likely scenario 

encountered when modeling systems of fields throughout the project area. 

Therefore, when adjusting the modeling parameters to account for various 

crop distributions, the mixed crop scenario (SCEN3) was used. 

3.4.3 Precipitation Input Used for Calibration Models 

The precipitation data used in the calibration of the individual NRCD sets 

(Observed Sets Model) represented irrigation water. However, once the 

calibrated values from the irrigation events were obtained, all subsequent 

calibration models used the typical Maricopa County 6-hour distribution and 

the 100-year rainfall depth determined using the 1973 NOAA Atlas 2 

(Reference 13). The only exceptions to this were manipulations of the 

distribution and depth to account for fields being irrigated at the time of the 

storm. 

Data from the NRCD field efficiency tests was used to develop the 

precipitation data used in the Observed Sets Model. The NRCD field 

efficiency tests reporled the total depth of irrigation water and the time period 

over which it was applied. As mentioned in Section 3, the NRCD categorized 

the fields in the area as either being furrow or border irrigated. The sampled 

fields with furrow irrigation had about 6 inches of water applied to the fields 

over about 12 hours. The sampled border irrigated field had about 6 inches of 

water applied to the field in about 2 hours. For the calibration of the observed 

NRCD sets, a cumulative precipitation distribution with a constant rate of 

increase was used to model the irrigation inflow into the fields. 

The models developed to calibrate parameters for typical systems of fields 



(System Model 1 U I Z ~  System Model 2 )  used the District's 6-hour rainfall 

distribution and the 100-year rainfall depth fiom the NOAA Atlas. System 

Model 1 included modified rainfall data for one of the ten fields to simulate 

the field being irrigated. The rainfall data used in System Model 2 was not 

modified to represent one of the ten fields being irrigated. Instead, the initial 

abstraction and Kn values were adjusted to account for the field being 

irrigated. 

For the field where it was necessary to model the effects of rainfall and 

irrigation occurring simultaneously, a combined distribution was created. The 

combined distribution was created by adding the irrigation inflows to the 

rainfall precipitations. For the 12-hour irrigation event (furrow) occurring 

during the 6-hour storm, the irrigation that could have occurred before the 

storm began was accounted for by adjusting the antecedent moisture 

conditions to "wet." For border irrigated fields, the irrigation event was 

centered about the most intense portion of the rainfall event. 'The development 

of the precipitation data is documented in Appendix C.2. Various problems 

associated with modeling irrigation events as rainfall are addressed in Section 

3.5. 

3.4.4 S-Graphs and Unit Hydrographs Used For Calibration Models 

Originally, the calibration models were developed in order to reproduce peak 

flows and volumes observed from irrigation events (NRCD sets data). The 

models included unit hydrographs developed using the District's S-Graph 

methodology. It was later decided thal using the unit hydrograph to model 

peak flows in response to irrigation events could not be justified because the 

irrigation water was not uniformly applied over the field area. However, the 

calibration models were still used to model the runoff volumes because the 

runoff volumes are unaffected by the unit hydrographs. 

The unit hydrographs were not removed from the NRCD sets calibration 



models because the models could not run without them. Therefore, the unit 

hydrographs included in the NRCD sets calibratioi~ models may not be 

applicable to modeling irrigation events, but had no impact on the study 

results because they were not used to estimate peak flows or hydrograph 

timing. The unit hydrographsincluded in the calibration models are 

documented in Appendix C.3. Various problems associated with modeling 

irrigation events as rainfall are addressed in Section 3.5. 

3.4.5 Calibration Results of Parameters to Represent Typical Systems 

The initial abstraction and lag times in System Model 2 were adjusted until the 

runoff volume and peak flow were within 10% of those from System Model I .  

Table 3.5 summarizes the calibration results, and the process is documented 

in Appendix D.2. 

Table 3.5: Results for Calibration of Parameters to Represent Typical Systems 

The calibration results showed that the inilia1 abstraction used to model a sysicrri of 

fields as a single subbasin was smaller than the initial abstraction used to model the 

Model Name 
System of Fields Modeled 
with Fields as Individual 

Subbasins (System Model I )  
System of Fields Modeled 

as a Single Subbasin 
(System Model 2) 

same system of fields with the fields modeled as individual subbasins. This was 

because the single basin included the effects of irrigation water being applied during 

the rainfall event. Therefore, the additional volume of water supplied to the system 

I A 
(in) 

2.0 

1.0 

from the irrigation was accounted for by decreasing the initial abstraction. 

Area of 
Subbasins 
(sq-miles) 

0.13 

1.25 

The calibration results also showed that the Kn value used to model the system of 

Number 
of 

Subbasins 

10 

I 

DTHETA 

0.19 

0.19 

Kn 

0.24 

0.20 

Lag 
Time 
(hrs) 

2.2 

3.0 

- 



fields as a single subbasin was smaller than the Kn value used to model the same 

system of fields with the fields modeled as individual subbasins. This can be 

explained by the effec~ that routing and combining runoff through the system of fields 

had. As runoff moved throughout the system of fields modeled as individual 

subbasins, the flow in the routes continued Lo increase. The increased flow through 

the routes caused the velocities to increase. In order to account for the increase in 

velocities in the system when it was modeled as a single subbasin without routes, the 

Kn value was decreased. 

3.5 Special Problems Encountered During the Calibration Process 

3.5.1 Consideration of Curve Number Methodology 

At the time of this study, there was no recorded data from storm events 

available to calibrate modeling parameters. Instead, NRCD Field Efficiency 

Tests that documented irrigation events and the resulting outflow fkom fields 

w c ~ e  used to calibrate the modeling parameters. It was assumed that the 

adjusted volunie parameters would not change as a result of storm 

precipitation. Originally, curve numbers were used because they were 

specifically developed for agricultural conditions and could be easily adjusted 

to represent varying conditions. 

The curve numbers that generated irrigation runoff comparable to observed 

data from the fields were much lower than those recommended in the TR-55. 

Literary research found in Develupmerzf and Eval~lution of a Dirnerzsiorzless 

Unit HydrogrcipI~, Bruce Wilson and William Brown, Water Resources 

Bulletin, Vol. 28, No. 2, American Water Resources Association, April 1992 

(Reference 6), suggests that the SCS methodology may be over-conservative 

in that it could drastically overestimate the peak flows for at least some 

agricultural watersheds. The article has been reproduced and is included in 

Appendix B.3.This study utilized 142 rainfall-runoff events from 25 different 



agricultural watersheds to develop a synthetic unit hydrograph. Outflow 

estimated using the calibrated unit hydrograph was compared to outflow 

generated using the SCS method, and was found to be significantly lower. 

Therefore, the SCS method resulted in much higher flow rates than expected. 

Despite the explanation given above, in the case of this study, the cause of the 

unexpected results was potentially not the curve numbers themselves, but 

errors caused by using the unit hydrograph to model irrigation events. Since 

the unit hydrographs may not be adequate for determining peak flows caused 

by irrigation events, ihe calibration of curve numbers using peak flows was 

abandoned. Green and Ampt parameters were selected for use instead of the 

curve numbers because they offered more controlling variables to help 

calibrate the runoff volume. 

3.5.2 Calibration of DTHETA 

The original attempts to calibrate the Green and Ampt parameters were made 

by adjusting the DTHETA and IA parameters. It was thought that adjusting 

these parameters would be the ideal method to reproduce the peak runoff, 

peak volume, and time to peak for each observed set. After many iterations, 

pal-ameters were developed that could reproduce the peak runoff and peak 

volumes observed by the NRCD. However, as described below, the resulting 

DTHETA parameter was not reasonable. 

It was assumed that the observed sets were tested when the fields were in a 

"normal" state of saturation. Therefore, it would be necessary to adjust the 

calibrated parameters in order to model fields in other saturation states such as 

"dry" or "wet." The various states of saturation are usually represented by a 

range of DTHETA values. DTHETA is set to zero when modeling a surface 

that is completely saturated. 

The iuitial calibration process resulted in DTHETA values of zero, which was 



not reasonable because the fields were not saturated. Furthennore, the 

DTHETA value could not be adjusted to represent various moisture conditions 

because it was already set to zero (saturated). This problem was overcome by 

recalibrating the observed sets using DTHETA set to the District 

recommended value ibr "normal" moisture conditions, and only adjusting the 

IA parameter. DTHETA was estimated based on either physical conditions 

(normal for NRCD sets), or expected typical conditions (10% dry, 30% wet, 

60% normal). 

3.5.3 Applicability of Unit Hydrograph to Irrigation Modeling 

There were concerns regarding the use of the unit hydrograph and the 

irrigation precipitation pattern. The District noted that the unit hydrograph 

methodology was developed for precipitation that was uniformly distributed 

over an area. Clearly the irrigation inflow into the fields was not uniformly 

distributed, and the applicability of the unit hydrograph was questioned. 

Various sources were searched for information regarding the unit hydrograph 

and non-uniform precipitation such as irrigation inflow. However, very little 

applicable information was found. In order to overcome the problem of the 

unit hydrograph, the irrigation model was only used to calibrate the runoff 

volume. 

The runoff volume is independent of the unit hydrograph, so it would no1 be 

affec~ed by the non-uniform application of precipilation to the fields. 

Similarly, the lag time (unit hydrograph duration) had no effcct on subbasin 

outflow volumes estimated using HEC-1. Thus, even though the applicability 

of the unit hydrograph to the non-uniform precipitation pattern is uncertain, 

the losses estimated by the Green and Ampt parameters could still be 

calibrated to match the observed runoff volu~ne. 



3.5.4 Variation from Irrigation to Storm Events 

Entellus searched for previous studies or analyses that could support the key 

assun~ption that the abstraction and infiltration parameters for a field will not 

vary between irrigation and precipitation events. Abstraction and infiltration 

parameters are independent of precipitation patterns and durations and are not 

adjusted for various storm frequencies and distributions. It follows that the 

parameters will not change significantly for an irrigation event. This 

assumption was further validated in American Society of Agricultural 

Engineers, Advcinces irz I~Zfi'ltratiorz -. Proceedings uf the National Conference 

on Advances in infiltration, Efject of'Rain Itztensity on Infiltration and Sut$a'ace 

RimoJfRates, Akan and Yen, December, 1983 (Reference 5). One of the 

articles conclusions stated that: 

"lf'tlze ruin d~~rutiorl is sufficiently long and the cvrrter tcible is low, the 

final irzfiltrability of u lzomogerzous soil and the tot~il volume oj'infiltrated 

water clo not depend on the rain irztensity. " Akan and Yen 1983 

Once again, the problem is that the irrigation water is not uniformly 

distributed over the entire field. Despite this problem, it is still valid to assume 

that the field will be able to intercept and store the same volume of water, 

whether the water is uniformly applied or not. Therefore, only the runoff 

volumes realized by the irrigation events were used to calibrate the abstraction 

and infiltration parameters. 

3.5.5 Initial Abstraction Calibration for Furrow Fields 

In order to calibrate the initial abstraction parameter of fields with furrows, 

some modeling parameters had to be adjusted. When the initial abstraction 

was initially evaluated for the furrow fields, it was found to be very low. In 



fact, reducing the initial abstraction to zero, and setting the DTHETA to zero, 

still resulted in runoff volumes thal were much larger than those observed. 

The reason for this was that the mounds within the furrowed fields are not 

directly wetted with irrigation water and have less opportunity to cause losses 

Based on field observations, it was assumed that on average the wetted 

perimeter of the furrows carrying irrigation water through the fields would 

make up about half of the total surface area. Therefore, the field areas were 

reduced by half, and the irrigation volumes were kept constant by doubling 

the irrigation depth. For example, 6 inches over 1 acre becomes 12 inches 

over $4 acre when the irrigation volume is kept constant. This resulted in an 

initial abstraction value that was representative of the furrows carrying 

irrigation water throughout the fields. It was assumed that the mounded 

portions of the field would have a sinlilar initial abstraction because the soil 

types would be the same. Therefore, the average initial abstraction for the 

entire field was set to be equal to the initial abstraction estimated for the 

furrowed portions of the fields. 

3.5.6 LackofData 

NRCD observations were obtained for three fields. The observations seemed 

to contain irrigation data that was consistent with field observations and 

farmer surveys. However, the hydrologic results obtained from modeling each 

sampled set varied dramatically. For instance, one of the furrow fields showed 

a sigr~ificant amount of runoff, while the other showed only a small amount of 

runoff. There was simply not enough data in order to develop trends or to 

determine the cause of these variances. This problem could be helped by 

performing more field tests. 

The NRCD has hundreds of observation records for agricultural fields. 

However, the NRCD was hesitant to release the information because of 



privacy concerns. If this information could be obtained in the future, it could 

be used to confirm or refine the calibration results of this study. 

The best data to use for calibration would be rainfall/runoff data collected 

using rainfall and flow gages. At the time of this study, there were no stream 

gages that could be used for calibration purposes. A District observer gage 

was installed in 1982 on Southern Avenue in the vicinity of the pilot study 

area. However, the data from this gage measures rainfall only and not runoff, 

so it could not be used to calibrate models. In addition, onIy daily 

precipitation is recorded from this gage and no storm durations or intensities 

are available. Recommendations for future studies are discussed further in 

Section 6 and include the collection of additional data. 

3.5.7 Extrapolation of Calibrated Parameters for Typical Systems 

The parameters calibrated for individual field sets do not conlpletely represent 

lunlped parameters for larger areas. These parameters measured physical 

conditions for single fields only. However, typical agricultural areas include 

several fields and runoff from the fields move through the a1-ea via canals, 

ditches, or other fields. Additionally, it is likely that home of the individual 

ficlds within a large modeling area ire being irrigated at the same time as 

rainfall events. Therefore, we expected the calibrated parameters to change as 

we modeled a lumped system. System Moclels 1 and 2 were created in order to 

adjust the calibrated parameters to model typical systems. 

3.5.8 Modeling Irrigation during Rainfall Events 

Typical irrigation practices in the study area and Maricopa County are likely 

to result in one out of ten fields being irrigated at any given time. In order to 

account for fields being irrigated during a storm event, the irrigation depth 

was added to the precipitation depth, and the rainfall distribution was 

modified. Of the ten fields modeled in the typical systems models, one was 



modeled with the cumulative distribution. 

As discussed in Section 3.5.3, the unit hydrograph was not developed to 

estimate peak flows resulting from precipitation that is not uniformly applied 

throughout the subbasin area. This was not an issue when modeling the 

observed NRCD field sets or when calibrating the initial abstraction for 

typical systems because only the runoff volumes were being calibrated which 

are independent of the unit hydrograph. However, when calibrating the Kn 

(lag time) for typical systems using peak flows, the use of the unit hydrograph 

became a concern because peak flows are influenced by the unit hydrograph. 

As stated in a memo from the Flood Control District dated November 2"*, 

2004 (Reference 14), the unit hydrograph theory should not be used when 

irrigation water is being treated as rainfall. However, in System Moclel I, one 

of the ten fields was modeled using the unit hydrograph theory with 

precipitation data t h a ~  represented irrigation and rainfall. The inapplicability 

of the unit hydrograph for the non-uniform portion (irrigation) of the 

precipitation data could introduce some error on timing and peak flows. This 

error would diminish as more basins are added and combined. At the time of 

this study it was thought that even though some error could be introduced by 

the use of the unit hydrograph, it was significantly less error than we the 

effects of irrigation water were ignored. 

Further testing and analysis should be performed in order to determine what 

errors resulted from using the cumulative distribution for one of the ten fields 

in the typical system model. Recommendations for future studies are 

summarized in Section 6. 



SECTION I: METHODOLOGY RECOMMENDATIONS 

4.1 Current Methodology 

The Hydrology Mu1~uc11 was evaluated and hydrologic procedures and parameters 

were identified that would be impacted by farming praclices. The current 

methodology uses the Green Ampt method to generate rainfall losses. The Hyclrology 

Munuul includes the following parameters that were developed for use in agricultuial 

areas: 

Parameter District Recommended Value 
Initial Abstraction (IA) 0.5 inches 

Soil Moisture Content (DTHETA) Saturated (0.0) 

I~ripervious areas 0% 

a Average Subbasin Roughness used in Lag Equation (Kn) 

The Hydrology Munuul recommends these values as a general guideline, but leaves it 

up to the hydrologist to make any adjustments needed to reproduce actual conditions. 

However, these parameters are often not adjusted due to the lack of data to verify or 

justify selecting values outside the recomn~er~ded ranges. Appendix B.7 includes 

reproduced tables and text from the Hydrology Manual that show the District's 

recommended parameters for modeling agricultural areas. 

4.2 Field Observations Regarding Current Methodology 

The following observations and conclusions were made based on site visits and 

discussio~ls with local farmers: 

I .  Several residents who live downstream from areas that were converted fronl 

agricultural fields to residential developnlents have noted a significant 



increase in runoff, even though the developments comply with current 

drainage requirements. 

Conclusion: Agricultural fields retain more water than expected and 

drainage regulations are not completely mitigating the effects of development 

on agricultural land. 

2. Although the land slopes from north to south, individual fields are laser- 

leveled in order to retain the maximum amount of irrigation water and are 

terraced from field to field. Also, the irrigation system includes many canals 

and berms designed to prevent irrigation water loss. These structures tend to 

impede the movement of runoff though the entire area, and if runoff does 

occur, the structures tend to trap or at least slow runoff. A typical irrigation 

event applies rnore than five inches of water over a one to twelve-hour period 

with minimal tailwater losses. 

Conclusion: 'The holding capacity of the fields is substantial, but current 

n~ethodology does not recognize increased times of concentration or on field 

retention. 

3. The fields are irrigated on a watering schedule with intervals ranging from 

four to fourteen days. This schedule is maintained for several reasons. First, 

the irrigation infrastructure is physically incapable of delivering water to all 

fields sin~ultaneously. Second, existing water rights limit the amount of waler 

allocated. Third, farmers have lo pay for water and irrigating on saturated 

fields results in large water losses to runoff or deep percolation. 

Conclusion: At any given time, individual fields are at varying degrees of 

saturation ranging from nornlal to saturated. Therefore, the assumption of 

100% saturated fields is not representative of actual conditions. 



4. Runoff from fields is either re-circulated to other fields or collected in ponds 

or tailwater ditches. Irrigation water does not enter the roadway ditches 

because the irrigation infrastructure (perimeter berms, delivery ditches) 

impedes the flow. 

Conclusion: Typical modeling approaches incorrectly assume that 

agricultural runoff collects along the roadways. Typically runoff from a field 

is more likely to flow across the road into the next field. 

4.3 Modifying Current Methodology 

The District's curlent nlethodology was reviewed to identify parameters that could be 

appropriately modified to more z~ccurately estimate agricultural runoff. The 

parameters were selected based on physical conditions observed in the field that 

appeared to be different from those recommended by the current methodology. The 

parameters selected for modifications or adjustments were: 

Routing Parameters (slope, n-value, geometry) 

Subbasin Roughness (Kn) 

Initial Abstraction (IA) 

Initial Soil Moisture Content (DTHETA) 

Table 4.1 shows various parameters typically used when developing hydrology 

models according to District methodology. The table also shows proposed values for 

these parameters based on findings of this study. Many parameters did not change, 

and the current recommended ranges of values appeared to adequately represent 

agricultural hydrology. 



Table 4.1: Proposed Modeling Parameters for Agricultural Areas 

Recommendation hrameter 
Current 

Methodology 
Value 

Flow Routing 

Lag Time 
Equation (Kn) 

I A 

DTHETA 

PSIF 

XKSAT 

The recommended changes to the District methodology are discussed further in 

Sections 4.3.1 through 4.3.4. 

Flow routed 
along roadways 

0.6 < Kn < 0.15 

0.5 inch 

I I 

4.3.1 Flow Routing 

Route flow through fields or ditches unless evidence 
supports doing otherwise. 

Kn = 0.20. 
I 1.0 inch. . 

0 

Varies 

Varies 

The first recommendation is to direct the hydrologist to determine how flows 

move though the agricultuml area. The hydrologist should determine if the 

system recycles tailwater or if it uses a tailwater ditch system, and configure 

the routing accordingly. This may include using wide shallow cross sections 

and field slopes or ditch geometries. Routing using roadways should not be 

A 

See Table 4.3. Ys\l'-,)-' 
#CtCI*FF 

Use current ed values 
(See A n  

Use current District recommended values 
(See Appendix B.7 for values) 

Use current District recommended values 
(See Appendix B.7 for values) RTIMP 

used unless demonstrated that the roads actually convey the runoff. 

0% 

4.3.2 Proposed Lag 'Time 

Observed and extrapolated data indicated that the lag time for hydrographs 

from agricultural fields was longer than the lag time generated using the 

current District equation and input values. Calibrated lag times for individual 

fields ranged between 0.18 and 0.33, and the calibrated lag time of a typical 



system of sever;~l fields was 0.20. It was f o ~ ~ n d  that by using a Kn value of 

0.20, the District equation generated lag times that were much closer to those 

observed during irrigation events. 

Further justification for setting the Kn value to 0.2 was found in the MKE 

Tech Memo and MKE Study. An e~npirical expression for estimating lag tinies 

was developed as part of the MKE Study, and documented in the MKE Tech 

Memo. This expression was developed for agricultural fields and was based on 

the Manning's roughness coefficients for sheet flow documented in the SCS 

TR55 (Reference 15). The lag time equation documented in the MKE Tech 

Merno is shown below: 

Agricultural Lag Time Equation from MKE Tech Memo (Reference 16) 

Where: 

L = lag time, in hours 

LFP = length of longest watercourse, in miles 

LC, = length along the watercourse slope to a point opposite the centroid, in 

miles 

S = watercourse slope, in feet1 mile 

A = drainage area, in square miles 

Lag times for each of [he three field sets were estimated using the District 

equation and the equation from ihe MKE Tech Memo. The lag times were 

compared to the lag times estimated using the observed advance times and are 

shown on Table 4.2. 



Table 4.2: Lag Times for Observed Field Sets Using Various Equations 

Field 
Set ID 

00-34 

99-15 

99-16 

Lag Time 
Estimated 

Using 
Observed 

Data 
(hrs) 

0.81 

Lag Time 
Estimated 

Using 
District 

Equation 
(Kn = 0.10) 

(hrs) 

0.44 

Lag Time 
Estimated 

Using MKE 
Equation 

(hrs) 

0.80 

Lag Time Using 
District Equation 

and Adjusted 
Kn = 0.2 

(hrs) 

0.88 

The current District equation resulted in lag times that were less than the 

observed lag times. The lag times estimated using the MKE Tech Memo 

equation were similar to the observed lag times, except for the lag time of 

field 99-16. This difference can be explained by the roughness characteristics 

of the field. Field 99-16 was a border irrigated field on which it was likely that 

alfalfa was being grown. Alfalfa fields area very dense and create an 

exceptionally high resistance to flow. The MKE Tech Memo based the lag 

time equation on the average resistance to flow (average values of Manning's 

roughness for overland flow) for agricultural fields. Therefore, it makes sense 

that the observed lag time for the alfalfa field is much larger than the lag time 

estimated using the lag time equation from the MKE Teclz Memo. 

It should be noted that the lag times used for the MKE Study hydrology 

models were estimated using the District lag equation, with the Kn variable 

set to 0.2 for agricultural areas. It is not known how the MKE Study 

determined that the Kn value should be set to 0.2. However, it is likely that the 

study used a Kn value of 0.2 because it resulted in the District equation 

generating lag times similar to those estimated using the equation for 

agricultural areas shown in the MKE Tech Memo. 



Based on the information above, it is recommended that a Kn value of 0.2 be 

used to estimate the lag time for surface irrigated areas. 

4.3.3 Proposed Initial Abstraction 

The current District-recommended initial abstraction for agricultural areas is 

0.5 inches. Based on observed irrigation events, the very flat slope of the 

fields, and the storage observed at the lower end of the fields, it appears that 

some fields have a much larger capacity to store or pond water. When 

modeling agricultural areas that are surface irrigated, the initial abstraction 

should be increased accordingly. 

Calibration results suggest that increasing the initial abstraction parameter to 

1.0 inch accounts for the additional storage capacity for typical areas with a 

mixture of border and furrow irrigated crops. This value is within the range of 

total surface storage and abstraction for agricultural fields estimated by the US 

Army Corp of Engineers (Corps) in E~zgilzeevi~tg cuzd Design - Flood-Rulzojf 

Alzulysis (Reference 4). The relevant portions of this document have been 

included in Appendix B.3. 

It is noted that much higher initial abstraction rates were estimated from field 

observations. However, the results varied siguificantly from field to field in 

the range of 1.5 to 6.0 inches. Additionally, various assumptions had to be 

made in order to calibrate the initial abstraction using irrigation events. 

Although field data were not sufficient to justify a large deviation from the 

current recommended IA value, based on field observations, it is believed that 

typical IA values are significantly higher. Due to the lack of supporting data, 

we recommend increasing this parameter, but only to 1.0 inches for irrigated 

agricultural areas. As more field data are collected and evaluated, it is 

expected that additional increases in the initial abstraction parameter could be 

justified in the future. 



4.3.4 Proposed DTHETA 

Since not all fields can be irrigated at the same time, and irrigation practices 

and economics do not allow irrigated fields to dry, it is recommended that the 

initial soil moisture content in for agricultural areas be modified to a value 

between wet and normal. The proposed values for DTHETA, the parameter 

used to represent the initial soil moisture conditions, are shown in Table 4.3. 

The values shown represent conditions in the agricultural portions of the 

BuckeyeISun Valley ADMS study area. Further, it is recommended that the 

weighted DTHETA methodology be used in other agricultural areas in 

Maricopa County. The proportions of dry, normal, and wet conditions would 

depend on the irrigation practices in the particular area, but are expected to be 

similar to that experienced in the Buckeye area. Dry conditions are expected 

on non-irrigated fields that are either in fallow or are inactive. Wet conditions 

are expected on fields that have been irrigated in the last three days. Normal 

conditions are expected on fields that are not wet or dry. 



a ,  Table 4.3: Recommended Values for DTHETA 

( Antecedent Moisture 1 

Soil Type 
Loamy Sand & Sand 

Sandy Loam 

Loam 

Silty Loam 

Silt 

Sandy Clay Loam 

Clay Loam 

Silty Clay Loam 

conditions1 

0.35 

0.35 

0.40 

Sandy Clay 1 0.20 1 0.10 1 0.0 I 0.0 

Current 
Agricultural 

(Assumed "Wet") 
0.0 

Dry 

0.35 

0.08 
I I I I I 

I I I I I I I 
I From District Hydrology Mc~~.aol 

'weighled Average Assuming 10% Dry, 60% Normal, 30% Wet (Based on Farmer surveys) 

Agricultural for 
the Buckeye/Sun 
Valley ADMS' 

0.22 

0.25 

0.25 

0.25 

0.35 

0.25 

0.25 

0.30 

Silty Clay 1 0.20 1 0.10 1 0.0 I 0.0 
I I I I I 

4.4 Effects of Proposed Parameters on Runoff 

Norma' 

0.30 

0.15 

0.15 

0.15 

,015 

0.08 

Clay 1 0.15 1 0.05 / 0.0 I 0.0 

The proposed modifications to the parameters significantly reduce the amount of 

runoff estimated from agricultural areas. This is consistent with field observations and 

data collected. A comparison of the runoff estimated using the proposed modeling 

Wet 

0.0 
J 

0.0 

0.0 

0.0 

0.13 

0.12 

0.12 

0.12 

0.0 

0.0 

0.0 

0.0 

0.05 

parameters, the currently recommended District parameters, and the parameters used 

in the MKE Tech Memo are shown on Table 4.4. 

0.0 

0.0 

0.0 

0.0 

0 8 
Entellus" 

0.0 

0.0 

0.0 

0.19 

0.19 

0.19 



Table 4.4: Comparison of Runoff from a Typical System (1.25 Sq. Miles) 

Proposed 
Parameters 1.0 0.19 0.20 3.0 240 -72 % 80 -46 % 

Note: The peak flows and runoff volumes wcre estinlated using the 100-year 6-hour storm. The calibraled parameters 
(IA, DTHETA, and Kn), will not change for other stor111 events. 

:b The MKE Study (Reference 2) used the Districl equation wilh Kn=0.2, whereas the equalion in the MKE Tech Mento 
(Reference 16) did not use a Kn value. 



SECTION 5: PILOT STUDY HYDROLOGY MODEL 

The pilot study area was modeled using the proposed changes to the District 

methodology discussed in Section 4. The results were compared to the results of the 

previous study of the Buckeye Sun Valley area (MKE Study), and the current Buckeye 

Sun V~illey Areu Drairzuge Muster Study by PBS&J (Reference IS), hereinafter 

referred to as the Current ADMS Report. At the time of this report, the Current 

ADMS Report was not finali~ed, and the data and results shown in this pilot study 

could vary from those in the final report. 

5.1 Method Description 

The hydrology models of the pilot study area were developed using HEC-1 models 

developed by PBS&J for the Buckeye Sun Valley ADMS, hereinafter referred to as 

the PBS&J Models. The PBS&J Models were modified according to the proposed 

changes to the District methodology described in Section 4. Modifications made to 

the PBS&J Models are documented in this report and in-line comments were added to 

the modified HEC-1 files which are included in Appendix E. 

Even though the pilot study area extends north beyond the Roosevelt Canal, the 

PBS&J Models were only modified for the areas south of the Roosevelt Canal and 

north of the Buckeye Canal. Runoff crossing the Roosevelt Canal from the north was 

modeled by PBS&J using HEC-RAS. The HEC-RAS model generated a hydrograph 

that was routed through the areas downstream of the canal. The hydrograph generated 

by HEC-RAS was not modified. 

The PBS&J Models were developed with the following: Green and Ampt parameters 

to estimate rainfall losses, the District's S-Graphs to develop unit hydrographs, and 

normal depths for flow routing. A detailed description of the methodology used to 

develop the hydrology model is included in the Current ADMS Report. 

e 9 
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5.2 Mappin 

2-foot cc 

Current 

flow rou 

included 

~g and Survey 

mtours were used to develop the PBS&J Models, and are discussed in the 

ADMS Report. Additional survey data was obtained in order to verify the 

~ting. The survey notes are included in Appendix B.6, and the point files are 

I electronically in Appendix F. 

ter Estimation 

zoncentration Points and Subbasin Boundaries 

The concentration points and subbasin boundaries used in the PBS&J Models 

were not modified, and are documented in the Curreizt ADMS Report. The 

lubbasins and concentration points within the pilot study area are shown in 

?igure 5-1. 

'recipitation 

The precipitation depths and distributions used in the PBS&J Models were not 

nodified and are documented in the Curreizt ADMS Report. The models were 

:rested to simulate the 100-year 6-hour, and the 100-year 24-hour storm 

:vents. 

,ag Times 

The lag times used in the PBS&J Models were developed using the same Kn 

ialne proposed in Section 4 of this report. Therefore, the lag times used to 

nodel the pilot study area were not modified and are documented in the 

Z~trrent ADMS Report. 



Agricultural Pilot Study 
FIGURE 5-1: PILOT STUDY AREA SUBBASINS AND CONCENTRATION POINTS 



5.3.4 Green and Ampt Parameters 

The Green and Ampt parameters used to model the pilot study area were 

~nodified from those used in the PBS&J Models according to the proposed 

zhanges documented in Section 4. The modifications made to the parameters 

were as follows: 

DTHETA was estimated using the weighted average of soil saturation 

expected in the pilot stndy area (0.19 for the sandy loams in the pilo1 

study area). The DTHETA values used in the PBS&J Models were 

estimated assuming all of the fields were in a "normal" saturation state 

(0.25 for the sandy loams in the pilot study area). 

As proposed in Section 4 of this report, the initial abstraction was sel 

to 1.0 inches for agricultural areas within the pilot study area. The 

PBS&J Moclt.1~ set the initial abstraction to the District recommended 

value of 0.5 inches. 

5.3.5 Unit Hydrographs 

The unit hydrographs used in the PBS&J Models were not modified and are 

documented in the C~lrrerzt ADMS Report. The unit hydrogrdphs were created 

using the District's S-graph methodology. 

5.3.6 Flow Routes 

The flow routes used in the PBS&J Models appeared to be consistent with the 

proposed routing considerations described in Section 4.3, and therefore were 

not modified. Furthermore, the cross section geometries used to model the 

flow routes appeared to be consistent with the survey information. The flow 

routes are documented further in the Current ADMS Report. 



5.3.7 Storage Routes 

Runoff attenuation caused by storage throughout the fields in the pilot study 

area was accounted for using the proposed initial abstraction and Kn values. 

Storage behind the Roosevelt Canal was accounted for in the PBS&J Models 

using a stage storage distribution modeled in HEC-RAS. The HEC-RAS 

models generaled a hydrograph that was routed through the area downstream 

of ihe canal. The devclopment of the HEC-RAS rnodels is documented in the 

Currerzt ADMS Report. 

5.4 Special Problems 

Special problems encountered during the modeling process are documented in the 

Current ADMS Report. 

5.5 Results 

The HEC-1 inputloutput files for the pilot study rnodels are included in Appendix E. 

Table 5.1 lists the peak flows estimated using the PBS&J Models with the proposed 

changes to the District parameters at key locations throughout the study area. 

Table 5.1: Pilot Study Area Results Using Proposed Methodology 

100-Year 6- 
Hour Peak 

Flow 

24-Hour 
Peak 
Flow 

Location (Concentration Point) 

I I 

(cfs) 

Palo Verde Rd. and Baseline Rd. (H5) 

Palo Verde Rd. and the Railroad (H6) 

(cfs) 
Palo Verde Rd. and Southern Ave. (H4) I 337 

I I 

293 

403 

406 

Palo Verde Rd. and the Buckeye Canal (H7) 1 400 

373 

385 

398 



5.6 Comparison of Results 

Table 5.2 shows a comparison of the unit runoff from subbasins throughout the study 

area estimated using the MKE Study, the PBS&J Models, and the P B S U  Models with 

the proposed changes to the District methodology. 

Table 5.2: Comparison of 100-Year 6-Hour Results from Various Models 

The comparison shows that the proposed changes to the District's methodology 

reduce the peak flows by about 20% compared to the PBS&J Models, and by about 

40% compared to the MKE S t ~ ~ d y .  The decrease in estimated peak flows is consistent 

with the findings of the calibration process. 



SECTION 6: RECOMMENDATIONS FOR FUTURE STUDIES 

This study was groundbreaking in the sense that there has never been an evaluation of 

the District's methodology for modeling agricultural fields using actual data from 

areas within Maricopa County. The study results indicated that there is a need to 

further evaluate and possibly modify the current District methodology for modeling 

agricultural fields. 

As part of this study, various parameters were estimated that seemed to represent the 

hydrologic conditions in the pilot study area. However, these parameters were 

developed using very limited data and questions linger regarding the applicability of 

the methods used to analyze the data. Therefore, it is recommended that future studies 

be conducted in order to further develop the recommended parameters. The list below 

has been compiled in order to give u general guide for future studies 

1. Install rainfall gages near irrigated fields throughout Maricopa County. Measure 

irrigation and rainfall runoff from the fields, and use the data collected in order to 

develop calibration models similar to those found in this study. Runoff gages 

could be installed near the existing rain gage located in the pilot study area (On 

Southern Avenue between Palo Verde and Miller Roads). The rainfall gage ueeds 

to be upgraded to record data in 5 minute intervals. 

2. The Natural Resources Conservation Service Buckeye Sun Valley District 

(NRCD) has been conducting field efficiency tests tor a long period of time on 

many fields throughout the County. However, data from only three field 

efficiency tests were obtained for this study, and were used to determine the 

recommended Kn value. Future studies should be coordinated with the NRCD in 

order to collect as many test records as possible. The person in charge of field 

efficiency tests at ihe NRCD at the time of this study was Nathan Melton and his 



phone number is 623-386-4631. 

3. The Southwest Watershed Research Center (SWRC) in Tucson has sprinkle!. 

systems that were designed to simulate rainfall events. Future studies should 

consider using these sprinklers to simulate raintiill events on agricultural fields in 

order to calibrate various modeling parameters. The contact person at the SWRC 

is not known, but their website address is: www.tucson.ars.ag.gov, and their 

phone number is 520-670-6381. 

4. The relationship between the volumetric soil deficit (DTHETA) and irrigation 

practices could be determined by selecting a few agricultural fields for evaluation. 

The irrigation practices for the fields would be monitored and the soil moisture 

deficit could be measured in order to develop a correlation between the two. This 

could help develop a range of DTHETA values for agricultural fields based on 

soil types and irrigation practices. 

* @ 
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2.3.6 The CONSULTANT shall submit all pertinent CIS or CADD Data relating to hydrology 
as described in Task 2.5.9. 

2.3.7 AGRICULTURAL ANALYSIS: The CONSULTANT shall research the agricultural 
practices in the Buckeye Area and determine the best way to simulate it. A sensitivity 
analysis shall be done to determine the effects of changing the agriculture fields to urban 
land uses. Many of the agricultural fields are being convened to residential and 
commercial developments. There is a concern that the agricultural fields hold more 
water from larger rainfall events that originally anticipated and that by converting to an 
urban landuse may actually cause more runoff than the existing conditions. An analysis 
will be conducted to determine how to more accurately model agriculture fields and the 
effects they have downstream properties. 

2.3.7.1 The CONSULTANT shall determine typical, maximum, and minimum areal 
coverage of active fanning for both summer and winter growing seasons. 

2.3.7.2 The CONSULTANT shall collect and review data on irrigation volumes, 
durations, and rotation and delivery schedules for the summer and winter 
growing seasons. Collect and review data on crop and soil types, historical 
flooding, and existing drainage structures. 

2.3.7.3 The CONSULTANT shall meet with local irrigation district representatives, 
farmers, and water masters to obtain information on farming and irrigation 
practices and potential pilot study boundaries. 



adjacent Palo Verde watershed, establish unit runoff characteristics (peak runoff 
per unit area) and apply to the pilot area for comparison purposes. 

2.3.7.8 The CONSULTANT shall prepare a stand-alone hydrology report that describes 
the data collected and evaluated, discussion of methodology and assumptions 
used, a detailed description of the processes used in the analysis, and 
recommendations for application to agricultural lands in other parts of Maricopa 
County. The DISTRICT will distribute a draft version of the report for review 
and comments by interested parties and shall provide a consolidated set of 
review comments to the CONSULTANT. The CONSULTANT shall 
incorporate changes recommended by the workgroup. 



BuckeyeISun Valley Area Drainage Master Study 

Agricultural Land Hydrologic Modeling 
Proposed Pilot Study Plan 

April 13,2004 

A potential hydrologic issue within the BuckeyeISun Valley ADMS study area is the 
retention effects in areas that have previously been developed as farmland. To address 
this concern, a detailed pilot study of farmland within the study area is included in the 
current project scope of work. The pilot study will consider typical irrigation regimes and 
retention capacities for the area and will generate a subwatershed model to better estimate 
hydrologic response in active agricultural areas. Our proposed approach will be 
conducted in four major steps: 

Step 1 -Define typical farming practices and field conditions 
Step 2 - Develop base hydrologic models using agricultural methodologies (Curve 

Number, reservoir routing through fields) 
Step 3 - Convert base model using methodologies identified in the Hydrology Manual 

(Green & Ampt) 
Step 4 - Document results and recommend supplemental methodologies for analyses in 

agricultural areas. 

@ Step 1 -Define typical farming practices and field conditions 

Irrigation practices have a direct effect on hydrologic modeling parameters (i.e., loss rate 
and routing parameters). The following subtasks will be performed in order to understand 
typical farming practices and select appropriate modeling parameters: 

- Identify irrigation type (flood, border, sprinkler, or combination) 
- Determine how tailwater is handled (reused or discharged) 
- Determine water delivery schedules (flow rate and timing) 
- Observe typical crop distribution 
- Estimate growing season and year-round conditions 
- Check Irrigation rotation (which fields and how long) 
- Estimate moisture content (portion of area that is saturated, partially saturated, 

and dry at a given time) 

The data will be used to establish the percentage of fields saturated for any given time. 
Evapotranspiration rates will be obtained and used to establish how dry fields can get. 
(x% saturated, y% dry, z% in between). The weighted saturation condition will then be 
used to determine the Antecedent Moisture Condition. 

Based on the results, the saturation condition will be applied to the identified crops and 
weighted curve numbers will be developed. Weighted curve numbers can be obtained by 

0 interpolating between available AMC-based tables from SCS TR-55 data. The process 
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will be developed on a per-field basis, then weighted curve numbers can be developed for 
each sub-basin. 

Field conditions will need to be established in order to estimate the area's true ability to 
retain stormwater on the fields. Therefore, the study area will be toured and locations of 
additional ground survey will be identified to reflect the conditions of the fields and their 
ability to contain stormwater. The following data will be collected: 

- Location, condition, and ability to contain water upstream of delivery ditches 
- Ability to conlainldivert water at header ditches 
- Tail water system (pending, tailwater ditches, free runoff) 
- Lateral dividing berms 
- Roadway layout 

For the data collection task, a general comparison of the fanning practices will be made 
within and/or outside of the study area to confirm that the pilot study is a reasonable 
representation of regional farming activity. 

Step 2 - Develop base hydrologic models using agl-icultural methodologies 

As previously noted, we propose to use SCS Curve Number methodology and reservoir 
routing to estimate soil loss parameters and retention, respectively. The Curve Number 
approach is recommended because it was developed specifically for agricultural areas 

@ and selection of appropriate hydrologic parameters is well-documented. Conversely, 
other methods such as Green & Ampt have not been tested for applicability to 
agricultural areas. 

Initially, three models of existing conditions will be developed to represent best-case, 
average, and worst case scenarios of typical farming practices based on the following 
subtasks: 

- Prepare model of pilot area (basin size = field size) 
- Model irrigation event and compare results with observed data 
- Add precipitation for different moisture contents 
- Estimate ability of fields to handle additional water 
- Estimate tail water system ability to conveylstore runoff 
- Adjust the model to incorporate tailwater runoff 
- Hydraulically model roadways and fields with potential for conveyance 
- Incorporate results into model (routing, diversion and storage) 
- Compare results from different moisture contents 
- Prepare a larger basin size model to incorporate typical system 

However, only one model is needed for the next phase of the analysis. It is noted that a 
primary function of the District is to provide drainage infrastructure for multi- 
jurisdictional watersheds. Therefore, it is appropriate to select a conservative yet realistic 
approach. Therefore, once the three models are developed, the typical model will be 
compared against the "best" and "worst" case models to see where it falls within the 

Agricultural Pilot Study - Proposed Plan Page 2 of 3 
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envelope. If the typical model compares favorably with the best case, then the worst-case 

@ scenario will be deemed too conservative and the typical model will be selected for 
additional analysis. However, if the typical model is closer to the worst-case scenario, the 
worst-case scenario will be used for Task 3 of the pilot study. 

Step 3 - Convert base model using methodologies identified in the Hydrology 
Manual (Green & Ampt) 

Once the final model has been selected, the following additional subtasks will be 
performed: 

- Calibrate model based on smaller size basin model 
- Adjust the model for typical general area conditions 
- Investigate how yearly schedule and crop distribution may affect runoff 
- Investigate critical condition (crop stage) for max/min runolT 

The calibrated model will then he modified using standard methodologies outlined in the 
District's Hydrology Manual. Green & Ampt soil loss parameters will be manipulated 
and surface retention options will be activated so that the model output matches than 
from the curve number model. 

Step 4 - Document results and recommend supplemental methodologies for analyses 
in agricultural areas. 

A report will be prepared that describes the work performed and a comparison will be 
made with results of other previous analyses that were performed on farmlands using 
methodologies according to the Hydrology Manual. Differences in results will be 
evaluated and recommendations will be made for any needed supplements to the current 
Hydrology Manual to better estimate watershed response in farmlands. 
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& Entellusus 
2255 N. 44th St., Suite 125 
Phoenix. AT 85008 BuckeyeISun Valley Area Drainage Master Study 
Phone ~6OZJM4-2586 FIELD MEETINC OUES'IlmmRRR 
Fax ( 6 0 2 W 7  *-- .---- 
Wsbrir. w.snrcllw.=om E Q ~ ~ H U S  Project N;. 110.018 

Wednesday, August 11th 2004,lO:OO am. 

1 ,  

Name: L &I /d~,id Phone Number(s): 6 x 3, - 3 ~ 6 -  L(-V/U 

IRRIGATION INFORMATION 

For each type of crop listed below, please describe how the fields are irrigated: 

Crop: How Often? How Long? How Much? 
Summer 1 Winter Summer 1 Winter Summer ) Winter , 

1) Alfalfa &pf euk: I-l& m* 

@ 
2) Corn ,= h 4 c 5 &,MM Po CLA i& Y P ~ / L  -3 &&d - 

3) Wheat. $.Q~L~#W J A L  

4) Cotton 1 3 s - i ~ d f  



@ CROP ROTATION INFOWTION 

For each type of crop listed below, please describe how the fields are rotated: 

Please check the crops you grow: r/' Alfalfa / Corn /wheat ,, Cotton ( 1 - ( 1 
( ) 

When 1s each crop planted? Otk lufalfa > u , t ~ ~  Corn 7 , 4 a h e a t  
-p~&otton 
-( 

( 1 O- ( 1 
1 

When is each crop harvested? nh@hlfalfa >? , o m  
Qd +cotton - 1 

( I 
8 How long is the growing season? j) Ihihlfalfa / 3 Y o r n  &%&Wheat 

Ii-0 tton ( 1 - ( 1 
( 1 

How long is the field in fallow? - - o --Alfalfa 6 h C o r n  6 kMwheat  
.J !,otton ( )-I- ( ) 

( 1 

What % of your fierds are? .go hl fa l fa  W%Corn 1 % Wheat 
I 3% cotton ( 1 - ( . ) 

( 1 

What % of your fields are typicaIly in fallow ?d,dir/ .hd &h& 

Page 2, Questions 



Please outline your areas of operation on the map below. 



@ Entellus 
55 N. 44th St., Suite 125 
oenix, AZ 85008 

%one 
Buckeye/Sun Valley Area Drainage Master Study 

(602)244-2566 
Fax (602)244-8947 FIELD MEETING QUESTIONERRE 
Webrttc www entellus corn Entellus Project No. 110.018 

Wednesday, ~ u ~ u i t  llth, 2004,lO:OO a.m. 
.-----------------------------------------------------------------------------------------------------------------------------. 

Name: Phone Number(s): @I-- 3 CIO - @le 

IRRIGATION INFORMATION 

For each type of crop listed below, please describe how the fields are irrigated: 

Crop: How Often? How Long? How Much? 
Summer I Winter Summer I Winter 

1) Alfalfa 2 x &I&,&',( - seu, A 

I I L 

2) Corn 

3) Wheat 

4) Cotton 

Page 1, Questions 



Q CROP ROTATION INFORMATION 

For each type of crop listed below, please describe how the fields are rotated: 

Please check the crops you grow: ,/~lfalfa 
K-Q 

k o r n  
Cotton ( 1 ( 1 
( 1 

When is each crop planted? 1231, Alfalfa M c o r n  &-- Wheat 
#?d Cotton ( 1 ( 1 

( 1 

When is each crop harvested? A l f a l f a  &Iy Corn *%eat 
jlhu, Cotton ( 1 ( 1 

( 1 

i. @ow long is the growing season? W l f a l f a  CM Corn &wheat 
~4 Cotton ( 1 ( 1 

( 1 

How long is the field in fallow? e, Alfalfa F- Corn h d W h e a t  
qm, Cotton ( 1 ( 1 

( 1 

What % of your fields are? p,&orn 1 2 z 5 g ~ h e a t  
77.5% Cotton ( 1 ( 

( 1 

/ 
What % of your fields are typically in fallow? /o% 

Page 2, Questions 



Name: G,ho 6 ~ 9  Phone: b-?-W-/?PF 

Please outline your areas of operation on the map below. 



Entellus. 
N. 44th St., Suite 125 

enlx, AZ 85008 bi BuckeyeJSun Valley Area Drainage Master Study 
Phone (602)244-2566 
F ~ X  (602)244-8947 FIELD MEETING QUESTIONERRE 

Entellus Project No. 110.018 Webs~te  www cntellu corn 

Wednesday, ~ u ~ u i t  l lth,  2004,lO:OO a.m. 

602 
Name: Phone Number(s): ?/B -+I-C?C?L 

IRRIGATION INFORMATION 

For each type of crop listed below, please describe how the fields are irrigated: 

Crop: How Often? How How 
Summer ( Winter Summer ( Winter Summer ( Winter 

1) Alfalfa m~d$i whyfikc# &@4$ @fie 24h ha? 

3) Wheat 

4) Cotton 

Page 1, Questions 



a CROP ROTATION INFORMATION 

For each type of crop listed below, please describe how the fields are rotated: 

Please check the crops you grow: /Alfalfa *ern Wheat 
Cotton 4 5 & 2 )  - (-& ) 
( 

When is each crop planted? L~GY Alfalfa /hb.f%,corn Wheat 
Cotton ~ / y l r n ~ S & ~ r . ~ )  bh*~&) 
( 

When is each crop harvested? ~ l f a l f a  Corn Wheat 
Cotton (~&/YL) (&& ) 
( 

P &ow long is the growing season? 3'3 Alfalfa _,,' Corn Wheat 
Cotton a-fie*) 
( 

How long is the field in fallow? i)~fl&Alfalfa Corn Wheat 
Cotton ( ) ( 
( ) 

What % of your fields are? /Q!7$aAlfalfa $ 6 % ~ o r n  Wheat 
Cotton 5 K B ? ~ * )  
( ) 

What % of your fields are typically in fallow? 

Page 2, Questions 



Name: gn/&b--- Phone: knz ?[f?-/50? 

Please outline your areas of operation on the map below. 



6 Entellus. 
55 N. 44th St., Suite 125 

hoenix, AZ 85008 rn r'hone (602)244-2666 
Buckeye/Sun Valley Area Drainage Master Study 

Fax (602)244-8947 FIELD MEETING QUESTIONERRE 
Entellus Proiect No. 110.018 Wcbrlre www cntellw corn 

Wednesday, ~ u ~ u i t  llth, 2004,lO:OO a.m. 

.I &/d <&L-.*.? 
L c> - qm- .3/z5 

Name: / G- 'm-5 Phone Number(s): d z.3 3W. - 3rfG 

IRRIGATION INFORMATION 

For each type of crop listed below, please describe how the fields are irrigated: 

Crop: How Often? How Long? How Much? 
Summer I Winter Summer 1 Winter Summer I Winter 

1) Alfalfa -?/Lo / / L r /  .3 -, 5 ~ ~ 4 7 ,  pa,. 
m di' 5 A' y 

2) Corn / I ~ ~ ~  It 
3 

/ 

3) Wheat --- 

4) Cotton --.- 

Page 1, Questions 



a CROP ROTATION INFORMATION 

For each type of crop listed below, please describe how the fields are rotated: 

Please check the crops you grow: '% Alfalfa X Corn 'X Wheat 
Cotton ( 1 ( 1 
( 1 

When is each crop planted? ;;2$-dji~lfalfa l??~p,jcorn &: Wheat 
Cotton ( 1 ( 1 
( 1 

When is each crop harvested? 
Cotton 1 
( 1 

(tow long is the growing season? #// L,,LafAlfalfa Y,n co Corn dma Wheat 
Cotton ( 1 ( 1 
( 1 

How long is the field in fallow? Alfalfa Corn Wheat 
Cotton ( 1 ( 1 
( 1 

-24' 
What % of your fields are? l. l. % Alfalfa .z/6 Corn Wheat 

Cotton ( 1 ( ' 1  
( 1 

What % of your fields are typically in fallow? 0 % c/// 38% -&)$ 
- - - 3  /-n'7/, ' - 

Page 2, Questions 



Name: Phone: 

Please outline your areas of operation on the map below. 

Southern Avenue ............................... 

------------------ ------------------ 



RID PAGE 01 

%a&c-Km Fax 

To: Jamb Sweeney Fmm: stan Ashby 

Entellus Inc 

F u c  602-244-8947 Pas= 3 induding cover sheet 

Phone: Data 07/28/04 

J a w ,  attached are the flows fur Lateral 21 CJVilson Road and Lateral 22 (Palo Verde Road). The F 

Lows are remtecl in Arbona Minar's lnohes. 



67/28/2064 10: 15 6233864360 R I D  

WATER FLOWS 
LATERAL 21 AND LATERAL 22 

JUNE AND JULY 2003 

PAGE 02 



07/28/2004 10:15 6233864360 RID PAGE 03 

....... ...... 
. ,  , 

-. 
.. 

. . .  JUNE. 
1 ..... 

... 450 

..... ....... 250 
...... - 450 

4 . . . . .  
5 . . . . . . . .  -- . . . .  

..... ....... 
.... ..... 7 ....... .. - 

.... .... .... ... . .  -. 

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

11 . .  
300. 

. 
.... 

... 100 

........ ...... ........ 100 

16 ... -. ..... ......... 
0 

17 -. 375 ....... - ........ ....-....... . . .  
18 ......... ..... . . .  600 . . . . . . .  
19 ....... 600 .......... ... - ....... -. . --- 

, ......... ....... ... .......... ......... 0 

21 .......-. . 0 . - .- 0 

22 0 ..... ...... .... .......... 
... . . . .  0 200 -. 

24 0 300 .... .... ... 
. . .  0 , ...... -- - ...... . . . .  300 

26 426 300 ..... ... . . .  . . . .  ... -. - 200 

525 500 27 ..... .. ........... I ........... - - . .. - 
28- .- 525 ........ .- ..... .- 0 .. 28 
29 ... , . - .- -- ..... 625 0 29 
30 . . . . . . . . . . . .  375 0 ............. 30 

31 

WATER FLOWS 
LATERAL 21 AND LATERAL 22 

JUNE AND JULY 2004 







Name: Phone: 

Please outline your areas of operation on the map below. 



Name: Phone: 

Please outline your areas of operation on the map below. 







RECEIVED JAN 1 6 1992 

TECHNICAL MEMORANDUM 

TO: Tim Murphy (Contract FCD 90-691 
Steve Haters (Contract FCD 90-20) 

FROM: G.V. Sabol 

DATE: 14 January 1992 

SUDJECT: 1.) Unit hydrographs for agricultural fi.elds, and 
2 . )  New Lag relation .for unit hydrograpl~s. 

REFERENCE: Contract FCD 90-69, Buckeye FIS 
Contract FCD 90-20, Bydrology/Hydraulics Advisory Services 

:.#. ::,. , .'.! 

NTdoo~&toN 

This study was initiated as part of the Buckeye FIS Project (Tasks 3.13.A 
. . 

and 3 : : 1 3 . ~ ) .  However, the work dffort and results extend beyond that required 

by. the Buckeye FIS, and some portion of this work was undertaken under 

contract FCD 90-20 as 'additional unit bydrograph development for the Manual. 

. .  . 

This memorandum presents the following: 

. .@ 1. development of a "ew Lag relation 'ior unit hyirograpils. 

2. cornpa.r:lson of four unit hydrographs for four selected subbasins from the 

Buckeye FIS watershed model, 

3 .  comparison and evaluation of using the new Lag relation with the Phoenix 
I!' 
1' Valley and the Phoenix Mountain S-Graphs for seven watersheds that were 

f used in verification of the Maricopa County Hydrologic Design Manual 

(Manual), 
i 4. conclusions from these comparisons and evaluations, 
j 
.i 
I '  

5 .  recommendations, and 

6. suggested studies to be undertaken before implementing the i recommendations. 

DEVELQPMENT OF NEW .Lag RELATION 

Theory 

T h e  general relation for ba,sin Lag ag 3 function .of watershed 

- characteristics that is traditionally used is given by Equation 1. 

The thq~reticrl justification for E,qualion 1 is not known but wgg probably an 

extension of the results of Snyder's (1940) investigations, wherein he 

2 8 - 2 - 1  



L x LCA 8 
9 = c [  ,,, ) 

determined the following equation for Lag: 

Lag = Ct (L x LCA)'" (2) 

The value of the exponent, m, in Equation 1, generally has been assigned 

within the range 0.30 to 0.38. The USBR (Flood Hydrology Manual (Cqgyorth, 

1989)) recommends that m = 0.33 regardless of the location of the drainage 
basin. The Corps of Engineers typically uses m = 0.38. The coefficient, C, 

appears to be related to the hydraulic efficiency of the direct storm runoff 
i 

through the drainage network. For a value of m-= 0.33, the USBR recommends 
that C = 26 K,, and the Corps uses C' = 24 K, with m = 0.38, where K, is a 

resistance coefficient representing the average resistance to flow through the 

drainage network. The traditional Lag equations in use are: 

L x LCA .33. L a q a 2 6 K n [  s'/a ) by the USER (3) 

by the Corps ( 4 )  

It should be noted that there are numerous definitions for Lag. Horner 

and Flynt (1936) originally defined Lag as the time from center of mas$ of 

rainfall to center of mass of runoff. Lag, as defined by Snyder (19401, is 

the time between the cedter of mass ,of rainfall excess of a specified type of 
storm and the occurrence of peak discharge at the location being studied. 

This definition indicates that Lag will vary depending on the type of storm or 

rainfall characteristics such as intensity. The SCS definition of Lag is the 



I 
same as that used by Snyder. Lag of Equation 1 is determined from an S-graph 

I analysis and is defined as the time from the start of a continuous series of 
1 unit rainfall excess increments to the time when the resulting runoff 

I ' hydrograph reaches 50 percent of the ultimate discharge. The ultimate 

discharge is an equilibrium rate achieved at the time when the entire drainage 

basin is contributing runoff at the concentration point from the continuous 

series of unit rainfall excess increments. 

These equations and others for Lag have been developed from data for 

gaged watersheds and these empirical equations are used to estimate Lag for 

ungaged watersheds. Theoretically, the equations should satisfy hydraulic 

similitude for 9ravit.y flow with the gaged watersheds being considered as 

models and the ungaged watersheds as prototypes. The resulting Lag equations 
should satisfy Froude Number similitude and accordingly the time relation for 

model to prototype conversion is: 

where Tg is the time ratio and Lt is the scale ratio. The model to prototype 

time relation of Equation 1 should agree with Equation 5. Therefore the 

exponent m should be 0.25 as shown in Equation 6: 

(6) I 
The relation of Lag to watershed slope is a means of incorporating the runoff 

velocity, V, in the Lag equation and 

1 
Lag a , (7) 



and therefore 

Lag a 
1 

-P 

which deviates significantly from. either Equatioll 3 or 4. 

1 
combining Equations 6 and 9 results in 

L x LCA - 2 5  
Lag CL 

Where CL is a coefficient. 

m .  Lag is a function of many variables that describe the watershed 

characteristics and possibly also variables that describe the rainfall 

characteristics as suggested by Snyder (1940). Sufficient data for gaged 

watersheds are not available to document all the watershed and rainfall 
characteristics that may be of interest, and certain variables may be too 

subjective, such as K, in Equations 3 and 4, to be reliable and reproducible 
for use in a prediction equation. Therefore, CL may be a surrogate to account 

for all the unknown and unmeasured variables affecting Lag. For this reason. 

it may not be possible to develop a CL equation that is dimensionlessly 

homogeneous using only available and readily obtainable watershed 

characteristics and measured Lag data. Therefore. empirical equations were 

developed for CL from available data. 



CL Rela t ions  

Data on watershed c h a r a c t e r i s t i c s  and Lag a s  determined b y  S-graph 

a n a l y s i s  was obtained from the f i l e s  of the  USBR t ha t  was used by t h e  USBR i n  

developing Tables 4-1 through 4-6 of i t s  Flood Hydrology Manual. These d a t a  

were c l a s s i f i e d  i n t o  s i x  ca t egor i e s  by the  USBR a s  follows: 

1. Great  P la ins  (Table 4 - I ) ,  

2 .  Rocky Mountains (Table 4-2) .  

3 .  Southwest Desert ,  Great Basin, and Colorado Plateau (Table 4-3).  

4. S i e r r a  Nevada (Table 4-4) '  

5 .  Coast and Cascade Ranges of Ca l i fo rn ia ,  Oregon, and Washington, 

(Table 4-5) ; and 

6 .  Urbanized basins (Table 4-61, 

'The dath ' s e t s  f o r  d e s e r t s  (Table 4-3) ,  the  Rocky Mountains (Table 4-21, 

and urbaii basins (Table 4-61'' a r e  app l i cab le  t o  Arizona and these  d a t a  a r e  

sihown i n  Kppehdix A.  Previous i n v e s t i g a t i o n s  ind ica t ed  t h a t  tWe . d e s e r t  drld 

Rocky ~otl i ivkin Lag da ta  a r @ c o h p a t i d e  f o r  a n a l y s i s  a s  a i i n g l  s&t.  The 

watershed. ch . a rad te r i s t i c  data  and,measured Lag f o r  tke d e s e r t  :a#d RRdcky 

C d ~ n t a i h  watersheds t h a t  were o b t a h e d  from t h e  USBR a r e  s h o w n i n  T;ible 1. 
2 Figure  1 shows a .graph of  measured '~ag  versus  L x LCA/S . Lines a r e  shown i n  

F igu re  1 with a s lope  o f  0.25  indicating agreement with the  t h e o r e t i c a 1 l y  

d e r i v e d  &ponent m = 0.25. The lines a r e  f o r  CL of 5 ,  16' ,a8d 1 5 ,  and the  d a t a  

i n d i c a t e  t h a t  CL faiiges from s l i g h t l y  less than 5 t o  abduf 18 w i t h  most CLs 

between 10 and 15. 

Mul t ip le  regress ion  analyses  were performed w i n g  ttie d a t a  of Table 1 i n  

an a t t empt  to develdp a j l redict ion equat ion f o r  CL. ~ b o d t  40 CL equat ions  

were d6Yoloped from various combinations of in 'dependentva ' iab les .  The 

v a r i a b l e s  were inspec ted  i n  both untransformed and trandformed ( l o g  an'd power 

f u n c t i o n s )  s t a t e s . ,  
. . 

FoOr CL p red ic t ion  equat ions were s e l e c t e d  f o r  f u r t h e r  i n spec t ion .  These 

being:  

CLI = 11.75 + .006 DA - . 2 1  LWR (11) 



I 
1 
I * CL2 = -18.03 + 3.3 log DA + 10.5 log S 

R a  = 0.69 

I CL3 = -14.24 + 3.02 log DA + 9.04 log S 

I R a  = 0.68 

CL4 = a n t i l o g  (.I816 + . I03  log DA + .307 log S ) 

I Ra = 0.65 
where LWR is watershed length t o  width ra t ion ( L ~ / D A ) ,  

I DA is drainage area i n  square miles, and 

S is watercourse slope i n  feet/mile.  

I .  a 
The ,: . . square of the muJtiple cor re la t ion  coef f ic ien t  ( R )  me.a.sures the 

I portion of t o t a l  var ia t ion about the mean ( i n  t h i s  case the mean valve of CL) 

is.:sexpj~pi&d by the regression equation. A R' = 1.0 i.n.diqates ' t ha t  t he  

regression .,equation explains lQ0% of the . t q t a l  .. v$riation ( the ideal.,  ~: but 

I @ virtua,&lrr . laver  ..,:~ aehievgd s i t u a t i i n ) .  Wrger values .t Ra !n!+sne .th+ th.e 

equa t io ,~  b e t t q  axplains var ia t ion  i n  t.4e data.  Ra i n  the 0 . 5  , to 0.8 ra.qpe 

I a re  cgmmon far hydrologic dqta. R' l a rger  than 0.8 i s  exceptional. The R~ 

f o r  the above eqwations a r e  rqasonable f o r  the  type of data t ha t  a r e  analyzed. 

I .  The:re are many @ore, var iables  t ha t  are. .,qeeded. to'hccurately" estimate Lag, but 

the' i;dentificat.ion and measurement of these athap var iables  i s  beyond our 

I present a b i l i t y .  

I The CL tha t  $9 eqt.im.ated by Eggations 11 through 1 4  are  l i s t e d  i n  Table 1 

and th9,q.e were platfgd against  the measured CL in Figures 2 through 5, 

respegtively. These gr.8p.h~ i n d i c a t e  tha t  th,e four CL prediction e g u a t i ~ n s  

I , 

provide reasonable values . . .  f o r  .,. .cL. 1 
l The results from the Eour CL prediction equations were used i n  Equation 

10 ( the  new Lag re1atio.n) t o  estimate Lag for  the watersheds - t ha t  were used to  

I develop the CL prediction equations. The estimated Lag with CL estimated by 

Equations 11 through 14 a r e  l i s t e d  i n  Table 1 and these were plot ted against  

I @ 
the measured Lag i n  Figures 6 through 9 ,  respectively.  

18-1-1 6 



Inspection of Figures 2 through 9 does not lead to a clearly superior 

estimator of CL or Lag. However. ~ L 1 ~ i ~ a e m s  :,t.o:be.:~@ak at esti~at.i.ng low Cbs 
., . . . 

and~.a,I~ort~rliXga.,::~~,ut.~~~geems: to be :s.tr~ng$rzifi&.gniQtfier.: CU~,equa~bns.:~o^r.:longer- 

k%%.1 

Some independent Lag data is identified in the S-Graph Report that was 

prepared for the Flood Control District of Maricopa County (Sabol, 1987). 

That data is shown in Table 2. In Table 2, values of Lag are shown for 

numerous Arizona watersheds that were developed from data for the storms of 

December 1967, September 1970. and dune 1972. Descriptions of those storms 

are shown in Appendix 0. Notice that different values of Lag are shown in 

Table 2 depending on the storm. This illustrates that 

Estimated values of Lag by Equation 10 and CL by Equations 11 through 14 

were calculated and these are shown in Table 2 and are compared to the 

measured values of Lag in Figures 10 through 13. Notice in these figures that 

the Lags for the December 1967 storms are usually longer than the Lag for the 

September 1970 and June 1972 storms. The December 1967 storm was a general 

winter storm with lower rainfall intensity than the large local storm of 

September 1972 and the smaller local storm of June 1972. 

These figures also indicate that the Lag and CL 

prediction equations perform reasonably well for watersheds that were not 
used to develop the CL prediction equations. 

Quantitative analyses could not distinguish a clearly superior CL 
prediction equation and a qualitative evaluation of Equations 11 through 14 

was performed. Equations 12 and 13 could result in negative values of CL for 

some combinations of area (DA) and slope (S) and therefore these equations 

were rejected. Equation 11 seems to be weak for watersheds with low CL values 

which could yield some' unconservative results. Therefore Equa&?i,~i&&&~.iq..,, 
,,, ,, , ,.;:,;#!<*.,, ;. 

re~.~mmen,~~j.g~,:[~,o~r,, . ,..%, ,,-, vws*,ji+,L,,t'ih,6 ysg i.0 . q & "  X.,A x imqb$a . . . ,. p.. .. .: q~!;f~,!.n~:fi~eu.e~i&@drl'~~~~~~~#@&)1.~#~f)6&&lf&d& ; ,o.f 
deserts and mountains in erizona 

.>, ...-.,.?.<:? <:,..,. .u:,,.. :.i :r . .; :.. ;. , . . ( ,  , '; 
. , ,  

..,,;;.~. , . : . . . . . .. 



A s imilar  analysis was performed f o r  urban watersheds using USBR da ta  

(Appendix A )  as shown i n  Table 3. An addi t ional  watershed c h a r a c t e r i s t i c ,  

impervious area (RTIMP), was included for  urban watersheds. A graph of 

L X  LCA/S' versus measured Lag for  urban watersheds i s  shown i n  Figure 14,  and 

that  graph i l l u s t r a t e s  that  the theoret ical  value of m = 0.25 i s  appropria te  

and tha t  CL ranges from about 1.0 to  5.0 f o r  urban watgrsheds. A y u l t i p l e  , I , . : ,  '. . < ~  ' I ..' 
regression analysis .. .. of 'the urban watershed data restkted i n  one c l e a r l y  

super ior  eq&tion t o  predict  CL for  such watersheds: 

CL = antilog (0.31 + 0.0955 log DA +0.3560 log S -0.3610 log RTlMP) 

R~ = 0.67 

(15) 

A comparison of the estimated CL and measured CL is  shown i n  Figure 15 and a 

cdfig&r5son ,of t h e  -e&tiniated Lag and%Ve&$ured Lag is shown i n  Pigure 16. 

Oire mire gefieral type of wateribt?d e x i s t s  i n  Arizona tha t  needs t o  b e  
cbnaiderea bes$&s desert/mduntain 'and %rbln; tha t  be'ing 

s. f h i s  was iden t i f ied  by the D i s t r i c t l p r i o r  t o  

i n i t i a t i o n  of tlte Buikey6 FIS contract .  such watersheds have very f l a t  s lopes  

.md hay have nigh reqistan.de t o  fMw due to  t i l l a g e  aria vegstation growth. 

Such ~ a t e r s h e d d  may a l so  be ' representative of la&&? rulif area9 such a s  golf 

courses a'da parks. Data at& #ot avai lable  t o  d&i?hp a ' ? ~  ~ f i d i c t i o h  cfquiition 

for such watersheds, therefore,  the desert/mountain CL equation was modified 

based on other.considerations a s  follows: Resistahce factore  f o r  overland 

flow a r e  provided i n  the September 1990 BEC-1 Manual and SCS TR-55 (Appendix 

C ) .  The r a t i o  of res is tance factors  for  various surfaces t o  the res i s tance  

f ac to r  fok rangeland (natural)  from TR-55 a re  as  follows: 

Ratio of ~ e s i s t a n c e  Factors 
Surf  ace (Ranweland n a 0 ..t3 ) 

. C.ultivat.ed, re'si.due grea te r  than 20% 1.3 

. Denae grass  1 . 8  

Bermuda grass  3.2 



1. 
The r a t i o  of r e s i s t ance  f a c t o r s  fo r  various su r faces  to  the r e s i s t a n c e  f a c t o r  

f o r  rangeland (20% cover)  from HEC-1 a re  as  fol lows:  

Surf ace Ratio of Resis tance Factors  

1' 
n = 0.05 n = 0.25 

Conventional t i l l a g e  with res idue  3.2 - 4 . 4  .6 - .9 

Dense g r a s s  

Bermuda g ras s  

~ l t h o u g h  the re  i s  tremendous v a r i a b i l i t y  i n  t hese  r a t i o s ,  a composite r a t i o  of 

a g r i c u l t u r a l / g r a s s  r e s i s t a n c e  f a c t o r s  to  a rangeland inat-ural)  res i sbance  

f a c t o r  .of 3.0 seems :re.asonable. Therefore, the Lag f o r  a g r ~ i c ~ u l t u r a l / g r a s s  

watersheds.would be about:3 times l a r g e r  than t h e  Lag f o r  acomparab le  

ranyeland watershed. The CL p red ic t ion  equati.on f o r  a g r i c u l t u r a l ~ g r a s s  

watersheds is: 

CL = 3 x ' a n t i l o g  (.I816 + . l o 3  log  DA + .307 log S 
,' 

,. . 
;, ,I' 

Summary of CL and Lag f o r  use i n  Arizona 

The recommended Lag equat ion  i s :  

where CL i s  est imated by Equation 14 f o r  d e s e r t  and mountain watersheds, by 

Equat ion 16 f o r  a g r i c u l t u r a l / g r a s s  watersheds, and by Equation k 5  f o r  urban a watersheds .  Those equat ions ,  r ewr i t t en  i n  more convenient form a r e :  

d e s e r t  and mountain,watersheds, 

I a g r i c u l t u r a l / g r a s s  watersheds. 



urban watersheds, 

RTIMP ' J b  

- 
where A is drainage area in square miles, 

S is watershed slope in feet/mile, and 

RTIMP is impervious area in %. 

Adjustment of Lag for Return Period 

It is assumed that the Lag that is estimated by Equation 10 with CL 

estimabed by Equations 17, 18 and 19 provides an estimate of Lag for severe 

e . Data are not available to provide 

definitive guidance for adjusting Lag for flood return period. Previous flood 

studies (Tucson Arroyo) for the District indicate that the following Lag 
frequency factors may be appropriate: 

Return Period 
vears 

F f 

100 1.0 
50 1.25 
25 1.50 
10 1.75 \ 

2 2.0 

Additional testing of this method using gaged watershed data could be 

used to confirm or modify the use of flood frequency factors. 

Adjustment of Lag for use with SCS Unit Hydrographs 
As previously discussed, there are several definitions oC Lag and the 

definition of Lag as used herein is not the same as the SCS definition of Lag 

used with its unit hydrographs. Appendix D provides a comparison of this 
definition of Lag to the SCS Lag. The SCS Lag can be estimated by 

Lag (SCS) = 0.77 Lag (20) 
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ABSTRACT: Ageneralized unit hydrograph method is developed and 
evaluated for uugaged watersheds. A key component in this method 
is the value of a dimensionless storage meffcient. Procedures to 
estimate this coeffioient are dven using calibrated values from 142 
rainfall-mnoflevents gagedin watershcdl~atedmainl~ in the East 
em US. Only limited success was obtained in predi~ting this storage 
meUident. Thirtv-seven. indenendent rainfall-runoff events were - ~ ~ ~ ~ ~ ~ ~ ~ - ~  

used to teat the p;oposedkhnihue.  he generalized unit hydmgraph 
nredicted the observed ~nof lhvdroara~hs  fairly WbU with consider- 

\ .; ;ible improvement in amracy ov; the S~~~din~ens ion less  unit 

i 'I hydmgraph. Approximately one-half of test stoma had percent er- 
i : rors in predicted peak flow rates that were less than 34 percent 

. compared to percent e m r  of 88 percent with the SCS method. 
: (ICEYTERMS: agriculturalhydmlogy; hydrographanalysis andmod- 
1 2: eling; optimization) 

\ INTRODUCTION 

The unit hydrograph and the synthetic unit 
hydrograph are two widely-used methods to represent 
surface runoff. Unit hydrographs are preferred where 
there are observed rainfall and streamflow data. Syn- 
thetic unit hydrographs are used for ungaged water- 
sheds. The shape of these hydrographs is indirectly 
determined using watershed and rainfall characteris- 
tics. Both types of unit hydrographs are limited by the 
assumptions of linear systems. Nonetheless, unit 
hydrographs have been successfully used to predict 
surface runoff (Howard and Meadows, 1981; Wilson et 
al., 1984) and are widely used in hydrologic designs 
(HEC, 1971; SCS, 1972). 

Since most small watersheds are ungaged, hydrolo- 
gists are often limited to synthetic unit hydrographs. 

Numerous studies have been conducted on this topic 
ranging from empirical graphs (Snyder, 1938; SCS, 
1972) to conceptual linear models (Clark, 1943; Nash, 
1957; Dooge, 1959). More recently, attempts have been 
made to relate unit hydrograph theory to recent ad- 
vances in geomorphology (Rodriguez-Iturbe and Valdes, 
1979; Gupta et al., 1980; Kirshen and Bras, 1983; 
Troutman and Karlinger, 1986). Some of the above 
approaches are theoretically more appealing than oth- 
ers. However, the selection of the ''best'' design method 
is largely dependent on the ability of the hydrologist to 
estimate the parameters of the synthetic unit 
hydrograph. Although there are a few notable excep- 
tions (Gray, 1962; SCS, 1972), most methods provide 
little practical information for estimating their param- 
eters or have guidelines based on only a few rainfall- 
runoff events. 

In this study, a synthetic unit hydrograph method is 
proposed and its parameters are evaluated using a 
large data base of primarily agricultural watersheds. 
There are three major components of the study. First, a 
dimensionless unit hydrograph is developed using an 
analytical solution of Clark's method (Clark, 1943). A 
kev Darameter here is a dimensionless storaee coeffi- 
c i 2 .  Second, the dimensionless storage coekcient is 
evaluated using 142 rainfall-runoff events obtained from 
watersheds loiated mainly in the Eastern US. Regres- 
sion relationships are developed from these events. 
Third, the accuracy of the proposed method is evalu- 
ated using an additional 37 independent, rainfall-run- 
off events. Comparisons are made between predicted 
and observed values as well as the relative accuracy of 
other approaches. 

'Paper No. 91060 of the Water Resources Bulletin. Disousions are openuntil December 1,1092. 
2Respectively, Assistant Professor, Agricultural Engineering Department, University of Minnesota, 1390 Eckles Avenue, St. Paul, Minnesota 

, 66108; and Watershed Engineer Lake County Stormwater Management Commission, 333 B Peterson Road, Libertyville, Illinois. 
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THEORETICAL DEVELOPMENT coefficient and time, respectively,AT is the total water- 
shed area, to is the time of concentration and K is the 

Dimensionless Formulation of Clark's Method a linear storage coefficient. In the above definition of O,, 
the rainfall excess depth, Z,, is taken as one unit. 

A dimensionless unit hydrograph is developed from By multiplying by the integration constant ezp(t.1 
Clark's (1943) method. Clark proposed that a unit KJ, equation (2) can be written as 
hydrograph for ungaged watersheds could be obtained 
by routing a time-area curve through a single, linear 0.k) 
reservoir. This approach is simple, has parameters that exp (t,lKJ - - exp (t,IKJ - + 

are conceptually connected to the runoff process and dt. X 
has wide-spread use (HEC, 1971). Clark's method is 
based on the continuity equation for a linear reservoir exp ft,/KJ_r_i_ I @ )  (4) 
which can be written as H: 

dOO 1@)-0 o = d S ~ -  
dt dt 

(1) 
and rearranged as 

where I(t) is the inflow hydrograph, O(t) is the outflow I $ )  
hydrograph, S(t) is reservoir storage defined as d fO,(tJ exp(t.lKJ I = 2 exp (t,lKJ dt, 

X 
(5) 

S(t);;KO(t), If is a stirage coefficient and t is time. In 
Clark's method, the inflow hydrograph is taken as the 
time*area curve for a watershed and the outflow and evaluated for a dimensionless unit hydrograph 
hydrograph is the unit hydrograph. If the time-area value at t, as 
curve is based on an instantaneous excess depth of one 
unit (i.e., I=(l)dAldt), then the unit hydrograph is an 
instantaneous unit hydrograph (IUH), that is the out- 
flow in equation (1) is the IUH. This is the assumption 0,ftJ = mp(-t,lKJ exp(z,lKJ dz, (6) 
used herein. 

A dimensionless form of equation (1) can be obtained 
by multiplying both sides of Equation 1 by ~ J Z J I ~  and where r is a dummy integration variable. The above 
rearranging terms as equation assumes that 0. = 0 at  t. = 0. 

do,@.) Analytical Solution I. @*)-O* @*)=K- 
03, 

(2) 
A solution to Equation (6) requires an estimate of 

the time-area response I,. This response can be esti- 
where the dimensionless variables are defined as matedfrom topographic maps using estimates of travel 

times within the watershed (Linsley et al., 1982). Com- 
A 6.) 4 6.) = - (3a) putations, however, can be tedious and require a nu- 
& merical solution of Equation (6). Frequently synthetic 

time-area curves are used to simplify procedures. Theo- 
dA,L) retically, synthetic time-area curves should be defined 

I* k)  = - 
dt. 

(3c) such that response is zero at the time of concentration 
(i.e., t,= 1). 

tcIUH$J 
OXelly (1955) showed that a synthetic cuwe de- 

0, (A) = (3d) fined by isosceles triangles could be used to approxi- 
 AT mate the time-area response without a significant loss 

of accuracy. The HEC- 1 simulation program allows the 
K = K  (3e) user to select a symmetrical, nonlinear, curve (HEC, 

t, 1971). Brown (1989) evaluated the impact of synthetic 
time-area response using (1) O'Kelly's curve, (2) HEC- 

t,=L (3b) 1's curve, (3) an oblique triangular curve where the 
t o  peak occurred at  25 percent of the time base and (4) an 

oblique triangular cuwe where the peak occurred at  75 
where A*(t+h I,(tJ, O*(tJ, Ke and t, are the dimension- percent of the time base, He concluded that the oblique 
less area, time-area response, IUH, Clark's storage with the earlier peak best represented his data. 
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For a triangular, synthetic time-area curve, Equa- 
tion (6) can be solved directly for 0, (Brown and Wilson, 
1989). This solution, however, is awkward because it (1) results in a set of equations for different time domains. 
A single equation can be obtained using a gamma prob- 
ability density function. This is the approach taken 
here. The parameters of this function were selected so 
that the mode is located at  0.25t. and that area under 
the curve fort,> 1 is small. The simplest function that 
satisfies these two conditions is shown below 

By substituting Equation (7) into Equation (6) and by 
integrating by parts, the dimensionless unit hydrograph 
is obtained as 

The impact of different K, values is shown in Figure 1. 
For the special case of K,=O, equation (8) equals I, 
given by Equation (7). 

-.- 
0.0 0.5 1 .O 1.5 2.0 2.5 

Dimensionless Time - t' 

Figure 1. Effects of K. on Proposed IUH. 

The IUH for a particular watershed can now be deter- 
mined directly from Equation (3d) as 

where terms are as previously defined. 
The IUH defined by Equation (9) requires that the 

watershed area, the time of concentration and the di- 
mensionless storage coefficient K. be determined for 
the watershed of interest. Watershed area and time of 
concentration can be estimated from map data. The 
impact of various K,values has previously been shown 
in Figure 1. Procedures to estimate this parameter are 
discussed in the next sections. 

CALIBRATION AND VALIDATION DATA SETS 

Rainfall-Runoff Data 

A large rainfall-runoff data base was obtained to 
estimate the storage coefficient and to evaluate the 
accuracy of the dimensionless unit hydrograph. Water- 
sheds for this study were selected from information 
supplied by the United States Department of Agricul- 
ture, Agricultural Research Service for experimental 
agricultural watersheds for the years 1958 through 
1977 (USDA, 1958-1977). Watersheds were selected on 
the basis of geographical location, size, length of record, 
and the availability of both rainfall and runoff informa- 
tion. Few watersheds were available in the western 
part of the United States. 

The watersheds selected varied in geographical lo- 
cation to allow for regional variability. A map showing 
the location of the watersheds is given in Figure 2. 
Between one and five watersheds were selected of vary- 
ing sizes in a given region. Since the primary use of the 
dimensionless hydrograph is anticipated to be small, 
agricultural watersheds, a limitation of 4,000 ha was 
placed on all watersheds. Also, a record of rainfall- 
runoff events for at  least five years was required. 
Table 1 presents the location of the watersheds used, 
number of rainfall events actually used and drainage 
area. The fifth column in Table 1 identifies whether the 
watershed will be used in the calibration (C) or valida- 
tion (V) procedures of this study. The validation water- 
sheds were selected randomly from geographic locations 
with more than one watershed. As discussed in greater 
detail later, storms were deleted from the calibration 
watersheds if the results appeared questionable. No 
storms were deletedfrom the validation watersheds. 
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Figure 2. Location of Calibration and Validation Watersheds. 

TABLE 1. Watershed Selection Information. 

Watershed ID Number Area 
Location No. of Events (ha) Use 
- - - 

Blacksburg, VA W13011 8 225 C 
Klingerstnwn, PA W16006 9 697 C 
Iowa City, IA W21001 6 781 C 
McCradie, MO W26001 15 62 C 
Coshocbn, OH W26027 4 12 V 
Coahoeton, OH W26030 10 123 C 
Coshocton, OH W26033 2 372 C 
Coshoctnn, OH W26036 6 1864 C 
Fennimore, WI W31003 6 21 V 
Fennimore, WI W31004 5 69 C 
Riesel, TX W42002 6 234 C 
Hastinge, NE W44001 6 196 C 
Monticello, IL W61001 7 18 C 
Oxford, MS W62001 7 809 V 
Oxford, MS W62007 6 207 C 
Reynolds, ID W68003 6 3176 C 
Chickanha, OK W69009 16 228 C 
Chickasha, OK W69028 3 666 V 
Chickasha, OK W69032 10 18 C 
Chickasha, OK W69042 10 10 C 
Treynor, IA W71001 11 30 C 
W o n ,  GA W74004 9 1693 V 
Tifton, GA W74009 4 261 C 
Ahoskie, NC W75003 3 968 C 
Ahoskie, NC W75004 8 665 V 
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Geomorphic and Storm Parameters 

Geomorphic parameters were measured for the wa- 
tersheds contained in the data set. A summary of these 
geomorphic parameters is given in Table 2. In addition, 
storm parameters were determined for each rainfall- 
runoff event. A summary of storm parameters is given 
in Table 3. In the next section, these parameters will be 
used in an attempt to predict the dimensionless storage 
coefficient K.. 

TABLE 2. Geomophic Parameters. 

Area 
Time of Concentration 
Maximum BaainLength 
MaximumElevation Difference 
Channel Slope 
Average B'iroation Ratio 
Relief Ratio 
Elongation Ratio 

Perimeter 
Main Channel Length 
Maximum Basin Width 
Overland Slope 
Stream Order 
Relative Relief 
Ruggedness Number 
Circularity Ratio 

The geomorphic parameters for each of the water- 
sheds analyzed were taken from maps supplied by the 
U.S. Department ofAgriculture, Agricultural Research 
Service. Parameters were measured using a digitizer or 
calculated from digitizer values. Standard procedures 
were used to define the parameters given in Table 2 
(Brown, 1989). Frequently subjective decisions were 
required for specifying the start or end of flow seg- 
ments. The time of concentration was calculated using 
the SCS (1972) upland method extended to account for 
flows in larger upland channels (Brown and Wilson, 
1989). 

The storm parameters given in Table 3 are divided 
into rainfall and rainfall-excess characteristics. Rain- 
fall cumulative depths were obtained from breakpoint 
data. Rainfall excess values were determined using the 
SCS curve number method (SCS, 1972). This method 
can be easily calibrated to a specific storm using total 
rainfall and runoff depth Wilson et al., 1984). The 
standard deviation and skew coefficient were estimated 

TABLE 3. Rainfi 

using moments obtained from normalized rainfall and 
rainfall-excess hyetographs (Brown and Wilson, 1989). 
Dimensionless duration is the rainfall duration divided 
by time of concentration; normalized spread is the stan- 
dard deviation divided by rainfall duration; normalized 
peak intensity is the peak intensity divided by the 
average rainfall rate, dimensionless peak intensity is 
the peak intensity divided by the product of maximum 
flow length and time of concentration; normalized ab- 
straction is the maximum abstraction divided by the 
total rainfall depth; and dimensionless average inten- 
sity is the average intensity divided by the product of 
maximum flow length and time of concentration. 

EVALUATION OF STORAGE COEFFICIENT 

General Approach 

AK*value was estimatedfrom observedrainfall and 
runoff data for the calibration watersheds and storms. 
Procedures for determining the optimal K, are discussed 
later. After some initial analysis, there were indica- 
tions that some of the data may be incorrect, probably 
due to instrumentation errors. As an example, some 
storms had runoff occurring before the start of rainfall; 
other events had runoff volumes that exceeded the 
total rainfall volume. Occasionally, an optimized K. 
value differed dramatically from other values for the 
same watershed withno apparent abnormality in storm 
characteristics. With the removal of questionable data, 
142 storms on 19 different watersheds were used to 
determine calibrated K,values. The number of storms 
per watershed is given in Table 1. 

Linear and nonlinear regression techniques were 
used to obtain predictive relationships for K.. Empha- 
sis, however, was placed on obtaining the best predic- 
tive relationship and not necessarily the best statistical 
relationship. The best predictive relationship considers 
whether the results provide conceptually correct trends 
and are stable and robust for any set of possible values. 
As shown in Figure 1, the IUH is more sensitive to 
smaller values ofK.. To produce apredictive relationship 

111 Parameters. 
- 

Cumulative Rainfall Depth 
Duration of Rainfall 
Peak Rainfall Intensity 
Duration of Peak Rainfall Intensity 
Rainfall Standard Doviation 
Rainfall Skew Coeficient 
Dimensionless Rainfall Duration 
NormalieedRainfall Spread 
Dimensionless Peak Rainfall Intensity 
Dimensionless Average Rainfall Intensity 

Cumulative Rainfall Excess Depth 
DuraLion ofHainfnll Excess 
Peak Excess Intensity 
Duration of Peak Excess Intensity 
Excess Rainfall Standard Deviation 
Excess Rainfall Skew CoeEcient 
Normalized Abstraction Depth 
Normalized Peak Rainfall Intensity 
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with greater sensitivity for small K,, the regression 
eauations were obtained usine the transformation 

@&able TJ, defined as 

Predictive relationships were obtained using only geo- 
morphic parameters and using geomorphic and storm 
parameters. 

Optimization Procedures 

For each storm in the calibration data set, aK,value 
was estimated by generalizing the optimization ap- 
proach given by Brown and Wilson (1989). With Brown 
and Wilson's approach, a one-dimensional optimization 
algorithm is coupled with a numerical solution of the 
convolution of IUH given by Equation (9) and a rainfall 
excess hyetograph. The rainfall excess hyetograph is 
obtained from breakpoint rainfall and a calibrated SCS 
curve number. 

The storage .parameter K, was optimized using 
Brent's procedure (Press et al., 1986) using bracket 
values of zero and five. A lower limit of zero corre- 
sponds to no storage effects. As shown by Figure 1, an 
upper limit of five corresponds to a very flat unit 
hydrograph probably reflecting errors in the rainfall- 
runoff data or a runoff mechanism dominated by sub- 
surface flows. The optimized K, was determined by the 
minimum square deviation between observed and pre- 
dicted peak flows. An objective function using peak 
flow and time to peak was also tried but rejected be- 
cause of the apparent difference in timing of rainfall 
and runoff data. The optimization procedure using 
Brent's method was stable and efficient in converging 
to the optimal K,. 

Typical predicted and observed runoff hydrographs 
are shown I?igure 3. The typical predicted hydrograph 
is obtained using the optimal K,value. A comparison of 
predicted and observed peak flow rates for the runoff 
events is shown in Figure 4. The largest deviations 
from the perfect line correspond to K. values that were 
close to the bracket values of zero and five. The optimi- 
zation procedures worked well in representing observed 
runoff hydrographs. 

Time - hr 

'/ 
f l m  (b) Watershed W42002 

Figure 8. Typical Fit of Observed Hydrographs Using 
Optimization Procedures. 

Relationship Using Geomorphic Parameters 

A predictive relationship for K, was first attempted 
usingonly the geomorphic parameters given in Table 2. 
For a particular watershed, these parameters were 
considered constant. Calibrated K, values, however, 
were found to vary with storms. Arepresentative vaIue 
was taken as an estimate of the median. 

The following generalized equation was selected 

where is the predicted average value of 5 for a 
particular watershed, u is a function of geomorphic 
parameters determined from regression analysis. 

WATER RESOURCES BULLETIN 402 



Development and Evaluation of a Dimensionless Unit Hydrograph 

Observed Peak Flow Rate - m3/sec 

Figure 4. Obaewed and Predicted Peak Flow Rates Using Optimization Procedures. 

Equation (11) has arobustform where the corresponding 
value of&varies between zero and five. 

88 The function u in Equation (11) was initially evalu- 
ted using the nonlinear regression techniques avail- 

able in SYSTAT (Wilkinson, 1987). Numemus functions 
were tried using different geomorphic parameters and 
combination of parameters. Only functions that resulted 
in physically-correct trends were considered accept- 
able. If two parameters gave equally good fit, the pa- 
rameter that was easier to measure was selected. The 
final form of u was selected using linear regression 
technique for the transformed variable in(& - 0.2) 
which allowed standard statistical inferences. Using 
this approach, u was determined as 

where A, is the watershed area in ha, RF  is the relief 
ratio defined as the ratio of maximum elevation differ- 
ence to the maximum length of the watershed, and 
ELONG is the elongation ratio defined as the ratio 
between the diameter of a circle with the same area as 
the basin to the maximum length of the watershed. 

The overall accuracy of Equation (12) was poor with 
a coefficient of determination of only 0.25. Slope coeffi- 
cients in Equation (12) are, however, still significantly 
ifferent than zero a t  the 10 percent level. In addition, 
e predictive relationship appears rational. Predicted 

K. increases with watershed area and decreases with 
watershed slope, trends supported by other studies 
(Dooge, 1973). Equation (12) also predicts that a long, 
narrow watershed would have a smaller K, than a 
wide, short watershed (if other factors are constant). 

Relationship Using Storm Parameters 

CalibratedK,values were found to vary widely within 
a particular watershed. It was hoped that this varia- 
tion could be correlated to one or more of the storm 
parameters shown in Table 3. This analvsis was con- 
ducted by examining the 142 normalized-residuals de- 
fined as 

where q' is the normalized residual, IJ, is the calibrated 

value for a particular storm and 11. is the observed 
median value for a given watershed. 

Trends in v' were examined for the storm param- 
eters in Table 3 for each watershed. No dominate trend 
in any of the storm parameters could be identify. The 
most promising parameter was the normalized peak 
rainfall intensity defined as 
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where i; is the normalized peak rainfall intensity (di- jC 
mensionless), i, is the observed peak intensity from 
breakpoint data, P is the total rainfall depth and D is 5 
the storm duration. About one-third of the watersheds 5 
showed a trend of q' with ii; two-third showed no 
apparent trend. The following rational relationship was 
selected to represent the trend 

where the first term increases the importance of ii /. 
with q. The constant of 9.5 is the average value of i i  
for all storms. The above form predicts that K, der 
creases with an increase in the normalized peak rain- 
fall intensity. 

Using Equation (16) with Equation (13) and using .. - 
q. =q., the predictive relationship for q, can be ob- 
tained as 

where the value of &is obtained from Equation (11). 
The above equation is robust. It confines the predicted 
values of K, between zero and five. 

The predicted values of K. using Equation (16) is 
plotted against calibrated values in Figure 6. Clearly 
the prediction is quite poor. Trends identified for indi- 
vidual watersheds are masked by the large variation in 
calibrated K. values. This variation may be partly due 
to (1) experimental errors in the rainfall-runoff data, 
(2) a linear theoretical model to represent nonlinear 
response andlor (3) natural variability in hydrologic 
response of the watershed such as spatially variedrain- 
fall depths within the watershed. Storm movement 
over the watershed was not considered in any of the 
storm parameters. 
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Figure 5.  Predicted and ObaervedK* Using Geomorphic 
and Storm Parameters. 

Random Storage Coefficient 

The relatively poor fits of the two regression results 
suggest that an accurate deterministic relationship may 
not be possible. An alternative to deterministic repre- 
sentation is to view K. as a random variable. A point 
estimate of a random variable can be taken as the 
median. The median value for this data set was 0.8; 
that is, half of the storms had K, greater than this 
value and half less. 

Random variables are represented by probability 
density functions. Normal, log-normal, extreme value 
type I andlog-Pearson type I11 distributions were fitted 
to the 142 observedK, values. The extreme value type I 
and log-Pearson type I11 distribution appeared to rep- 
resent the data better than the other two distributions. 
Exceedance probabilities of these two distribution are 
plotted with the observed data in Figure 6. The 
exceedance probabilities of the observed data was ob- 
tainedusing standard plotting position methods (Haan, 
1977). The extreme value type I parameter can be 
defined from the mean of K, of 1.26 and a variance of 
1.65. The log-Pearson type I11 parameters are defined 
from the mean of the log-transformed data of -0.64, 
variance of 2.39 and the skew coefficient of -0.81. 
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0.1 
90 70 50 30 10 1 0.1 

Exceedance Probabi l i ty  % 

Figure 6. Exceedance Probability ofPValues 

VALIDATION OF UNIT HYDROGRAPH 
PROCEDURE 

Validation Procedures 

Eight of the watersheds given in Table 1 were used 
to test the unit hydrograph procedures. In contrast to 
the calibration procedures, all storms were used. A 
total of 37 storms was considered. 

Five different unit hydrograph methods were com- 
pared to the observed runoff hydrographs. The SCS 
dimensionless unit hydrograph (SCS, 1972) was se- 
lected as a standard design technique from which to 
compare the proposed unit hydrographs. Howard and 
Meadows (1981) found that the SCS method was the 
most accurate of four techniques they considered in 
predicting peak flows for 270 rainfall-runoff events on 
38 watersheds. Its shape was estimatedusing the equa- 
tion given by Barfield et al. (1981). 

The four other methods use the proposed IUH given 
by Equation (9). They differ in the procedure used to 
determine K,. The CONSTANT method uses a constant 
K, value taken as the median value of 0.8. The GEO 
method uses Equation (11) that is based on only geo- 
morphic parameters. The STORM method uses Equa- 
tion (16) to estimate K,. Finally, the predictive 

relationship proposed by Brown and Wilson (1989) was 
also evaluated. Brown and Wilson suggest the follow- 
ing relationship for K, 

for K*> 0.1 (17a) 

and 

K, = 0.1 for K. < 0.1 (17b) 

where S, is the channel slope, D is storm duration and 
t, is the time of concentration. 

The objective here is to compare different unit 
hydrograph techniques. Other components of the run- 
off process are handled identically between methods. A 
summary of the procedures to determine the predicted 
runoff hydrograph is given below. 

(1) Parameters: Watershed area, time of concentra- 
tion, relief ratio, elongation ratio, channel slope, peak 
rainfall intensity, total storm depth, and storm dura- 
tion were determined from map and storm data. These 
values were used to estimate the SCS dimensionless 
unit hydrograph and K, which in turn was used to 
determine the IUH given by Equation (9). Time to peak 
in the SCS method was estimated as 0.6t, plus one-half 
the convolution time step. 

(2) Convolution time step: To use the IUH directly, 
this time step shouldbe selected small compared to the 
time of concentration (O'Kelly, 1966). The convolution 
time step was selected as 0.05tc. The SCS method was 
evaluated usingtheir recommended time step of 0.133tC 
(SCS, 1972). The SCS method was also tried with a 
time step of 0.05t,. Differences in predicted values be- 
tween the two time steps were relatively small. 

(3) Rainfall excess: The SCS curve number model 
was selected to determine the rainfall excess depth. 
The curve number for each storm was determined di- 
rectly from observed rainfall and runoff depths (Wilson 
et al., i984). 

(4) Convolution: The unit hydrograph for each time 
step was numerically convoluted with the rainfall ex- 
cess pattern to determine the runoff hydrograph. 

The accuracy among the different methods was com- 
pared using percent error defined as 
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where X, andX, are the observed and predicted statis- 
tic, respectively. 

Peak flow rate and a spread parameter will be used 
or X in Equation (18). The spread parameter is a 

standard-deviation-type term defined as the square root r 
of the integration 

where Q(t) is volumetric flow rate and tp is the time to 
peak. The upper and lower integration limits' were 
defined as to reduce the impact of poorly defined 
hydrograph tails. The lower limit was determined as 
the point when the cumulative volume was greater 
than 5 percent or when the first flow value was greater 
than 5 percent of the peak. The upper limit was defined 
similarly only using a cumulative volume of 95 percent. 
(Equation 19) was integrated numerically. 

Results and Discussion 

Table 4 summarizes the results obtained with the 
five different unit hydrograph methods using percent 
error given by (Equation 18). The average percent error 
in peak flow rate for 37 storms was, 103 percent using 
the SCS method, 70 percent using a constant K., 39 
percent using geomorphic parameters (Equation 11)) 
44 percent using geomorphic and storm parameters 

e(Equation 16) and 34 percent using Brown and Wilson's 
equations (Equation 7). The cumulative percentiles are 
given to show the distribution of percent errors. For 
example, the 25 percentile indicates that one-fourth of 
the total storms had a percent error less than the value 
given in the table. Trends in the average percent error 
can be influenced by a poor result for one or two storms. 

Table 4 shows that all four techniques based on 
Equation (9) performed better than the SCS method. 
For example, the median (50 percentile) percent error 
in peak flow rate of the SCS method was 88 percent 
compared to 55 percent, 27 percent, 34 percent and 34 
percent to the other four methods. Although not as 
dramatic, similar trends are also apparent in the spread 
statistic. It also appears that using a predictive equa- 
tion for K. is more accurate than using a constant 
value. The median percent error in peak flow rate drop 
from 55 percent to approximately 30 percent Similar 
trends again hold for the spread statistic. The GEO, 
STORM and Brown and Wilson's methods appear to 
have about the same level accuracy. 

A plot of predicted and observed peak flow rates for 
the SCS, CONSTANT and GEO methods are shown in 
Figure 7. A plot of typical predicted and observed 
hydrographs are shown in Figure 8. The CONSTANT 
and GEO methods again appear to be superior to the 
SCS method. The GEO method appears superior to the 
CONSTANT method. 

An important question is which procedure should be 
used to estimate K,. If a deterministic approach is 
preferred, the GEO, STORM and Brown and Wilson 
methods were the most accurate. Since they were ap- 
proximately of equal accuracy, the GEO method is rec- 
ommended because it does notrequire storm parameters 
and is therefore simpler to use. 

Although the GEO method represents an 
improvement over the SCS method, the uncertainty in 
accurately predicting K. is still considerable. Probably 
the best approach is treat to K, as a random variable 
defined by the extreme value type I distribution or 
possibly the log-Pearson type I11 distribution if the 
prediction of nonzero values becomes problemsome. 
Uncertainty in K, can then be incorporated into the 

TABLE 4. Percent Error Statisics. 

Cumulative Pewentile 

Average 25 60 76 Max 
Statistic Method (percent) (percent) (percent) (percent) (percent) 

PEAK SCS 103 25 88 161 298 
FLOW CONSTANT 70 28 55 101 188 

GEO 39 13 27 52 23a 
STORM 44 11 34 59 271 
Bmwn-Wilson 34 9 340 62 117 

TIME SCS 56 36 59 80 88 
SPREAD CONSTANT 45 22 45 66 81 

GEO 48 18 37 62 238 
STORM 63 11 36 52 3 17 
Bmwn-Wilson 40 21 34 56 131 
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prediction process using Monte Carlo or other statistical 
techniques (Haan, 1977). The resulting hydrograph 
should be intemreted from a probabilistic perspective. 

i (a) SCS method 

1 E-1 1 EO 1 E l  1 E2 
Observed Peak Flow - m3/s 

Observed Peak Flow - m3/s 
fn 

m- 1 E2 
E (c) GEO method 
I 

Observed Peak Flow - m3/s * Figure 7. Predicted and Observed Peak Flow Rates. 

2.5 
A (a) Watershed W26027Storm 2 

Time - hr 

2.0 

(b) Watecshed W31003 Storm 6 
1.6 A 

L 
L GEO method 

n n 

Time - hr 

Figure 8. Typical Predicted and Observed Hydrographs. 

SUMMARY AND CONCLUSIONS 

A unit hydrograph method was developed for pre- 
dicting runoff hydrographs from ungaged watersheds. 
A generalized IUH was developed using Clark's con- 
cepts (1943). A key component in this theory is the 
value of a dimensionless storage coefficient, K,. Proce- 
dures to estimate K, were proposed using calibrated 
values from 142 rainfall-runoff events. Equations were 
developed using only geomorphic parameters and us- 
ing a combination of storm and geomorphic param- 
eters. Both approaches resulted in substantial 
uncertainty in the estimation of K.. Information was 
presented to represent K. as a random variable. 

Thirty-seven, independent rainfall-runoff events 
were used to test the method. Five different unit 
hydrographs were considered. The SCS dimensionless 
unit hydrograph (SCS, 1972) was selected as a stan- 
dard design technique from which to compare relative 
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accuracy. The other four methods differ only in the 
procedure to estimate K,. For this test data set, the all 
four methods more accurately predicted the observed 
runoff hydmgraph than the SCS method. The method 

a t h a t  estimated K. using only geomorphic parameters 
was recommended. With this method, approximately 
one-half of the test stonns had percent errors in pre- 
dicted peak flow rates was less than 30 percent com- 
pared to 105 percent of the SCS method. 

Although the prediction accuracy of the proposed 
method is better than the SCS method, the uncertainty 
in accurately predicting K, suggests the need to repre- 
sent K, as a random variable. Monte Carlo or 'other 
statistical techniques could be used to reflect the uncer- 
tainty in K. in the resulting runoff hydrograph. Incor- 
poration of uncertainty in hydrologic parameters 
remains a fertile area for additional research. 
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c. Certainly, the techniques for establishing AMC 
are. varied and subject to some argument. When gauged 
information is not available, reliance on regional informa- 
tion is essential in establishing an AMC. Otherwise, the 
engineer may be forced to assume a conservative estimate 
for this parameter. 

6-4. Surface Loss  Estimation 

a. Rainfall losses are due to both surface storage and 
soil infiltration. In the field, the surface storage and 
infiltration of rainwater are dynamically interconnected. 
The interconnection occurs primarily via surface depres- 
sion and detention storage. Detention storage increases 
infiltration rate by adding a small (less than an inch) 
pressure head to the wetting front. This additional head is 
insignificant when compared to the suction head which 
drives soil infiltration. Detention storage increases appar- 
ent infiltration by delaying surface flow and providing 
more catchment retention time for water to infiltrate. In 
general, these effects are minor when compared to the 
problem of estimating the magnitude of surface loss and 
the in-situ capacity of soils to infiltrate water. Conse- 
quently, the typical approach is to separate these hvo 
contributions to rainfall loss unless surface losses are 
empirically included in the loss rate method. For exam- 
ple, the SCS curve number method includes surface losses 
directly into the method. 

b. Surface loss is a function of land use and differs 
greatly between forested, agricultural, and urban areas. 
According to Viessman et al. (1977), interception of rain- 
fall by surface cover is greatest for a forest and decreases 
for agricultural and urban land uses. Schomaker's (1966) 
measured values of interception for a spruce forest were 
30 percent of the annual rainfall and for a birch forest 
were 9.5 percent of annual rainfall. Horton (1919) 
reported that the interception for rainfall events greater 
that 0.25 in. is approximately 25 percent of the total rain- 
fall. The Viessman et al. (1977) conclusion from this 
information is that interception for forested regions is 
approximately 10 to 20 percent of the total precipitation, 
at least for rainfall events less than 2.0 in. In general, 
one should not expect interception losses to exceed 0.5 in. 
for a particular rainfall event. 

c. Agricultural watershed surface losses are a func- 
tion of crop development and management practice. 
Interception of rainfall by crops was computed by 
Linsley, Kohler, and Paulhus (1975) using equations 
developed by Horton (1919). They found that for a stonn 
depth of 1.0 in., the interception ranged from 3 to 16 per- 
cent for small grain crops such as wheat and milo. This 

compares well to the study by Schomaker (1966), since 
interception by these crops should be less than that of a 
forest due to the smaller leaves and sparser cover pro- 
vided by these crops. 

d. Detention storage in agricultural areas is strongly 
affected by the time since tillage occurred and the overall 
management practice. Lindcn (1979) used random rough- 
ness and land surface slope in microrelief models to 
predict depression storage due to tillage (note random 
roughness is essentially a measure of the variation of soil 
heights from the surface plane). He predicted that depres- 
sion storage could be as high as 0.5 in, immediately after 
tillage. The depression storage will decrease with time 
after tillage due to the impact of rainfall. Linden's results 
do not account for increased storage capabilities due to :. 
management practice such as contour plowing. Horton 
(1935) estimated that detention storage for agricultural 
lands, natural grass lands, and forests range from 0.5 to 
1.5 in. 

e. Surface losses in urban areas differ for open and 
impervious areas. Interception losses for open areas 
(lawns, parks etc.) can probably be considered of the 
same magnitudes as forest or pasture land. However, the 
depression storage in the open areas is probably not as 
great as in natural areas because grading has taken place 
and there is probably less surface litter. The surface loss 
for impervious areas is small and usually taken as 0.1 to 
0.2 in. Table 6-1 summarizes the surface losses that can 
be used for each land use type. The values listed in 
Table 6-1 are a suggested range based on previous 
research work and experience. If these values are not in 
line with local experience of a particular watershed, the 
modeler should by all means use any local infomation. 

6-5. Infiltration Methods 

a. Green and Ampt. The Green and Ampt method is 
explained and illustrated in detail below. 

(I) Method development. The Green and Ampt 
(GA) method (Mein and Lars011 1973) assumes the same 
simple soil model and initial conditions as that of the 
Richards equation, a uniform soil profile of infinite extent, 
and constant initial water content. As the water content at 
the soil surface increases, the method models the move- 
ment of the infiltrated water by approximating the wetting 
front with a piston type displacement (Figure 6-5). 

(a) The piston displacement model, as originally 
developed, must be modified to account for surface losses 
and variable rainfall rates (time varying surface moisture 
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Table 6-1 
Surface Losses 

Interception Losses 
Aoricultural Areas 

Alfalfa . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .I 1 I 0.11 

Crop 

Corn . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Cotton . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Tobacco . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Small grains . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Meadowarass . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Mrom Linslev. Kohler. and Paulhus 1975) 

Forest Areas (from Viessman et al. 1977) 
10.20% total rainfall, maximum 0.5 in. 

Height 
ft. 

6 

4 

4 

3 

1 

Interception 
in. 

0.03 

0.33 

0.07 

0.16 

0.08 

Detention Storaqe (from Horton 1935) 

conditions). The surface loss is modeled for an initial The cumulative infiltration loss is calculated by the GA 
loss as follows: method: 

Agricultural Areas 
(Depending on time sense tillage) 

Forests/Grasslands 

Total Surface Loss 

r(t) - 0 for P(I )  5 Ia I 2 0 (6-1) 
I = = K S ~  i > K (6-3) 

[(ilK) - 11 [(dlldt) - K ]  

r(t) = r,(t) for ~ ( t )  > I~ t 2 0 (6-2) 

where 

0.5 - 1.5 in. 

0.5 - 1.5 in. 

Urban Areas 
Open Areas 

Impervious Areas 

where 
dlldt=i(t) = infiltration rate 

0.1 - 0.5 in. 

0.1- 0.2 in. 

P(t) = cumulative precipitation over the 
watershed K = soil's hydraulic conductivity 

r(r) = rainfall intensity adjusted for surface losses SJ = product of the wetting front suction, h,, and 
the soil volumetric deficit at the beginning of 

t = time since the start of rainfall the storm 

r,(t) and 1, = depth of surface loss assumed to be uni- A8 and I = cumulative infiltration 

form over the watershed 



Flood Control District 
of Maricopa County 

Date: November 2,2004 

To: Valerie Swick, Project Manager 
Planning & Project Management Division 

From: Julie Cox, Hydrologist 
Engineering Division 

Subject: Entellus Agricultural Analysis 

Introduction 

The current FCDMC's rainfall-runoff modeling approach may over-estimate flow rates for 
agricultural lands. The pilot study for agricultural fields in Buckeye areas attempts to study the 
rainfall-runoff modeling process for agricultural fields by collecting farmland data and investigating 
rainfall initial abstraction, lag time, routing, and ponding areas in the agricultural fields. The pilot 
study attempts to use the observed data to calibrate the HEC-1 models. However, due to the lack of 
obsirved rainfall data, the calibration process is not recommended since the S-graph init 
hydrograph approach (UI cards) should not be used in the proposed approach where the iaigation 
ditch water is treated as the rainfall. After FCDMC's own literature search, it is concluded that the. 
cutrent FCDMC rainfall-runoff modeling approach for agricultural fields should be used except that 
the Kn values (Man&g's roughness for drainage areas) should be increased. The data collected in 
the pilot study can be used to estimate Kn values. 

Literatme Search 
FCDMC did a literature search and found that hlgher roughness coefficients should be used for 
agricultural fields. Based on Soil Consemahon Service (June, 1986), the Manning's n values are as 
follows: 

Table 3-1 Roughness coefficients (Manning's n) for sheet flow 
Smooth surfaces (concrete, asphalt, 
gravel, or bare soil) .......................................... 0.01 1 
Fallow (no residue) ............................................... 0.05 
Cultivated soils: 
Residue cover 620% ......................................... 0.06 
Residue cover >20% ......................................... 0.17 
Grass: 



. . Short grass prame ............................................ 0.15 
Dense grasses 2/ ............................................... 0.24 
Bermudagrass ................................................. 0.41 
Range (natural) ................................................... 0.13 - 

Woods:3/ 
Lght underbrush ............................................ 0.40 
Dense underbrush ............................................ 0.80 
1 The n values are a composite of information compiled by Engman 
(1986). 
2 Includes species such as weeping lovegrass, bluegrass, buffalo 
grass, blue grama grass, and native grass muttures. 
3 When selecting n , consider cover to a heght of about 0.1 ft. This 
is the only part of the plant cover that will obstruct sheet flow. 

Based on Hydrologic Engineering Center (September, 1990), the Manning's n values for overland 
flows are as follows: 

............................................... 
Resistance Factor for Overland How 

Asphalt/Concrete* 0.05 - 0.15 a 
Bare Packed Soil Free of Stone 0.10 c 
Fallow - No Residue 0.008 - 0.012 b 
Convential Tillage - No Residue 0.06 - 0.12 b 
Convential Tillage - With Residue 0.16 - 0.22 b 
Chisel Plow - No Residue 0.06 - 0.12 b 
Chisel Plow - With Resldue 0.1 0 - 0.16 b 
Fall Disking - With Residue 0.30 - 0.50 b 
No Till - No Residue 0.04 - 0.10 b 
No Till (20-40 percent residue cover) 0.07 - 0.17 b 
No Till (60-100 percent residue cover) 0.17 - 0.47 b 
Sparse Rangeland with Debris: 
0 Percent Cover 0.09 - 0.34 b 
20 Percent Cover 0.05 - 0.25 b 
Sparse Vegetation 0.053 - 0.13 f 
Shoa Grass Prairie 0.10 - 0.20 f 
Poor Grass Cover On Moderately Rough 0.30 c 
Bare Surface 
Light Turf 0.20 a 
Average Grass Cover 0.4 c 
Dense Turf 0.17 - 0.80 a,c,e,f 
Dense Grass 0.17 - 0.30 d 
Bermuda Grass 0.30 - 0.48 d 
Dense Shrubbery and Forest Litter 0.4 a 
Legend: a) Harley (1975), b) Engman (1986), c) Hathaway (1945), d) Palmer (1946),e) Ragan and 
Duru 
(1972), f )  Woolhiser (1975). (See Hlemfelt, 1986) 



*Asphalt/Concrete n value for open channel flow 0.01 - 0.016 

I) ------.---- -..... -- ----. .. .. - -- - -- - ---- -- -- ---- 

Based on McLaughlin Kmetty Engmeers and George Sabol Consulmg Engmeers (May, 1992), the 
lag time for agricultural/grass watersheds would be about 3 tunes larger than the lag for a 
comparable rangeland watershed and a Kn value of 0.2 was used in the flood insurance study for the 
Buckeye areas. 

The data collected in the pilot study can be used to estimate the Kn values. Some of the data 
include the advance time which measues the time period between the tune when the irrigation 
ditches are opened at the upstceam boundary of the field and the time when the wave arrives at the 
downstream outlet. If the advance time is assumed to be reasonably close to the time of 
concentration, then the lag time can be estimated by using LagTime=O.6*TimeOfConcentration. 
The value of 0.6 is based on Soil Conservation Service (Chow et al., 1988). Then, the Kn values can 
be estimated by solving for Kn value in the current District's lag time equation. FCDMC did a 
preliminary analysis for one area (99-16) and found Kn is 0.3. 

McLaughlin Kmetty Engmeers and George Sabol Consulmg Engmeers (May, 1992) also 
recommended the use of Muskingum-Cunge method for channel routmg (Appenchx BB in their 
report). 

Recommendation 
1. Kn values (watershed average roughness values) need to be estimated based on the advance time 
collected in the pilot study. The advance time can be considered as time of concentration. The lag 
time can be obtained by multiplying 0.6 with the t h e  of concentration. The current Dlstr~ct's lag 
time equation should be used when estimating I(n values. This task should not take more than 1 
hour. The averaged I h  value may be used for the Buckeye ADMS HEC-1 S-graph agricultural m t  
hydrograph modeling. Muskingum-Cunge method should be used for channel routmg. 

2. The consultant needs to frnalize the pilot study report by organizing the collected data and 
estimating the Kn values. 
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RESULTS: 

Idgeticm UlidelWIE): W W  Benellcle#y Used/ Tda) OBpth 
lE = 44.1% 

~ h , ,  "ar 



FURROW IRRIGATION EVALUATION SUMMARY SHEET No. 0054 

TWAed depth Orwater penebabbn: - 4 ff Was W targeted derih met?: ygq, 



FURROW IRRIGATION EVALUATION SUMMARY SHEET NO. 99-15 - 
Irrigation Goal: Replenish soil moisture in the root zone 

FIELD INFORMATION: 
Plant Date: 05105199 Today's Date: 06115199 

Lengthffl): 2526 WIdthffl): 1516 Set Wdth(fl): 226 
Field sizefac): 87.91 Set Area(ac): 13.11 FieldlD #: .- 
Grade(M1OOft): 0.50 Side Grade: 0.60 Cmp ID #: 3 

WATER SOURCE: 

Supply Source: RID lmgation #: 2 Salinity(ppm): 
(estimte) 

SOILS INFORMATION: 

Plimar/ So11 Series: Laveen Texture: Sandy Loam 
Average AWHC fora 4 foot m t  zone: -W6.@nches 
Leaching Needs: 0.176 inches 
Average Amount to Refill Root Zone: 1.76 inches 
Total Amount Needed: 2.11 inches 

Ottler Soil Info: 

IRRIGATION INFORMATION: 
lnigation htervel: 
Imgation system: ry Graded furrow with tailwater recove s stem Funows per sev 43 
Flow Rate: 264 Miner's inches 220 Miner's Inches (amount ordered) 
(masuredJ 7 6.60 Cubic Feet per Second 

d6' 2962 Gallons per Minute 
69 Gallons per Minute per Furrow 

Set Time, hours: 12.00 Total Depth Applied: 6.04 inches Runoff(nitia1): 16.8% 
Amount hfiltrated: (Amount Applied - Amount of Runoff): 5.03 inches Runoqavail): 0.0% 

Water Senefidcally Used = Total Amount Needed + Assumed Reused Runoff 
"Initial runoffis taihvatermeasured leaving tfla field. 
"Available runoffassumes a 15% loss, due to seepage and evaporation, from the initial amount 
" A M  - Available Water Holding Capacity 

RESULTS: 

Applicafion Efficiancv(AE) = Total Amount Needed/ Total Depth Applied 

AE = 29.2% 

Imgation Effidency(1E): = Water Beneficially Used/Total Depth Applied 

IE = 29.2% 

Was inisation goal achieved? Yes 



FURROW IRRIGATION EVALUATION SUMMARY SHEET NO. 99-15 

Advance Times: Min.: 53 min Max.: 3 hr 50 min Avg.: 2 hr5 min 

Targeted depth of water penetration: - 4ft Was this targeted depth men: & 



a BORDER IRRIGATION EVALUATION SUMMARY SHEET NO. 99-16 

Irrigation Goal: To replenish soil moisture deficit. 

FIELD INFORMATION: 
Plant Date: 10195 Today3 Date: 06115199 

Length(fl): 1200 Width(R): 1514 Set Wldm(R): 70 
Field size(ac): 41.71 Set Area(ec): 1.93 6" Field ID #: =Z&i 

0.34 Grade(W100f): Side Grade: 1.70 Crop ID #: I 

WATER SOURCE: 

Supply Sourn. RID lnigation #: 2 Saiinity(pprn): 1100 
(estimate) 

SOILS INFORMATION: 

Primary Soil Series: Perryville Texture: Gravelly Loam 
Abera~e AWHCfwa 4 RRoot Zone: 2.Hcj.T inches 
Leaching Needs' 0.73 inches 
Average Amount to RefiIIRoot Zone: 1.83 inches 
Total Amount Needed: 2.57 inches 

Other Soil Info: Soil was sandy with cobbles with a callche layer at about the 2 to three foot level 

IRRIGATION INFORMATION: 
- 

Irrigation system: Graded border Bordem per set 2 
Flow Rate: 330 Mlnefs Inches 300 Miner's Inches (amount ordared) 
(measumd) 8.25 Cubic Feet per Second 

3703 Gallons per Minute 
1851 Gallons per Minute per Border 

Set Time, hours: 1.45 Total Depth Applied : ,6.20 inches Runoff(initia1): 5.9% 
Amount lnfihted: (Amount Applied- Amount of Runoff). 5.84 inches Runoffavail): 0.0% a 

WaterBenaficiaNy Used = Total Amount Needed + Assumed Reused Runoff 
"Initial runoff is taihvatermeasured leaving the field. 
-Available ~ n o f f  assumes a 15% loss, due to seepage and evaporation, from the initial amount, 

- Available Water Holding Capacity 

RESULTS: 

Application EfficienqfAE) = Total Amount Needed/Total Depth Applied 

AE = 29.6% 

lnigation Efficiency(E): = Water Beneficially Used/ Total Depth Applied 

IE = 29.6% 

Was inigation goal achieved? In theorv. ves. 



.. BORDER IRRIGATION EVALUATION SUMMARY SHEET NO. 99-16 

Advance Times: Min.: 2 Max.: 2 Avg.: 2 

Targeted depth of water penetram: a Was this targeted depth men: Yes. 





0 Buckeye Sunvalley Agricultural Study 
4-2-4 Field Photo Summary 

1 Picture Picture Direction I 





m = rn 
3: Pumped rater Return into Feeder Ditch 



- 6: Overflow Structure 



7: Border Irrigated Field 



10: Furrow Irrigated Crops - Early Planting Stage 
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12: Roadway Runoff Ponding Along Edge of Border Irrigated Field 
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13: Furrow Irrigated Crops Just After Planting 

14: Berm Along Edge of Field 
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- 16: Berm Along Edge of Border Irrigated Field 



II,, 19: Distribution Ditch - Siphon Crossing Under Roadway 







23: Tailwater Pond 



24: Tailwater Pond 

rn 25: Young Alfalfa Field 
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Drainage Design Manual for Maricopa County Hydrology: Rainfall Losses 

@ I Green and Ampt Infiltration Equation 

This model, first developed in 1911 by W.H. Green and G.A. Ampt, has since the early 1970s, 
received increased interest for estimating rainfall infiltration losses. The model has the form: 

where: 

f = infiltration rate (L/T), 

i = rainfall intensity (LIT), 

K, = hydraulic conductivity, wetted zone, steady-state rate (L/T), 

y = average capillary suction in the wetted zone (L), 

q = soil moisture deficit (dimensionless), equal to effective soil porosity 
times the difference in final and initial volumetric soil saturations, 
and 

F = depth of rainfall that has infiltrated into the soil since the beginning of 
rainfall (L). 

A sound and concise explanation of the Green and Ampt equation is provided by Bedient and 
Huber (1988). 

It is important to note that as rain continues, F increases and f approaches K ,  and therefore, f is 
inversely related to time. Eauation (4.1) is implicit with respect to fwhich causes computational 
difficulties. Eggert (1976) simplified Eauation (4.1) by expanding the equation in a power series 
and truncating all but the first two terms of the expansion. The simplified solution (Li and others, 
1976) is: 

I 

F = -0.5(2~ - K , A ~ ) +  0 .512~  - K,At)' + ~ K , A ~ ( B ~  + F)V 
where: 

At = the computation interval, and 

F = accumulated depth of infiltration at the start of At. 

The average filtration rate is: 

4-8 November 2003 (Drafl) 



Drainage Design Manual for Maricopa County Hydrology: Rainfall Losses 

f @ Use of the Green and Ampt equation as coded in HEC-1 involves the simulation of rainfall loss as 
<. 

a two phase process, as illustrated in Fiaure 4.2. The first phase is the simulation of the surface 
retention loss as previously described; this loss is called the initial loss (IA) in HEC-1. During this 
first phase, all rainfall is lost (zero rainfall excess generated) during the period from the start of 
rainfall up to the time that the accumulated rainfall equals the value of IA. It is assumed, for mod- 
eling purposes, that no infiltration of rainfall occurs during the first phase. Initial loss (IA) is pri- 
marily a function of land-use and surface cover, and recommended values of IA for use with the 
Green and Ampt equation are presented in Table 4.2. For example, about 0.35 inches of rainfall 
will be lost to runoff due to surface retention for desert and rangelands on relatively flat slopes in 
Maricopa County. 

The second phase of the rainfall loss process is the infiltration of rainfall into the soil matrix. For 
modeling purposes, the infiltration begins immediately after the surface retention loss (IA) is com- 
pletely satisfied, as illustrated in Fiaure 4.2. The three Green and Ampt equation infiltration 
parameters as coded in HEC-1 are: 

hydraulic conductivity at natural saturation (XKSAT) equal to K, in Eauation (4.1); 

wetting front capillary suction (PSIF) equal to y in Eauation (4.1); and 

volumetric soil moisture deficit at the start of rainfall (DTHETA) equal to 0 in Eauation 

The three infiltration parameters are functions of soil characteristics, ground surface characteris- 
tics, and land management practices. The soil characteristics of interest are particle size distri- 
bution (soil texture), organic matter, and bulk density. The primary soil surface characteristics 
are vegetation canopy cover, ground cover, and soil crusting. The land management practices 
are identified as various tillages as they result in changes in soil porosity. 

Values of Green and Ampt equation parameters as a function of soil characteristics alone (bare 
ground condition) have been obtained from published reports (Rawls and others, 1983; Rawls 
and Brakensiek, 1983), and average values of XKSAT and PSlF for each of the soil texture 
classes are shown in columns (2) and (3) of Table 4.1. A best-fit plot of columns (2), (3). (4) and 
(5) is shown on Fiaure 4.3. Fiaure 4.3 should be used for selection of values of PSlF and 
DTHETA based on XKSAT. The values of XKSAT and PSIF from Table 4.1 or Fiaure 4.3 should 
be used if general soil texture classification of the drainage area is available. References used to 
create Table 4.1 can be found in the Documentation Manual. 

In Table 4.1, loamy sand and sand are combined. The parameter values that are shown in the 
table are for loamy sand. The hydraulic conductivity (XKSAT) for sand is often used as 
4.6 incheslhour, and the capillary suction (PSIF) is often used as 1.9 inches. Using those param- 
eters values for drainage areas can result in the generation of no rainfall excess which may or .* 
November 2003 (Draft) 4-9 



Drainage Design Manual for Maricopa County Hydrology: Rainfall Losses 

f-a may not be correct. Incorrect results could cause serious consequences for flood control plan- 
ning and design. Therefore, it is recommended that, for watersheds consisting of relatively small 
subareas of sand, the Green and Ampt parameter values for loamy sand be used for the sand 
portion of the watershed. If the area contains a large portion of sand, then either the Green and 
Ampt method should be used with the parameter values for loamy sand or the IL+ULR method 
should be used with the appropriately determined values for the parameters. 

Table 4.1 
GREEN AND AMPT LOSS RATE PARAMETER VALUES FOR BARE GROUND 

Soil Texture XKSAT PSIF DTHETA' 
Classification incheslhour inches Dry Normal Saturated 

(1 (2) (3) (4) (5) (6) 
loamy sand & sand 1.20 2.4 0.35 0.30 0 
sandy loam 
loam 
silty loam 
silt 
sandy clay loam 
clay loam 
silty clay loam 
s y d y  clay 
s~lty clay 
clay 

Notes: 
1. Selection of DTHETA 

DI-Y = Nonirrigated lands, such as desert and rangeland; 

Normal = Irrigated lawn, turf, and permanent pasture; 

Saturated = lrrigated agricultural land. 

November 2003 (Draft) 



Drainage Design Manual for Maricopa County Hydrology: Rainfall Losses 

FIGURE 4.3 
COMPOSITE VALUES O F  PSlF AND DTHETA A S  A FUNCTION O F  XKSAT 

(TO BE USED FOR AREA-WEIGHTED AVERAGING OF GREEN AND AMPT PARAMETERS) 

0.01 

November 2003 (Draft) 
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Drainage Design Manual for Maricopa County Hydrology: Rainfall Losses 

@ 
The soil moisture deficit (DTHETA) is a volumetric measure of the soil moisture storage capacity 
that 1s available at the start of the rainfall. DTHETA is a function of the effective porosity of the 
soil. The range of DTHETA is 0.0 to the effective porosity. If the soil is effectively saturated at the 
start of rainfall then DTHETA equals 0.0; if the soil is devoid of moisture at the start of rainfall then 
DTHETA equals the effective porosity of the soil. 

Under natural conditions, soil seldom reaches a state of soil moisture less than the wilting point 
of vegetation. Due to the rapid drainage capacity of most soils in Maricopa County, at the start of 
a design storm the soil would not be expected to be in a state of soil moisture greater than the 

field capacity. 

However, Maricopa County also has a large segment of its land area under irrigated agriculture, 
and it is reasonable to assume that the design frequency storm could occur during or shortly after 
certain lands have been irrigated. Therefore, it would be reasonable to assume that soil moisture 
for irrigated lands could be at or near effective saturation during the start of the design rainfall. 

Three conditions for DTHETA have been defined for use in Maricopa County based on anteced- 
ent soil moisture condition that could be expected to exist at the start of the design rainfall. 
These three conditions are: 

"Dry" for antecedent soil moisture near the vegetation wilting point 

"Normal" for antecedent soil moisture condition near field capacity due to previous 
rainfall or irrigation applications on nonagricultural lands; and 

"Saturated" for antecedent soil moisture near effective saturation due to recent irriga- 
tion of agricultural lands. 

Values of DTHETA have been estimated by subtracting the initial volumetric soil moisture for 
each of the three conditions from the soil porosity. 

The value of DTHETA "Saturated" is always equal to 0.0 because for this condition there is no 
available pore space in the soil matrix at the start of rainfall. Values of DTHETA for the three 
antecedent soil moisture conditions are shown in Table 4.1. DTHETA "Dry" should be used for 
soil that is usually in a state of low soil moisture such as would occur in the desert and range- 
lands of Maricopa County. DTHETA "Normal" should be used for soil that is usually in a state of 
moderate soil moisture such as would occur in irrigated lawns, golf courses, parks, and irrigated 
pastures. DTHETA "Saturated" should be used for soil that can be expected to be in a state of 
high soil moisture such as irrigated agricultural land. However, judgement should be exercised 
when using a "Saturated" condition, particularly for large areas of irrigated land as it is unlikely 
that the entire area is being irrigated at the same time. 

4-12 November 2003 (Drafl) 
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-@ Procedure for Areally Averaging Green and Ampt Parameter Values 

Most drainage areas or modeling subbasins will be composed of several subareas containing 
soils of different textures. Therefore, a composite value for the Green and Ampt parameters that 
are to be applied to the drainage areas for modeling subbasins needs to be determined. The 
procedure for determining the composite value is to average the area-weighted logarithms of the 
XKSAT values and to select the PSlF and DTHETA values from a graph. 

The XKSAT value (and naturally occurring rock outcrop percentage) for each map unit as identi- 
fied by the National Resources Conservation Service (NRCS) is provided in Appendix C. The 
data contained in this appendix covers the majority of the northern portion of Maricopa County. 
The values for XKSAT listed in the appendix are weighted based on the percentage of each 
unique soil texture present in the map unit and take into consideration the horizon depth of the 
unique soil textures in regard to the expected depth of infiltration during the design storm dura- 
tion. An example of the weighting procedure along with other assumptions and criteria used in 
developing the XKSAT values are provided at the front of Appendix C. The composite XKSAT is 

calculated by Eauation (4.4): 

XXT = slog( 
AT 

where: 

=T = composite subarea hydraulic conductivity, incheslhour 

XKSAT, = hydraulic conductivity of a map unit, incheslhour 
(from Appendix C) 

Ai = size of subarea 

AT = size of the watershed or modeling subbasin 

Affer XKSAT is calculated, the values of PSlF and DTHETA (normal or dry) are selected from 
Fiaure 4.3, at the corresponding value of XKSAT. 

Procedures for Adjusting XKSAT for Vegetation Cover 

The hydraulic conductivity (XKSAT) can be affected by several factors besides soil texture. For 
example, hydraulic conductivity is reduced by soil crusting, increased by tillage, and increased by 
the influence of ground cover and canopy cover. The values of XKSAT that are presented for 
bare ground as a function of soil texture alone should be adjusted under certain soil cover condi- 
tions. 

November 2003 (Draft) 4-13 
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<-@ Ground cover, such as grass, litter, and gravel, will generally increase the infiltration rate over 
that of bare ground conditions. Similarly, canopy cover - such as from trees, brush, and tall 
grasses - can also increase the bare ground infiltration rate. The procedures and data that are 
presented are for estimating the Green and Ampt parameters based solely on soil texture and 
would be applicable for bare ground conditions. Past research has shown that the wetting front 
capillary suction parameter (PSIF) is relatively insensitive in comparison with the hydraulic con- 
ductivity parameter (XKSAT); therefore only the hydraulic conductivity parameter is adjusted for 
the influences of cover over bare ground. 

Procedures have been developed (Rawls and others, 1989) for incorporating the effects of soil 
crusting, ground cover, and canopy cover into the estimation of hydraulic conductivity for the 
Green and Ampt equation; however, those procedures are not recommended for use in Maricopa 
County at this time. A simplified procedure to adjust the bare ground hydraulic conductivity for 
vegetation cover is shown in Fiaure 4.4. This figure is based on the documented increase in 
hydraulic conductivity due to various soil covers as reported by investigators using rainfall simu- 
lators on native western rangelands (Kincaid and others, 1964; Sabol and others, 1982a; Sabol 
and others, 1982b; Bach, 1984; Ward, 1986; Lane and others, 1987; Ward and Bolin, 1989). 
This correction factor can be used based on an estimate of vegetation cover as used by the 
NRCS in soil surveys; that is, vegetation cover is evaluated on basal area for grass and forbs, 
and is evaluated on canopy cover for trees and shrubs. Note that this correction can be applied 

' 

only to soils other than sand and loamy sand. 

The influence of tillage results in a change in total porosity and therefore a need to modify the 
three Green and Ampt equation infiltration parameters. The effect of tillage systems on soil 
porosity and the corresponding changes to hydraulic conductivity, wetting front capillary suction, 
and water retention is available (Rawls and Brakensiek, 1983). Although this information is avail- 
able, it is not presented in this manual, nor is it recommended that these adjustments be made to 
the infiltration parameters for design purpose use in Maricopa County, because for most flood 
estimation purposes it cannot be assumed that the soil will be in any particular state of tillage at 
the time of storm occurrence and therefore the base condition infiltration parameters, as pre- 
sented, should be used for flood estimation purposes. However, appropriate adjustment to the 
infiltration parameters can be made, as necessary, for special flood studies such as reconstitu- 
tion of storm events. 

November 2003 (Draft) 
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FIGURE 4.4 
EFFECT OF VEGETATION COVER ON HYDRAULIC CONDUCTIVITY 

FOR HYDRAULIC SOIL GROUPS B, C, AND D, AND FOR ALL SOIL TEXTURES 
OTHER THAN SAND AND LOAMY SAND 

0 10 20 30 40 50 60 70 80 90 100 

Vegetation Cover (Vc) ,  in % 
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Selection of IA, RTIMP, and Percent Vegetation Cover for Urban Areas 

Table 4.2 contains suggested values for IA, RTIMP, and percent vegetation cover for various nat- 
ural conditions and urban land use types. The values in Table 4.2 are meant as guidelines and 
are not to be taken as prescribed values for these parameters. Note that the values for RTIMP 
reflect effective impervious areas not total impervious areas. Also, note that the values for per- 
cent vegetation cover are for pervious areas only. These three parameter values are used in the 
calculation of average subbasin parameters for the Green and Ampt loss method as described 
above. Sound engineering judgement and experience should always be used when selecting 
rainfall loss parameters and assigning land use categories for any given watershed. 

4-16 November 2003 (Draft) 
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Hydrology: Rainfall Losses 

Table 4.2 
IA, RTIMP, AND VEGETATIVE COVER DENSIN FOR REPRESENTATNE LAND USES 

IN MARICOPA COUNTY 

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

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

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

November 2003 (Draft) 





Entellus Inc. 
CLIEhT: Floao Coolrol D sac1 of Mar mad Corlll{ 
JOB: B L L ~ ~ ) c  Sun Va e) Agr r. tbrd P,ol St.,, 

BY JCS DATE 111112004 
CHECK DATE 

JOB U 118.001 
SHEET OF 

Route Geometry for System Model 
Route data development for routing through fields 

Runoff Routing Through Fields 
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Entellus Inc. 
CLIENT: Flood Control District of Maricopa County 
JOB: Buckeye Sun Valley Agricultural Pilot Study 

BY GA DATE 1011/2004 
CHECK ,/f DATE 1/// /4 

JOB # i i8.001 
SHEET OF 

Development of Precipitation Distributions Hydrology Models 
Precipitation Distribution for Furrow Irrigated Field and 6-Hour Storm 
Note: For combined Shour storm and 12-hour furrow irrigation event, antecendant moisture condition should be set to "Wet." 



CLIENT: Flood Control District of Maricopa County @ ~~~~~~~~~e Sun Valley Agricultura Pilot Study 

BY GA DATE 101112004 
CHECK & DATE / / / / / d  

JOB# 118.001 
SHEET OF 

Development of Precipitation Distributions Hydrology Models 
Precipitation Distribution for Border Irrigated Field and 6-Hour Storm 



Figure 1: Mass Curve for 6-Hour, 100-Year Storm and Furrow Irrigated Field 
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Figure 2: Mass Curve for 6-hour, 100-Year Storm and Border Irrigated Field 

Time, in hours 





Entellus Inc. BY JCS DATE 
CLIENT: Flood Control District of Maricopa County CHECK HAA DATE 
JOB: Buckeye Sun Valley Agricultural Pilot Study JOB# 118.001 

SHEET OF 

Unit Hydrograph Development Using District S-Graphs 
Unit-Hydrographs for Calibration Models 

MODEL: sets.txt (Observed Sets Model) 
FIELD: 00-34 

DESCRIPTION: Calibration of Initial Abstraction to Reproduce Observed Runoff Volume 
S-Graph Parameters 

Basin Name 00.34 These unit hydrographs are 
Basin Area [miz] 0.021 
Basin Lag [hrl 0.81 
Time Step [minl 5 

irrelevant because the 
Time Step [hrl 0.0833 
a",, 163 

model was used for 
S-Graph Type Agricultural calibrating the runoff volume 

only. 

U I  AND COMHENT CARDS I I 
r Agricultural  S-Graph for Basin 00-34 
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* Time Step b i n 1  = 5 
* p u l t  - 163 
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JOB: Buckeye Sun Valley Agricultural Pilot Study JOB# 118.8 

Unit Hydrograph Development Using District SGraphs 
unit-~idro&aphs for Caiibration Models 

MODEL: sets.txt (Observed Sets Model) 
SUBBASIN: 00-34 

DESCRIPTION: Calibration of lnitlal Abstraction to Reproduce Observed Runoff Volume 



Entellus Inc. BY JCS DATE 
CLIENT: Flood Control District of Maricopa County CHECK DATE 
JOB: Buckeye Sun Valley Agricultural Pilot Study JOB# 118.001 

SHEET OF 

Unit Hvdrooraoh Develooment Usina District S-Graohs . " .  - 
Unit-Hydrographs for Caiibratlon Models 

MODEL: sets.txt (Observed Sets Model) 
FIELD: 00-34 (Area Halved to Account For Furrows) 

DESCRIPTION: Callbrat~on of inltlai Abstraction to Reoroduce Observed Runoff Volume 
S-Graph Parameters 

Basin Name 00-34 
Basln Area [miz] 0.011 
Basin Lag Ihrl 0.81 

irrelevant because the 
Time Step [min] 5 
Time Steo lhrl 0.0833 

model was used for 
, .  . 

Q",, 
s-Graph Type Agricultural lcalibrating the runoff volume 1 

only. 

I I 
UI lUfD COWNT CAUDS 
Agricultural S-Graph for Basin 00-34 
Basin Area [mi21 - 0.011 . Basin Lag [hrl = 0.81 

* Time Step Iminl - 5 
Qult = 85 

(1 vs. Time 



- Entellus Inc. BY JCS DATE 
CLIENT: Flood Control District of Maricopa County CHECK DATE 
JOB: Buckeye Sun Valley Agricultural Pllot Study JOE # 118.001 

cuec7 n c  

Unit Hydrograph Development Using Distrlct S-Graphs 
Unit-Hydrographs for Calibration Models 

MODEL: sets.M (Observed Sets Model) 
SUEBASIN. 00-34 lArca H a h o  rr, Acc0.n For TLrrOhS) 

DESCRIPTION: Cal orallon of in 1 :>I A.~srrac! on 10 Rcproldct. Ooscnca R ~ r o n  VI .me 



Entellus Inc. BY JCS DATE 
CLIENT: Flood Control District of Maricapa County CHECK DATE 
JOB: Buckeye Sun Valley Agricultural Pilot Study JOB# 118.001 

SHEET OF 

Unit Hydrograph Development Uslng District S-Graphs 

only. 

Vnit-Hydrographsfor Calibration Models 
MODEL: sets.txt (Observed Sets Model) 

FIELD: 99-15 
DESCRIPTION: Calibration of Initial Abstraction to Reproduce Observed Runoff Volume 

I I 
UI AND COMHENT CARDS 

Agricultural S-Graph for Basin 99-15 

S-Graph Parameters 

Basin Name 99-1 5 
Basin Area [mi4 0.02 
Basin Lag [hrl 1.20 
Time Step [min] 5 
Time Step [hrl 0.0833 

Q"I, 155 
S-Graph Type Agricultural 

t Basin Area [mi21 = 0.02 
* Basin Lag [hrl = 1 . 2  
* Tilne Step [minl = 5 
* Qult = 155 

These unit hydrographs are 
irrelevant because the 
model was used for 
calibrating the runoff volume 

Qvs. Time 



- Entellus Inc. BY JCS DATE 
CLIENT: Flood Control District of Maricopa County CHECK DATE 
JOB: Buckeye Sun Valley Agricultural Pllot Study JOB # 118 001 

EYCCT OE 

Unit Hydrograph Development Using District S-Graphs 
Unit-Hydrographs for Calibration Models 

MODEL: sets.txt (Observed Sets Model) 
SUBBASIN: 99-15 

DESCRIPTION: Calibration of Initial Abstraction to Reproduce Observed Runoff Volume 



a Entellus Inc. BY JCS DATE 
CLIENT: Flood Control District of Maricopa County CHECK DATE 
JOB: Buckeye Sun Valley Agricultural Pilot Study JOB# 118.001 

SHEET OF 

Unit Hydrograph Development Using District S-Graphs 
Unit-Hydrographs for Calibration Models 

MODEL: sets.txt (Observed Sets Model) 
FIELD: 99-16 

DESCRIPTION: Calibration of Initial Abstraction to Reoroduce Obsewed Runoff Volume -. 
S-Graph Parameters 

Rason Name 99-16 ~ h e s e  unit hydrographs are 1 - -. . . . . . - . . . . ~~ ~ 

Basin Area [miz] 
Basin Lag [hr] o 1.20 irrelevant because the 
Time Step [minl 
Time Step [hrl 0.0833 lmodel was used for I 
Q",, 
S-Graph Type "alibrating the runoff volume / Agricultural 

only. 

UI AND COWWNT CARDS 
L I 

r Agricultural 8-Graph for Basin 99-16 
* Basin Area [mi21 - 0.02 
* Basin Lag [hrl = 1.2 
* Time Step [minl = 5 

* Qult - 155 
* 

Q vs. Time 



Entellus Inc. BY JCS DATE 
CLIENT: Flood Control District of Maricopa County CHECK DATE 
JOB: Buckeye Sun Valley Agricultural Pilot Study JOB# 118.001 

SHEET OF 

Unit Hydrograph Development Using District S-Graphs 
Unit-Hydrographs for Calibration Models 

MODEL: sets.txt (Observed Sets Model) 
SUBBASIN: 99-16 

DESCRIPTION: Calibration of initial Abstraction to Reproduce Observed Runoff Volume 



Entellus Inc. BY JCS DATE 
CLIENT: Flood Control District of Maricopa County CHECK DATE 
JOB: Buckeye Sun Valley Agricultural Pllot Study JOB# 118.001 

SHEET OF 

Unit Hydrograph Development Using District S-Graphs 
Unit-Hydrographs for Calibration Models 

MODEL: systeml.txt (System of Fields Modeled as Routed and Combined Subbasins) 
SUBBASIN: Svstem 

DESCRIPTION: Generation of typical scenarios of grouped fieids 



Entellus Ine. BY JCS DATE 
CLIENT: Flood Control District of Maricopa County CHECK DATE 
JOB: Buckeye Sun Valley Agricultural Pilot Study JOB # 118.001 

SHEET OF 

Unit Hydrograph Development Using District S-Graphs 
Unit-Hydrographs for Calibration Models 

MODEL: system2.txt (System of Fields Modeled as Single Subbasin) 
FIELD: 

DESCRIPTION: Calibration of Initial Abstraction and Lag Time to Reproduce Results from System 1 Model 
S-Graph Parameters 

Basin Name SYSTEM 
Basin Area [mi2] 1.25 
Basin Lag [hr] 3.30 
Time Step [minl 5 
Time Step [hrl 0.0833 

Quit 9680 
S-Graph Type Agricultural 

UI AND COMMENT C A W S  
* Agricultural S-Graph for  Basin SYSTEM 

* Basin Area [mi21 = 1.25 
* Basin Lag [hrl = 3.3 
* Time step [minl = 5 
* Qult = 9680 
* unit Hydrograph was truncated to 150 ordinates (nax n h e r  allowed by XBC-I) 

0 0:: 49 23 23 23 23 23 23 23 23 41 

49 49 72 81 96 122 122 130 163 

UI 123 122 122 156 163 199 176 155 196 196 

UI 196 196 196 196 196 196 196 196 196 196 

UI 183 163 163 163 163 163 178 180 172 174 

UI 122 122 122 122 130 137 144 108 98 91 

UI 89 89 89 81 70 70 67 65 65 72 

UI 75 72 44 44 44 44 39 3 8 38 3 8 

UI 38 32 29 29 29 29 29 2 9 22 21 

UI 21 21 21 21 21 2 1 21 15 13 13 

UI 13 13 13 13 13 13 13 13 13 13 

UI 13 12 3 3 3 3 3 3 3 3 
UI 3 3 3 3 3 3 3 3 3 3 

UI 3 3 3 3 3 3 3 3 3 3 

UI 3 3 3 3 3 3 3 3 3 

Q vs. Time 
14 

12 

-- 

**--.-.~.~- ~~~~ 

* *  
10 - - 

6 ,~ B 

2 

~~ ----- 

s-+t-c-~- - ---- 

~... -- -~ ~ ~~ 

4..-~ ~~ ~ - --- - .  . - - .~ 

. .. ... *** ~ . -  
** ******* 

0 
0 0.5 1 1.5 2 2.5 3 3.5 4 

Time [hrs] 

-- 



e Entellus Inc. BY JCS DATE 
CLIENT: Flood Control District of Maricopa County CHECK DATE 
JOB: Buckeye Sun Valley Agricultural Pilot Study JOB # 118.001 

SHEET OF 

Unit Hvdroara~h Development Using District S-Graphs 
unit-~idrogyaphs for calibration ~ o d e k  

MODEL: system2.txt (System of Fields Modeled as Single Subbasin) 
SUBBASIN: Svstem 

DESCRIPTION: Calibration of Initial Abstraction and Lag Time to Reproduce Results from System 1 Model 
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SYZ7ffl 
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APPENDIX E. HEC-1 MODELS 

E.1. Observed Sets Input/Output 

E.2. System Models 1 and 2 Inpuffoutput 

E.3. Pilot Study Area Model Input/ Output 



Observed Sets Model 
Calibration of Initial Abstraction Variable Using Observed Runoff Volumes 

HEC- 1 InputIOutput 

* FLOOD HYDROGRAPH PACKAGE (HEC-11 + 

JUN 1998 
VERSION 4.1 

t RUN DATE 02NOV04 TIME 09:31:36 * 

. * t*** ,* f*****  . . . . . . . . . . . . . . . . . . . . . . . . . . .  

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

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

609 SECOND STREET 
DAVIS, CALIFORNIA 95616 

(9161 756-1104 

~"~*~ . *~ , .~~~ . . . . . * . * . . * *~~* *~~~~* , *~ , ,  

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 

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

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

LINE 

1 
2 

ID.. 

HEC-1 INPUT PAGE 1 

..... 1.......2.......3.......4.......5.......6.......7.......8.......9......10 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I**.*.t**.**f******~*~,~,.*******~*~.,.*..*.~~*~~~.~*~.*~*~********~~~.~ 

Project: Buckeye Sunvalley Agricultural Study 
Client: Flood Control District of Maricopa County 
Prepared BY: Entellur Inc. Modelers: J.S. and H.A. 
Entellus 118.001 
File Name: sets.txt Last Updated: 11/2/2004 
storm: Irrigation 
Development Conditions: Existing Conditions at time of N R O  Observation 

~ ~ * ~ ~ * ~ ~ * * +  PRELIMINARY CALIBRATION MODEL % ~ ~ % ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  

* * * * * * * *  THIS MODEL IS PRELIMINARY AND IS SUBJECT TO CHRNGE +""""*" 
*r++**r*+r***r*+*.r, .*. .  C A L I B R A T 1 0  N **************""*'"L" 

*  his model was created as part of the Buckeye Sun valley Area 
* Drainage Master Study - Pilot Agricultural Study. The purpose of the * 
* pilot Study is to examine the Districtms methodology for modeling * 
storm runoff from agricultural areas and recommend any possible * 
improvements to the methodology.   his HEC-1 model was created to 

* calibrate hydrologic modeling parameters so that they accuratley * 
* simulate real life runoff conditions as observed in the field. 

* THIS MODEL WAS USED TO CALIBRATE THE INITIAL ABSTRACTION VARIABLE * 
BY ADJUSTING IT UNTIL THE OBSERVED RUNOFF VOLUME FROM THE FIELD SETS ' 
WERE REPRODUCED. THE LAG TIME WAS NOT CALIBRATED WITH THIS MODEL * 

~t was assumed that all fields were in a nnormalm state of saturation' 
when the NRCD tests were conducted. a11 other   re en and awr 
parameters besides the initial abstraction were estimated using the 
current District methodology. The exact locations of the test fields * 
wae not known. nowever the NRCD recorded the specific soil class * 
present within the sampled field which was used to determine the * 
District recommended Green and Ampt parameters for the field. 

* The pilot study area consists of various types of crops that are * 
rotated and irrigated differently.   he observed data was collected * 

* from field effeciency tests by the NRO. Based on the observed data * 
the tields were grouped into two hydrologic groups: FURROW IRRIGATED 

* and BORDER IRRIGATED. Furrow irrigated crops in the study area 
include corn and cotton.  order irr~gated crops in the study area * 
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LINE 

1 

LINE 

Observed Sets Model 
Calibration of Initial Abstraction Variable Using Observed Runoff Volumes 

HEC- 1 Input/Output 

ID * include wheat and alfalfa. according to observed data for the sampled* 
ID fields, the furrow irrigation is about 6 inches applied aver about 
ID ' 12 hours, and the border irrigation is about 6 inches applied over 
ID ' about 1.5 hours.The precipitation input data reflects these 
ID * irrigation events only and any storm event. Therefore a key 
ID * assumption is that the initial abstraction will not vary between * 
ID the irrigation events and storm events. 
I.... '+**.,"**".*'*.~*.,****'**+'.'*..*~*~.~+*~~****~.*~~...~.~~~*~ 
ID VOLUME CALIBRATION RESULTS 
ID ' Field Code IA Notes 
ID 00-34 la - -  volume did not converge 
ID • 00-34 2a 1.5 Actual IA = 0.75 t o  account for furrows 
ID ' 39-15 la - -  volume did not converse -- 

ID ' 39-15 2e 6.0 ~ctual IA = 3.0 to account for furrows 
ID * 99-16 IC 5.4 Border Irrigation 

HEC-1 INPUT PAGE 2 

'DIAGRAM 
IT 5 
I0 5 

0034 
0 0 0 1 21 ................................................................... 

".'******' FIELD 00-34: purrow Irrigated Field ""** ****"*.****** 
**.'************" Irrigation Event Only ........................ 
'~nitial astraction calibrated to observed ~unoff volume 
****'*"***'*Normal Antecedant Moisture Conditions '*************** 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Calibration Code: 1A (See Appendix Calibration Sheet) 
Target Runotf Volume: 2.1 Acre Feet 

0.021 
5.71 
60 
0 ,476 0.952 1.430 1.906 2.382 2.858 3.334 3.810 4.286 

4.157 5.233 5.710 
0 .25 4.3 .2 0 

Observed Lag Time Used (0.6 x Advance Time) 
Agricultural S-Graph for Basi'n 00-34 
Basin Area [mi21 - 0.021 
Basin Lag [hrl = 0.88 
Time Step [minl = 5 
Qult = 162.62 

HEC-I INPUl PAGE 3 

KO 0 0 0 1 21 
KM Storage route used to estimate volume of runoff from 0034 
RS 1 STOR 0 
SO 0 0 0 
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Observed Sets Model 
Calibration of Initial Abstraction Variable Using Observed Runoff Volumes 

HEC-1 Input/Output 

0034 
0 0 0 1 21 

****...*.****..*~** "*~~*......~..~~.*~**.~*~***~..**..**..*...**.*. 
**"*..*'*.* FIELD 00.34: Furrow Irrigated Field +t++t..'+"'..'*.*. 
*"*******'*'**'** Irrigation Event Only ..*..+'*"'*"*'**'**.**** 
*~nitial Abstraction calibrated to Observed Runoff volume 
***""***"**"Normal Antecedant Moisture Conditions '*"*.*"**".** 
****...*.********~~**~ ~.~.~...*~***.**~~~*~~.~.~~..**.**.*...~*..~. 
Calibration Code: 2a (See Appendix Calibration Sheet) 
~arget ~unoff volume; 2.1 Acre Feet 
Area was halved in order to account for non-wetted furrow portions 
of the field. In order to maintain the same inflow volume, the 
precipitation depth was doubled 

Observed Lag Time Used 10.6 x Advance Time) 
Agricultural S-Graph for Basin 00-34 
Basin Area [mi21 = 0.011 
Baain Lag [hrl = 0.88 
Time Step [rninl = 5 
Qult = 85.18 

HBC-1 INPUT PAGE 4 

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

LINE 

KK SR0034 
KO 0 0 0 1 21 
KM Storacle route used to estimate volume of runoff from 0034 

..-- 
0 0 0 1 21 

...*.........**.*****+*.*.*.....*... ~~~~~*.+.**..*.*..~..*..***.,*. 
**"*"..". FIELD 39-15: purrow Irrigated Field "*"""*L.**.*." 
*"****'*****'**** Irrigation Event Only """L"..........'""" 

*~nitial mibstraction calibrated to observed Runoff volume 
*'**"*'****'Normal Mtecedant Moisture Conditions **'***""*'**** 
f.**.****.******.,.tt.ll*.~*******.,~...,.**..***.*..****~*~.***.*~ 

Calibration Code: Id (See Appendix Calibration Sheet) 
~arget ~unoff volume: 1.07 ncre Feet 

0.02 
6.04 
60 
0 ,503 1.007 1.510 2.013 2.516 3.019 3.522 4.025 4.528 

5.03 5.533 6.040 
2.4 .25 4.30 . 2  0 

Observed Lag Time Used 10.6 x Advance Time) 
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Observed Sets Model 
Calibration of Initial Abstraction Variable Using Observed Runoff Volumes 

HEC-1 Input/Output 

KM ~gricultural S-~raph for sasin 99-15 Calibrated 
KM Basin Area [mi21 = 0.02 
KM Basin Lag lhrl = 1.01 
KM Time Step lminl = 5 
KM Qult - 154.88 

KO 0 0 0 1 21 
KM Storage route used to estimate volume of runoff from 9915 
RS 1 STOR 0 

SE 0 1 500 
HEC-1 INPUT PAGE 5 

LINE 

KM **.**********'**** Irrigation Event Only ""'.***.**."**'*.~~*.~~ 
KM '~nitial i\bstraction calibrated to Observed Runoff volume 
KM *************~ormal ~ntecedant Moisture Conditions -"*t*r"-*.* 
KM .".*"**.,*."***'~~*~~~~,..,..*******.~.~.~~~~~...*...~*.*.**~. 

Calibration Code: 2e (See Appendix Calibration Sheet1 
Target ~unoff volume: 1.07 Acre Feet 
Area was halved in order to account for non-wetted furrow portions 
O €  the field. m order to maintain the same inflow volume, the 
precipitation depth was doubled. 

0.01 
12.0 
60 

0 1 2 3 4 5 6 7 8 9 
10 11 12 
6.0 .25 4.30 . 4  0 

observed ~ a g  ~ i m e  used 10.6 x Advance Time) 
Agricul~ural S-Graph for Basin 99-15 Calibrated 
Basin Area [mi21 = 0.01 
Basin Lag lhrl = 1.01 
Time Step lminl = 5 
Q"lt = 7 7 . 4 4  

KK SR9915 
KO 0 0 0 1 21 
KM Storage route used to estimate volume of runo€f from 9915 
RS 1 STOR 0 
SQ 0 0 0 
SE 0 1 500 
SV 0 1 500 
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Observed Sets Model 
Calibration of Initial Abstraction Variable Using Observed Runoff Volumes 

HEC-1 Input/Output 

HEC-1 INPUT 

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

PAGE 6 

. . .  10 LINE 

KK 9916 
KO 0 0 0 1 2 1 
KM *.***** ........................................................... 
KM ****..*"** FIELD 93-16: Border Irrigated Field ****"**.+*'******* 
KM **"'**"***'**'**' Irrigation Event Only .......................... 
KM *Initla1 &stlaction calibrated to Observed Runoff Volume 
KM **+-***-*.**~~rmal Antecedant Moisture Conditions **-*************  
KM *',.*"""*."."*.*..~*****'****"+'..*~*..*.~*..**.*.*.....*~. 
KM calibration code: lc (See Appendix Calibration Sheet) 
KM Taraet Runoff volume: 0.06 Acre Feet 

Observed Lag Time Used (0.6 x Advance Time) 
~gricultural S-Graph for Basin 99-16 Calibrated 
Basin Area [mi21 = 0.003 
Basin Lag [hrl = 1.13 
Time Step [minl = 5 
Qult = 23.23 

SR9916 
0 0 0 1 21 

Storage route used to estimate volume of runoff from 9916 
1 STOR 0 
0 0 0 
0 1 500 
0 1 500 
0 1 500 

1 HEC-1 INPUT PAGE 7 

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

1 
SCHEMATIC DIAGRAM OF STREAM NETWORK 

INPUT 
T (V) ROUTING I... >) DIVERSION OR PUMP FLOW 

1 . )  CONNECTOR I<---) RETURN OF DIVERTED OR PUMPED PLOW 

0034 



Observed Sets Model 
Calibration of Initial Abstraction Variable Using Observed Runoff Volumes 

HEC-1 InputIOutput 

( * + * I  RUNOFF ALSO COMPUTED AT THIS LOCATION 
........................................ 

FLOOD HYDROGRAPH PACKAGE (HEC-11 + 

JUN 1998 
VERSION 4.1 

^ SUN DATE 02NOV04 TIME 09:31:36 * 

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

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

609 SECOND STREET 
DAVIS, CALIFORNIA 95616 

19161 756-1104 

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

**********  ~* *~~~~~~~~. * , . * *~~~~~**~** *~ . *~ . . . * . . * * * . * . . .~ . * . .~~ . * * . * . * * *  
Project: Buckeye sunvalley Agricultural Study 
client: ~lood control ~istrict of Maricopa County 
Prepared BY: Entellus ~ n c .  ~odele1.9: J.S. and X.A. 
Entellus 118.001 
File Name: sets.txt Last Updated: 11/2/2004 
Storm: Irrigation 
~evelopment conditions:  xis sting Conditions at time of NRCD Observation 

. ~ ~ ~ ~ ~ ~ ~ * ~ *  PRELIMINARY CALIBRATION MODEL + ~ ~ ~ ~ ~ ~ . ~ + ~ ~ ~ ~ ~  
""**" THIS MODEL IS PRELIMINARY ANT IS SUBJECT TO W G E  '***'*"**** 
'*"""*.****'...*'""* C A L 1 8  R * T I O  N . . . . . . . . . . . . . . . . . . . . . . . . .  
~ h i a  model was created as part of the Buckeye Sun Valley Area 
Drainage Master Study - Pilot Agricultural Study. The purpose of the * . pilot study is to examine the District's methadology for modeling . 
storm runoff trom agricultural areas and recommend any possible 
improvements to the methodology. This HEC-1 model was created to * 
calibrate hydrologic modeling parameters so that they accurat1ey 
simulate real life runoff conditions as observed in the field. 

THIS MODEL WAS USED TO CALIBRATE THE INITIAL ABSTRACTION VARIABLE * 
BY RDJUSTING IT UNTIL THE OBSERVED RUNOFF VOLUME FROM THE FIELD SETS 
WERE REPRODUCED. THE LAG TIME WAS NOT CALlBRliTED WITH THIS MODEL 

* ~t was assumed that ail fields were in a 18normaln state of saturation* 
when the N R O  tests were conducted. All other Green and Ampt 
parameters besides the initial abstraction were estimated using the 
current DieCrict methodology. The exact locations of the test fields 
was not know. However the NRCD recorded the specific sail class 
present within the sampled field which was used to determine the * 
District recommended Green and Ampt parameters for the field 

The pilot study area consists of various types of crops that are . 
rotated and irrigated differently. The observed data was collected 
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Observed Sets Model 
Calibration of Initial Abstraction Variable Using Observed Runoff Volumes 

HEC-1 InputfOutput 

from field effeciency tests by the NRCD Based on the observed data * 
* the fields were grouped into two hydrologic groups: FURROW IRRIGATED * 
and BORDER IRRIGATED. Furrow irrigated crops in the study area 
include corn and cotton. Border irrigated crops in the study area 

* include wheat and alfalfa. according to observed data for the sampled' 
fields, the furrow irrigation is about 6 inches applied over about 

* 12 hours, and the border irrigation is about 6 inches applied over * 
about 1.5 hours.The precip~tation input data reflects these 

* irrigation events only and any storm event. Therefore a key 
assumption is that the initial abstraction will not vary between 
the irrigation events and storm eventa.  

***t*l.*tl*t*~*.t**~~~~~~.**f*tl*******t,*tft*+*********t.**.***~~~~~~~* 

VOLUME CALIBRATION RESULTS 
Field Code TR Notes 

* 00-34 la - -  volume did not converge 
' 00-34 2a 1.5 ~ctual IA = 0.75 to account for furrows 

99-15 la - -  volume did not converge 
99-15 2e 6.0 ~ctual IA = 3.0 to account for furrows 
99-16 Ic 5.4 Border Irrigation 

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

5 8  10 OUTPUT CONTROL VARIABLES 
IPRNT 5 PRINT CONTROL 
IPLOT 0 PLOT CONTROL 
QSCAL 0. HYDROGRAPH PLOT SCALE 

IT HYDROGRAPH TIME DATA 
NMIN 5 MINUTES IN COMPUTATION INTERVAL 
T"&TT: 1 O STARTING DATE - . - - ~  - 

ITIME 0000 STARTING TIME 
NQ 1000 NUMBER OF HYDROGWIPH ORDINATES 

NDDATE 4 0 ENDING DATE 
NDTIME 1115 ENDING TIME 
ICENT 19 CENTURY MARK 

COMPUTATION INTERVAL .08 HOURS 
TOTAL TIME BASE 83.25 HOURS 

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

,t. ***  **. ***  *** ***  t f *  *.* ,t* .** *** t*. ***  *,* *.. * * *  ***  t** t*, f f f  f f f  f f *  f*. *.* .** ..* *.. * * *  t** **I .ff *.* ***  

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

59KK 0034 * 

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

60 KO OUTPUT CONTROL VRRIABLES 
IPRNT 5 PRINT CONTROL 
IPLOT 0 PLOT CONTROL 
OSCAL 0. HYDROGWIPH PLOT SCALE 
IPNCH 1 PUNCH COMPUTED HYDROGRAPH 
IOUT 21 SAVE HYDROGRAPH ON THIS UNIT 
ISAVl 1 FIRST ORDINATE PUNCHED OR SAVED 
I SAVZ 1000 LAST ORDINATE PUNCHED OR SAVED 
TIMINT ,083 TIME INTERVAL IN HOURS 
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Observed Sets Model 
Calibration of Initial Abstraction Variable Using Observed Runoff Volumes 

HEC- 1 Input/Output 

OUTPUT CONTROL VARIABLES 
IPRNT 5 PRINT CONTROL 
IPLOT 0 PLOT CONTROL 
QSCAL 0. HYDROGRAPH PLOT SCALE 
IPNCH 1 PUNCH COMPUTED HYDROGRAPH 
IOUT 21 SAVE HYDROGRAPH ON THIS UNIT 
ISAVl 1 FIRST ORDINATE PUNCHED OR SAVED 
ISAV2 1000 LAST ORDINATE PUNCHED OR SAVED 

TIMINT ,083 TIME INTERVAL IN HOURS 

.** **t f f *  *.. ***  ***  ***  ***  * * *  *f, *** **, *,. * * *  . i t  f* .  ***  ***  fl* f f *  * * *  ***  ***  ***  * f ,  .+* f*. f*. ,** ,** ***  t** *.* 

97 KO OUTPUT CONTROL VARIABLES 
IPRNT 5 PRINT CONTROL 
IPLOT 0 PLOT CONTROL 
OSCAL 0. HYDROGRAPH PLOT SCALE 
I PNCH : l lMCH CnMPT.'FII IIYDX'~';RIII II  
IOLT i l  SAVF HYDRO';W\L':I ON TH!S U I I ' I  

TSaV1 1 PlRrT O?O:?i&Ti' l .UImED .i :.hYi . .  - . ~ - - ~  ~ 

ISAV2 1000 LAST ORDINATE PUNCHED OR SAVED 
TIMINT ,083 TIME INTERVAL IN HOURS 

.*, **t ***  **t ***  ***  .,* .t* t t *  ***  ***  I t t  f*. **t * f *  f f *  ***  **. t l f  f f *  f*. *** *** *** *,* **, 1.. f f f  f f f  ***  ***  *.* 

e **.,*.*****%** 

129 KO OUTPUT CONTROL VARIABLES 
IPRNT 5 PRINT CONTROL 
IPLOT 0 PLOT CONTROL 
QSCAL 0. HYDROGRAPH PLOT SCALE 
IPNCH 1 PUNCH COMPUTED HYDROGRAPH 
IOVT 21 SAVE HYDROGWPH ON THIS UNIT ~~~ 

ISAVl 1 FIRST ORDINATE PUNCHED OR SAVED 
ISAV2 1000 LAST ORDINATE PUNCHED OR SAVED 

TIMINT ,083 TIME INTERVAL IN HOURS 

137 KO OUTPUT CONTROL VARIABLES 
IPRNT 5 PRINT CONTROL 
IPLOT 0 PLOT CONTROL 
QSCAL 0. HYDROGRAPH P M T  SCALE 
IPNCH 1 PUNCH COMPUTED HYDROGRAPH 
IOUT 21 SAVE HYDROGRAPH ON THIS UNIT 
ISAVl 1 FIRST ORDINATE PUNCHED OR SAVED 
ISAV2 1000 LAST ORDINATE PUNCHED OR SAVED 

TIMINT ,083 TIME INTERVAL IN HOURS 
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Observed Sets Model 
Calibration of Initial Abstraction Variable Using Observed Runoff Volumes 

HEC-1 Input/Output 

*. .*. .*, t.. ***  * * *  ***  If* f.. .** f* .  * * *  *.* ++. .** ***  t*. ff. f*. * * *  * * f  * * *  *.t f f f  *fl * + *  .. f . I .  f * *  * * *  If. * * *  ,., @ 

167 KO OUTPUT CONTROL VARIABLES 
IPRNT 5 PRINT CONTROL 
IPLOT 0 PLOT CONTROL 
QSCAL 0 .  XYDROGWIPH PLOT SCALE 
IPNCH 1 PUNCH COMPlPPED HYDROGRAPH - - ~  -~~ ~~~ 

I OUT 21 SAVE HYDROGRAPH ON THIS UNIl 
ISAVl 1 FIRST ORDINATE PUNCHED OR SAVED 
ISAVZ 1000 LAST ORDINATE PUNCHED OR SAVED 

TIMINT ,083 TIME INTERVAL IN HOURS 

,*t .*f * f t  **t ..* .*t *** f * *  ***  *I. r.. t f *  t** * * *  Iff *** ***  I.. f*. .** *t* *t* .** ***  * *+  *I*  * * f  .** f f t  f*,  * * f  * 1 ,  * * *  

175 KO OUTPUT CONTROL VARIABLES 
IPRNT 5 PRINT CONTROL 
IPLOT 0 PLOT CONTROL 
OSCAL 0. HYDROGRAPH PLOT SCALE 
IPNCH 1 PUNCH COMPUTED HYDROGRAPH 
IOUT 21 SAVE HYDROGRAPH ON THIS UNIT 
ISAVl 1 FIRST OBDINATE PUNCHED OR SAVED 
ISAV2 1000 LAST ORDINATE PUNCHED OR SAVED 
TIMINT .OR3 TIME INTERVAL IN HOURS 

208 KO OUTPUT CONTROL VARIABLES 
IPRNT 5 PRINT CONTROL 
IPLOT 0 PLOT CONTROL 
QSCAL 0. HYDROGRAPH PLOT SCALE 
IPNCH 1 PUNCH COMPUTED HYDROGMPH 
IOUT 21 SAVE HYDROGRAPH ON THIS UNIT 
IWIV1 1 FIRST ORDINATE PUNCHED OR SAVED 
ISAVZ 1000 LAST ORDINATE PUNCHED OR SAVED 
TIMINT -083 TIME INTERVAL IN HOURS 

*.f ***  t*. * * f  ***  f f *  .+* * * *  **. ***  ***  t f f  f*. *.* f.. * * f  *.* * * *  ++* *t* * * I  * f *  fi* .** * f .  l*. f f f  *.* **. * I f  ***  if* L f *  

OUTPUT CONTROL VARIABLES 
IPRNT 5 PRINT CONTROL 
IPLOT 0 PLOT COhlTROb 
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Observed Sets Model 
Calibration of Initial Abstraction Variable Using Observed Runoff Volumes 

HEC-1 InputiOutput 

QSCAL 
IPNCH 
IOUT 

0. HYDROGRAPH P W T  SCALE 
1 PUNCH COMPLITED HYDROGRAPH 

21 SAVE HYDROGRAPH ON THIS UNIT 
ISAVl 1 FIRST ORDINATE PUNCHED OR SAVED 
ISAV2 1000 LLST ORDINATE PUNCHED OR SAVED 

TIMINT ,083 TIME INTERVAL IN HOURS 

* * *  ,.. * * I  r e *  ***  f f *  * * *  ***  *t+ * f .  * * *  * * *  .., ,** **, Ll. * * *  + I f  f*. * * *  fl. I * *  I*.  *,* * * *  *,* ,f. f f .  **. * * *  .I. *I* * * *  

248 KO OUTPUT CONTROL VARIABLES 
IPRNT 5 PRINT CONTROI 
IPLOT 
QSCAL 
IPNCH 

0 PLOT CONTROL 
0. HYDROGRAPH PLOT SCALE 
1 PUNCH COMPUTED HYDROGRAPH 

I OUT 21 SAVE HYDROGRAPH ON THIS UNIT 
ISAVl 1 FIRST ORDINATE PUNCHED OR SAVED 
ISAV2 1000 LAST ORDINATE PUNMED OR SAVED 

TIMINT ,083 TIME INTERVAL IN HOURS 

RUNOFF SUMMRRY 
FLOW IN CLmIC PEET PER SECOND 

TIME IN HOURS, AREA IN SQUARE MILES 

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

6-HOUR 24-HOUR 72-HOUR 

ROUTED TO 
SR0034 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

ROUTED TO 

JORMAL END OF HEC-1 
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System Model 1 
Extrapolation of Observed Field Data to Systems of Typical Fields 

HEC-1 InputIOutput 

FLOOD HYDRffiRAPH PACKUGE (HEC-11 

JLIN 1998 

VERSION 4.1 

U.S. ARMY CORPS OF ENGINEERS 

HYDROLCGIC ENGINEERING CENTER 

609 SECOND STREET 

DAVIS. CALIFORNIA 95616 

RUN DATE 03NOV04 TIME 16:30:26 . 19161 756-1104 

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 XYX 

THIS PROGRAM REPIACES ALL PREVIOUS VERSIONS OP HEC-1 mOhW AS HECl (JAN 73). HEClGS, HECIDB, AND HEClKW 

THE DEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HRVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTURE. 
THE DEFINITION OF -AMSKK- ON RM-ULRD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS IS THE FORTRAN77 VERSION 
NEW OBTIONS: D N R E A K  OUTFLOW SUBMERGENCE . SINGLE EVENT DAMAGE CALCULATION. DSS:WRITE STAGE FREOUENCY. ..... ~- ~~~ ~~ ~- 

D S S ; R W  TIME SERIES AT DESIRED CIUlCOLllTION INTERVAL LOSS RATE:GREDI AND M E T  INFILTRATION 
KINBMATIC WAVE: NEW FINITE DIFFERENCE AIGORITHM 

HEC-1 INPUT PAGE 1 

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

,. ." 
3 ID Project: Buckeye Sunvalley Agricultural Study 
4 ID Client: Flood Control District of Maricopa County 
5 ID Prepared By: Entellus Inc. Modelers: J.S. and H.A 
6 ID Entellus 118.001 
7 ID Pile Name: systernl.txt Created 10/28/2004 
8 ID 

**EXTRAPOIATION OP OBSERVED SET DATA TO TYPICAL SYSTEMS MODEL ** 
******" THIS MODEL IS PRELIMINARY AND IS SUBJECT TO CHANGE **"*'***'*' 
*".""*."'**"**~...~. E X T R A p 0 L A T 1 0  N '."..*.**"*"'***"' 
 his model was created as part of the Buckeye Sun Valley Area 
Drainage Master Study - Pilot Agricultural Study. The purpose of the * 
pilot study i~ to examine the District's methodology for modeling . . storm runoff from agricultural areas and recommend any possible + 

* improvements to the methodology. This HEC-1 model was created to . calibrate hydrologic modeling parameters so that they accuratley 
eimulate real life runoff conditions as observed in the field. 

+ This model was created in order to extrapolate the data calibrated 
using observed field sets to systems of typical fields. The typical 
field8 each had an area of 80 acres and a slope of 23 feet per mile. . Each system included 10 typical fields that were configured with into. 
two paralell strips of five fields. Runoff from one field was routed . 
through the next downstream field and combined with that fields 
runoff. This was repeated until the the farthest downstream field at ' 
which point runoff from the two strips of five fields was combined. 
The lag time for each typical field was estimated using the lag time 
developed using the observed advance times IKn=0.241. 

" The average initial abstraction obtained trom the observed eeta 
calibration model was used for all of the typical fields. DTHETA was . set to each field according to the data collection and field 
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System Model 1 
Extrapolation of Observed Field Data to Systems of Typical Fields 

HEC-1 Input/Output 

observations that suggested the following moisture distribution 
throughout typical aystems in the area. 

101 of the Fields Are Being Irrigated DTHETA=O to 0.35 
201 of the Fields Are Wet - DTHETA=O 
601 of the Fields Are Normal - DTHETA.O.25 
101 of the Fields Are Dry-Fallow - DTHETA=0.35 

Three systems were modeled: SCENl (All Border Crops1 
SCENZ (All Furrow Crops1 
SCEN~ (Mixed Border and Furrow Cro~sl 

* The subbasins are numbered named according to the type of crop and 
the moisture condition it represents.  he cable below shows the 
subbasin names and what field condition the subbasin models. 

* F C ~  = Furrow crop - Being irrigated 
* F C ~  = ~urrow crop - wet 
FC3 - Furrow Crop - Normal 

* PC4 = Furrow in Fallow - Dry 
ID * FC5 = Border Crop - Being irrigated 
ID ' FC6 = Border Crop - Wet 
ID . FC7 = Border Crop - Normal 
ID * PC8 = Border in Fallow - Dry 

PAGE 2 

LINE 

56 

KK PC5 
KO 0 0 0 1 21 
KM ~escription: Irrigation and Storm Simultaneously 
m mtecedant Moisture Condition: Normal 
m ~rrigation ~ype: Border 
BA 0.125 
PB 9.60 

~ ~ 

PC 9.54 9.57 9.6 
KM Precipitation represents Border ~rrigation and 100-year 6-hour storm 
LG 2 0.25 4 . 3  0.4 0 
KM Aaricultural S-Gra~h for Field Conditions FC5 
KM Basin Area [mi21 = 0.125 
KM Basin Lag Ihrl = 2.2 
KM Time Step Lminl = 5 
KM Qult = 968 

PAGE 3 HEC-1 INPUT 
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@ LINE 

LINE 

System Model 1 
Extrapolation of Observed Field Data to Systems of Typical Fields 

HEC- 1 InputlOutput 

RS 10 FLOW - 1 
RC 0.045 0.045 0.045 1320 0.004 
RX 0 10 510 1010 1510 2010 2490 2500 
RY 2 1 0 0 0 0 2 1 

0 0 0 1 21 
Descriotion: Storm on a field that has been recently irrigated 
mtecedant Moisture Condition: Normal  

Sheet 3 of 49 

Irrigation Type: Border 
0.125 

3.4 
15 
0 0 .1 .1 .1 .2 .2 .2 3 .3 
.O .03 .05 .09 .ll .14 .17 .20 .22 .25 
.3 .40 .47 .73 1.28 2.84 3-10 3.17 3.27 3.40 

precipitation represents loo-year 6-hour storm 
2 0.25 4.3 0.4 0 

Agricultural S-Graph for ~ i e l d  Conditions PC7 
Basin Area [mi21 = 0.125 
Basin Lag lhrl = 2.2 
Time step Iminl = 5 
Quit - 968 

0 3.49 3.49 3.49 3.49 3 .49 5.24 7.33 7.33 11.32 
13.64 18.33 19.07 22.44 18.33 15.65 24.44 30.53 22.46 29.33 
29.33 29.33 29.33 29.33 29.33 258.33 29.33 26.4 24.44 24.44 
24.44 27.57 25.46 23.53 18.33 18 .33 19.07 20.86 18.03 14.41 

HEC-1 INPUT PAGE 4 



1 

LINE 

Extrapolation 
System Model 1 

of Observed Field Data to Systems of Typical Fields 
HEC-1 Input/Output 

ID.. 

HEC-1 INPUT PAGE 5 

FC7 
0 0 0 1 2 1 

~escription: Storm on a field that has been recently irrigated 
Rntecedant Moisture Condition; Normal 
Irrigation ~ y p e :   order 

0 125 
3.4 
A >  

0 0 . I  - 1  1 - 2 .2 - 2  . 3  . 3  
.O .03 .05 .09 .11 .14 .17 .20 .22 -25 
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System Model 1 

LINE 

1 

LINE 

Extrapolation of Observed Field Data to Systems of Typical Fields 
HEC-1 Input/Output 

PC .3 .40 .47 7 3  1.28 2.84 3.10 3.17 3.27 3.40 
KM ~recipitation represents 100-year 6-hour storm 
LG 2 0.25 4.3 0.4 0 
KM Agricultural S-Graph for Field Conditions FC7 
KM Basin Area lrni21 = 0.125 ~-~ - - - ~  . . 
KM Basin Laa [hrl = 2.2 -~ ~ 

KM Time Step [ m i d  = 5 
KM QUlt = 968 

UI 0 3.49 3.49 3.49 3.49 3.49 5.24 7.33 7.33 11.32 ~ ~ 

UI 13.64 18.33 19.07 22.44 18.33 19.65 24.44 30.53 22.46 29.33 
UI 29.33 29.33 29.33 29.33 29.33 29.33 29.33 26.4 24.44 24.44 
UI 24.44 27.51 25.46 23.53 18.33 18.33 19.01 20.86 18.03 14.41 

HEC-1 INPUT PAGE 6 . 

ID.... . . .  1. 
HEC-l INPUT 

. 2  . . . . . . .  3.......4. ...... 5.. 

PAGE 7 

RS 10 FLOW - 1 
RC 0.045 0.045 0.045 1320 0.004 
RX 0 10 510 1010 1510 2010 2490 2500 
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LINE 

System Model 1 
Extrapolation of Observed Field Data to Systems of Typical Fields 

HEC-1 Input/Output 

0 0 0 1 21 
~eacription: S t o m  on a field that has been recently irrigated 
Antecedant Moisture Condition: Normal 
Irrigation Type: Border 

0.125 
3.4 
15 
0 0 .1 -1 .1 .2 .2 .Z - 3  -3 
.O .03 .05 .09 .ll -14 .17 .20 -22 -25 
.3 .40 .41 3 3  1.28 2.84 3.10 3.17 3.27 3.40 

Precioitation reoresentr 100-vear 6-hour storm 
2 0.25 4.3 0.4 0 

Agricultural S-Graph for Field Conditions FC7 
Basin Area [mi21 = 0.125 
Basin Laa [hrl = 2.2 -~ ~ 

Time Step [mid = 5 
Qult = 968 

13.64 18.33 19.07 22.44 18.33 19.65 24.44 30.53 22.46 29.33 
29.33 29.33 29.33 29.33 29.33 29.33 29.33 26.4 24.44 24.44 
24.44 27.57 25.46 23.53 18.33 18.33 19.07 20.86 18.03 14.41 

HEC-1 INPUT PAGE 8 
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System Model 1 

LINE 

Extrapolation of Observed Field Data to Systems of Typical Fields 
HEC-1 Input/Output 

HEC-1 INPUT PAGE 9 

RS 10 FLOW - 1 
RC 0.045 0.045 0.045 1320 0.004 
RX 0 10 510 1010 1510 2010 2490 2500 

KK FC6 
KO 0 0 0 1 21 
KM ~escription: Storm on a field that was just irrigated 
KM mtecedant noisture condition: wet 
KM Irrigation Type: Border 
BA 0.125 
PB 3.4 

KM Precipitation represents 100-year 6-hour storm 
LG 2 0 4.3 0.4 0 
KM Agricultural S-Graph for Field Conditions FC6 
KM Basin Area (mi21 - 0.125 

~ ~ 

KM Basin Lag [hrl = 2.2 
KM Time Step [minl = 5 
KM Qult = 968 
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LINE 

LINE 

System Model 1 
Extrapolation of Observed Field Data to Systems of Typical Fields 

HEC-1 Input/Output 

UI 29.33 29.33 29.33 29.33 29.33 29.33 29.33 26.4 24.44 24.44 
UI 24.44 27.57 25.46 23.53 18.33 18.33 19.07 20.86 18.03 14.41 

HEC-1 INPUT PAGE 10 

KK FC7 
KO 0 0 0 1 21 
KM ~eacription: Storm on a field that has been recently irrigated 
KM mtecedant Moisture Condition: Normal 
KM Irrigation Type: Border 
BA 0.125 
PB 3.4 
IN 15 

HEC-1 INPUT PAGE 11 

- - 

PC .O .03 .05 .09 .I1 .14 .17 .20 .22 .25 
PC .3 .40 .47 .73 1.28 2.84 3.10 3.17 3.27 3.40 
KM Precipitation represents 100-year 6-hour storm 
LG 2 0.25 4.3 0.4 0 
KM Agricultural S-Graph for Field Conditions FC7 
KM  asi in Area [mi21 = 0.125 
m Basin Lag [hrl = 2.2 
m Time Step [mini = 5 
m Qult = 968 

UI 0 3.49 3.49 3.49 3.49 3.49 5.24 7.33 7.33 11.32 
UI 13.64 18.33 19.07 22.44 18.33 19.65 24.44 30.53 22.46 29.33 
UI 29.33 29.33 29.33 29.33 29.33 29.33 29.33 26.4 24.44 24.44 
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LINE 

System Model 1 
Extrapolation of Observed Field Data to Systems of Typical Fields 

HEC-I Inputloutput 

RS 10 PLOW -1 
RC 0.045 0.045 0.045 1320 0.004 
RX 0 10 510 1010 1510 

HEC-1 INPUT PAGE 12 

KO 0 0 0 1 21 
KM ~escription: storm on a field that has been recently irrigated 
KM Antecedant Moisture Condition: Normal 
KM ~rrigation Type: Border 
BA 0 1 2 5  
PB 3.4 
IN 15 
PC 0 0 .I .I .I .2 .2 .2 . 3  .3 
PC .O .03 .05 .09 .11 .I4 .17 .20 .22 .25 
PC .3 .40 .47 .73 1.28 2.84 3.10 3.17 3.27 3.40 
KM PreciDitation re~resents 100-year 6-hour storm 
LG 2 0.25 4.3 0.4 0 
KM ~gricultural S-~raph for Field Conditions PC7 
KM Basin Area [mi21 E 0.125 
KM Basin Laq [hrl = 2.2 
KM Time step [minl = 5 
KM Qult = 968 
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LINE 

System Model 1 
Extrapolation of Observed Field Data to Systems of Typical Fields 

HEC-1 Input/Output 

HEC-l INPUT PAGE 13 

KK RF 
RS 10 F W W  -1 
RC 0.045 0 .045  0.045 1320 0.004 
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LINE 

System Model 1 
Extrapolation of Observed Field Data to Systems of Typical Fields 

HEC-1 Input/Output 

FC7 
0 0 0 1 2 1 

Description: Storm on a field that has been recently irrigated 
Antecedant Moisture Condition: Normal 
Irrigation Type: Border 

0.125 
1 . 4  

Precloltation reoresents 100-year 6-hour storm 
2 0.25 4.3 0.4 0 

Agricultural S-Graph for Field Conditions FC7 
Basin Area [mi21 i 0.125 
Basin La4 lhrl = 2.2 -~ ~ 

Time Step [minl = 5 
Qult = 968 

UI 13.64 18.33 19.07 22.44 18.33 19.65 24.44 30.53 22.46 29.33 
UI 29.33 29.33 29.33 29.33 29.33 29.33 29.33 26.4 24.44 24.44 
UI 24.44 27.57 25.46 23.53 18.33 18.33 19.07 20.86 18.03 14.41 

HEC-1 INPUT PAGE 14 
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LINE 

LINE 

System Model 1 
Extrapolation of Observed Field Data to Systems of Typical Fields 

HEC- I Inputloutput 

HEC-1 INPUT 

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

KK RP 
RS 10 PLOW -1 
RC 0.045 0.045 0.045 1320 0.004 
RX 0 10 510 1010 1510 2010 2490 2500 
RY 2 1 0 0 0 0 2 1 

m Description: Storm on a dry field 
m Mtecedant Moisture Condition: Dry 
KM Irrioation Twe: Purrow 

.3 .40 .47 .73 1.28 2.84 
precipitation represents 100-year 6-hour storm 
0.5 0.35 4.3 0.4 0 

Agricultural S-Graph for Field Conditions FC4 
Basin Area [mi21 = 0.125 
easin Lag fhrl = 2.2 
Time SteD lminl = 5 

PAGE 15 

UI 0 3.49 3.49 3.49 3.49 3.49 5.24 7.33 7.33 11.32 

UI 13.64 18.33 19.07 22.44 18.33 19.65 24.44 30.53 22.46 29.33 

UI 29.33 29.33 29.33 29.33 29.33 29.33 29.33 26.4 24.44 24.44 
UI 24.44 27.57 25.46 23.53 18.33 18.33 19.07 20.86 18.03 14.41 

HEC-1 INPUT PAGE 16 

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

367 

System Model 1 
Extrapolation of Observed Field Data to Systems of Typical Fields 

HEC-1 Input/Output 

HEC-1 INPUT 

RS 10 FWW -1 
RC 0.045 0.045 0.045 1320 0.004 
RX 0 10 510 1010 1510 2010 2490 2500 
RY 2 1 0 0 0 0 2 1 

KO 0 0 0 1 21 
KM Description: Storm on a field that was just irrigated 
KM mtecedant Moisture condition: wet 

PAGE 17 
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LINE 

1 

LINE 

System Model 1 
Extrapolation of Observed Field Data to Systems of Typical Fields 

HEC-1 Input/Output 

PC 0 0 .1 .1 .1 .2 .2 .2 .3 .3 
PC .O .03 .05 .09 1 1  .14 .17 .20 .22 2 5  
PC . 3  .40 .47 .73 1.28 2.84 3.10 3.17 3.27 3.40 
KM Preci~iCation reoresenrs 100-year 6-hour storm 
LG 2 0 4.3 0.4 0 
KM Agricultural S-Graph for Field Conditions FC6 
KM Basin Area (mi21 = 0.125 
KM Basin Lag lhrl = 2.2 
KM Time Steo lminl = 5 

UI 24.44 27.57 25.46 23.53 18.33 18.33 19.07 20.86 18.03 14.41 
HEC-1 INPUT PAGE 18 

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

HEC-1 INPUT PAGE 19 

ID . . . . . . .  1 ....... 2.......3.......4.......5.......6.......7.......8.......9...... 10 
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System Model 1 
Extrapolation of Observed Field Data to Systems of Typical Fields 

HEC-1 Input/Output 

1 HEC-1 INPUT PAGE 20 

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

414 KO 0 0 0 1 21 
415 KM ~escription: ~rrigation and s t o m  simultaneously 
416 KM Antecedant Moisture Condition: Wet 
417 KM Irriaation T w e :  Furrow 

422 PC 1.85 2.04 2.23 2.62 3.3 4.97 5.36 5.75 5.91 6.07 
423 PC 6.24 6.39 6.55 
424 KM Precipitation represents Purrow Irrigation and 100-year 6-hour storm 
425 LD 2 0 4.3 0.4 0 
426 KM Agricultural S-Graph for Field Conditions PC1 
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1 

LINE 

System Model 1 
Extrapolation of Observed Field Data to Systems of Typical Fields 

HEC-1 InputIOutput 

KM Basin Area [mi21 = 0.125 
KM Basin Lag Ihrl = 2.2 
KM Time Step lminl = 5 
KM Qult = 968 

KK RF 
RS 10 FLOW -1 
RC 0.045 0.045 0.045 1320 0.004 
RX 0 10 510 1010 1510 2010 2490 2500 

HEC-1 INPUT PAGE 21 

KK PC3 
KO 0 0 0 1 21 
KM Description: Storm on a field that has been recently irrigated 
KM Antecedant Moisture Condition: Normal 
KM Irrigation TWe: Furrow 
BA 0.125 

KM Precipitation represents 100-year 6-hour  storm 
IX: 2 0.25 4.3 0.4 0 
KM Agricultural S-Graph for Field Conditions PC3 
KM Basin Area lmizl = 0.125 
KM Basin Lag Ihrl = 2.2 
KM Time Step Iminl = 5 
KM Qult = 968 
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LINE 

System Model 1 
Extrapolation of Observed Field Data to Systems of Typical Fields 

HEC-1 Input/Output 

KK CP 
KO 0 0 0 1 21 
HC 2 

HEC-1 INPUT 

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

RS 10 FLOW -1 
RC 0.045 0.045 0.045 1320 0.004 
RY 0 10 510 1010 1510 2010 2490 2500 
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System Model 1 
Extrapolation of Observed Field Data to Systems of Typical Fields 

HEC-1 InputIOutput 

KO 0 0 0 1 21 
KM ~escription: Storm on a field that has been recently irrigated 
KM Antecedant Moisture Condition: Normal 
KM Irrigation Type: Furrow 
BA 0.125 
PB 3.4 
IN 15 

487 
488 
489 
490 
491 
492 
493 
494 
495 
496 
497 
498 
499 

500 
501 
502 
503 

1 

LINE 

PC 0 0 .1 .1 .1 .2 .2 .2 .3 .3 
PC .O .03 .05 ,119 .ll .14 .17 .20 .22 .25 
PC .3 .40 .47 .73 1.28 2.84 3.10 3.17 3.21 3.40 
KM Preci~itation reoresents 100-vear 6-hour storm 
Mj 2 0.25 4.3 0.4 0 
KM Agricultural $-Graph for Field Conditions FC3 
KM Basin Area [mi21 = 0 ,125 
KM Basin Lag [hrl = 2.2 
KM Time Step [mid = 5 

29.33 29.33 29.33 29.33 29.33 
24.44 27.57 25.46 23.53 18.33 

HEC-1 INPUT PAGE 23 

ID.. 
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1 

LINE 

LINE 

System Model 1 
Extrapolation of Observed Field Data to Systems of Typical Fields 

HEC-1 Input/Output 

HEC-1 INPWI PAGE 24 

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

KK RP 
RS 10 FLOW -1 
RC 0.045 0.045 0.045 1320 0.004 
RX 0 10 510 1010 1510 2010 2490 2500 
RY 2 1 0 0 0 0 2 1 

. 

KO 0 0 0 1 21 
KM Deecription: Storm on a field that has been recently irrigated 
KM Antecedant Moisture Condition: Normal 

KM Precipitation represents 100-year 6-hour storm 
IG 2 0.25 4.3 0.4 0 
KM Agricultural S-Graph ior Field Conditions PC3 
KM Basin Area [mi21 = 0.125 
KM  asi in Lag [hrl = 2.2 
KM Time Step [minl = 5 
KM Qult = 968 

18.33 18.33 19.07 
INPUT 

20.86 18.03 14.41 
PAGE 25 
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1 

LINE 

Extrapolation 
System Model 1 

of Observed Field Data to Systems of Typical Fields 
HEC-1 Input/Output 

Sheet 20 of 49 

HEC-1 INPUT PLGE 26 

KK RE 
RS 10 PLOW -1 



LINE 

System Model 1 
Extrapolation of Observed Field Data to Systems of Typical Fields 

HEC-1 Inputloutput 

KK PC2 
KO 0 0 0 1 2 1 
KM Description: Storm on a field that was just irrigated 
KM Antecedent Moisture Condition: Wet 
KM Irrigation Type: Furrow 
BA 0.125 
PB 3.4 
IN 15 
PC 0 0 .I .1 .1 .2 .2 
PC .O .03 .05 .09 .I1 .14 .17 
PC .3 .40 .41 .73 1.28 2.84 3.10 
KM precipitation represents 100-year 6-hour storm 
LG 2 0 4.3 0.4 0 
KM Agricultural S-Graph for Pield Conditions PC2 
m  asi in Area [mi21 = 0.125 
m Basin Lag ihrl = 2.2 
m Time Steo lrninl = 5 - .  
m Qult = 968 

UI 0 3.49 3.49 3.49 3.49 3.49 5.24 7.33 7.33 11.32 
UI 13.64 18.33 19.07 22.44 18.33 19.65 24.44 30.53 22.46 29.33 
UI 29.33 29.33 29.33 29.33 29.33 29.33 29.33 26.4 24.44 24.44 
UI 24.44 27.57 25.46 23.53 18.33 18.33 19.07 20.86 18.03 14.41 

HEC-1 INPUT PAGE 27 

ID.. 

KO 0 0 0 1 2 1 
m ~eacription: s t o m  on a field that has been recently irrigated 
KM Antecedant Moisture Condition: Normal 
KM rrrigation ~ y p e :  Furrow 
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LINE 

1 

LINE 

System Model 1 
Extrapolation of Observed Field Data to Systems of Typical Fields 

HEC-1 Input/Output 

HEC-1 INPUT PAGE 28 

KM Precipitation represents loo-year 6-hour storm 
U.2 2 0.25 4.3 0.4 0 
KM Agricultural S-Graph for Field Conditions FC3 
KM Basin Area lmi21 = 0.125 
m Basin Lag 1dr1 = 2.2 
KM Time step (",in1 = 5 
KM Qult = 968 

HEC-1 INPUT PAGE 29 

KK FC3 
KO 0 0 0 1 21 
KM Description: Storm on a field that has been recently irrigated 
KM Antecedant Moisture Condition: NO-1 
KM Irrigation Type: Furrow 
BA 0.125 
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LINE 

System Model 1 
Extrapolation of Observed Field Data to Systems of Typical Fields 

HEC-1 InputJOutput 

15 
0 0 .I .1 .1 .2 .2 .2 .3 3 
.O .03 .05 .09 .ll .14 -11 .20 .22 .25 
.3 .40 .47 .73 1.28 2.84 3.10 3.17 3.27 3.40 

~recioitation re~resents 100-year 6-hour storm 
2 0.25 4.3 0.4 0 

~griculturel S-Graph for Field Conditions FC3 
Basin Area [mi21 - 0.125 
Basin Leg lhrl = 2.2 
Time Steo Iminl = 5 

KK CF 
KO 0 0 0 1 21 
HC 2 

HEC-1 INPUT PAGE 30 

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

RS 10 FLOW - 1 
RC 0.045 0.045 0.045 1320 0.004 
RX 0 10 510 1010 1510 2010 2490 2500 
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LINE 

System Model 1 
Extrapolation of Observed Field Data to Systems of Typical Fields 

HEC- 1 InpuVOutput 

Sheet 24 of 49 

KK FC3 
KO 0 0 0 1 21 
KM ~escri~tion: Storm on a field that has been recently irrigated 
KM Antecedant Moisture Condition: Norm1 
KM Irrigation Type: Furrow 
BA 0.125 
PB 3.4 
IN 15 
PC 0 0 .I .1 .1 .2 .2 .2 . 3  .3 
PC .O .03 .05 .09 -11 .14 .17 .20 .22 .25 
PC .3 .40 .47 .73 1.28 2.84 3.10 3.17 3.27 3.40 
KM Precipitation represents 100-year 6-hour storm 
LD 2 0.25 4.3 0.4 0 
KM &gri~ultural S-~raph for Field Conditions FC3 
KM Basin Area [mi21 = 0.125 
KM Basin La- Ihrl = 2.2 - .  ~ 

KM Time Step irninl = 5 
KM Qult = 968 

ID.. 

11.32 
29.33 
24.44 
14.41 

PAGE 31 



LINE 

System Model 1 
Extrapolation of Observed Field Data to Systems of Typical Fields 

HEC-1 InputIOutput 

HEC-1 INPUT PAGE 32 

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

RS 10 FLOW -1 
RC 0.045 0.045 0.045 1320 0.004 
RY 0 10 510 1010 1510 2010 2490 2500 

KO 0 0 0 1 21 
KM ~escription: Stom on a dry field 
m Antecedant Moisture Condition: Drv 

Irrigation Type: 
0.125 

~ ~ 

KM Precioitation reoresents 100-year 6-hour storm 
X 0.5 0.35 4.3 0.4 0 
KM Agricultural S-Graph for Field Conditions PC4 
m Basin Area [mi21 = 0.125 . . 
m  asi in Lag Ihrl = 2.2 
m Time Step [mini = 5 
KM Qult - 968 
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System Model 1 

LINE 

LINE 

Extrapolation of ~ b s e r v e d ~ i e l d  Data to Systems of Typical Fields 
HEC-1 Input/Output 

UI 29.33 29.33 29.33 29.33 29.33 29.33 29.33 26.4 24.44 24.44 
UI 24.44 27.57 25.46 23.53 18.33 18.33 19.07 20.86 1803 11.41 

HEC-1 INPUT PAGE 33 

HEC-1 INPUT PAGE 34 

RS 10 FLOW - 1 
RC 0.045 0.045 0.045 1320 0.004 
RX 0 10 510 1010 1510 2010 2490 2500 
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LINE 

748 

System Model 1 
Extrapolation of Observed Field Data to Systems of Typical Fields 

HEC-1 Inputloutput 

KK FC2 
KO 0 0 0 1 21 
KM ~escription: Storm on a field that was just irrigated 
KM mtecedant ~oisture condition: wet 
KM xrrigation Type: Furrow 
BA 0.125 
PB 3.4 

KM Precipitation represents 100-year 6-hour storm 
W 2 0 4.3 0.4 0 
KM ~gri~ult~tral S-~raph for ~ i e l d  Conditions PC2 
KM Basin Area [mi21 = 0.125 . . 
KM Basin Lag [hrl = 2.2 
KM Time Step [rninl = 5 
KM Qult = 968 

HEC-1 INPUT PAGE 35 
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1 

LINE 

System Model 1 
Extrapolation of Observed Field Data to Systems of Typical Fields 

HEC-1 InpuVOutput 

HEC-1 INPUT PAGE 36 

Sheet 28 of 49 



LINE 

e LINE 

System Model 1 
Extrapolation of Observed Field Data to Systems of Typical Fields 

HEC-1 Input/Output 

HEC-1 INPm PAGE 37 

KK FC5 
KO 0 0 0 1 21 
KM Description: Irrigation and Storm Simultaneously 
KM Antecedant Moisture Condition: Normal 
KM Irrigation ~ y p e :  sorder 
BA 0.125 
PB 9.60 
IN 15 
PC 0 0.03 0.05 0.09 0.11 0.14 0.17 0.2 0.22 0.25 
PC 0.34 0.4 1.5 2.8 4.38 6.97 8.26 9.43 9.47 9.5 
PC 9.54 9.57 9.6 
KM Preci~itation re~resents Border ~rrigation and loo-year 6-hour storm 
LG 2 0.25 4.3 0.4 0 
KM Agricultural S-Graph for Field Conditions FC5 
KM Basin Area [mi21 = 0.125 
m  asi in baq Ihrl = 2.2 -~ ~ 

KM Time Step Lminl = 5 
KM (2ult = 968 
* 

RE 10 F W W  -1 
RC 0.045 0.045 0.045 1320 0.004 
RX 0 10 510 1010 1510 2010 2490 2500 
RY 2 1 0 0 0 0 2 1 

HEC-1 INPUT PAGE 38 

ID . . . . . .  1.......2.......3.......4.......5.......6.......1.......8.......9......10 
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System Model 1 
Extrapolation of Observed Field Data to Systems of Typical Fields 

HEC-1 Input/Output 

~~~~ 

KO 0 0 0 1 21 
m Description: Storm on a field that has been recently irrigated 
m Antecedant Moisture Condition: Normal 
m Irrigation Type: Border 
BA 0.125 

KM precipitation represents 100-year 6-hour storm 
LG 2 0.25 4.3 0.4 0 
KM ~gricultural S-Graph for ~ i e l d  Conditions PC7 
KM Basin Area lmi21 = 0.125 
KM Basin Lag lhrl = 2.2 
KM Time Step Lminl = 5 

Qult = 968 

* LINE 

HEC-1 INPUT PAGE 39 

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

System Model 1 
Extrapolation of Observed Field Data to Systems of Typical Fields 

HEC-I Input/Output 

RS 10 P W W  - 1 
RC 0.045 0.045 0.045 1320 0.004 
RX 0 10 510 1010 1510 2010 2490 2500 

UI 
UI 
UI 
UI 

ID.. 

UT 
UI 
UI 
UI 
UI 
UI 

KK 
KO 
HC 

FC7 
0 0 0 1 2 1 

~escription: storm on a field that has been recently irrigated 
Antecedant Moisture Condition: N o m l  
Irrigation Type: Border 
0.125 
3.4 

precipitation represents 100-year 6-hour storm 
2 0.25 4.3 0.4 0 

~gricultural S-Graph for Field Conditions FC7 
Basin Area [mi21 = 0.125 
Basin Lag Ihrl = 2.2 
Time Step Iminl = 5 
Qult = 968 

23.53 18.33 18.33 
HEC-1 INPUT 

. . . . .  4.......5.......6.. 

1 21 

Sheet 3 1 of 49 

24.44 
14.41 
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1 

LINE 

System Model 1 
Extrapolation of Observed Field Data to Systems of Typical Fields 

HEC-1 Inputloutput 

HEC-1 INPUT PAGE 41 

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

KK RP 
RS 10 F M W  -1 
RC 0.045 0.045 0.045 1320 0.004 
RX 0 10 510 1010 1510 2010 2490 2500 

KK PC7 
KO 0 0 0 1 21 
KM ~escrip~ion: Storm on a field t h a t  has been recently irrigated 
KM Antecedant Moisture Condition: Normal 
KM Irrigation Type: Border 
BA 0.125 
PB 3.4 
IN 15 
PC 0 0 .I .I 1 .2 -2 - 2  .3 3 
PC 0 .03 .05 .09 .11 -14 -17 -20 .22 -25 
PC .3 .40 .47 -73 1.28 2.84 3.10 3.17 3.27 3.40 
KM Precipitation represents 100-year 6-hour storm 
LG 2 0.25 4.3 0.4 0 
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887 
888 
889 

890 
891 
892 
893 

1 

LINE 

894 
895 
896 
897 
898 
899 

1 

LINE 

System Model 1 
Extrapolation of Observed Field Data to Systems of Typical Fields 

HEC-1 Input/Output 

KM Agricultural S-Graph for Field Conditions PC7 
KM Basin Area [mi21 = 0.125 
KM Basin Lag lhrl = 2.2 
KM Time Step lminl = 5 
KM Qult = 968 

UI 13.64 18.33 19.07 22.44 18.33 19.65 24.44 30.53 22.46 29.33 
UI 29.33 29.33 29.33 29.33 29.33 29.33 29.33 26.4 24.44 24.44 
UI 24.44 27.57 25.46 23.53 18.33 18.33 19.07 20.86 18.03 14.41 

HEC-1 INPUT PAGE 42 

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

UI 13.33 13.33 12.51 10.48 10.17 9.78 10.47 11.28 7.85 6.67 

HEC-l INPUT PAGE 43 

RS 10 PLOW - 1 
RC 0.045 0.045 0.045 1320 0.004 
RX 0 10 510 1010 1510 2010 2490 2500 
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System Model 1 
Extrapolation of Observed Field Data to Systems of Typical Fields 

HEC- 1 InputIOutput 

KK PC6 
KO 0 0 0 1 21 
KM ~escriotion: Storm on a field that was iust irriaated 
KM mtecebant Moisture Condition: Wet 
KM Irrigation Type: Border 
BA 0.125 
PB 3.4 

KM Precipitation represente 100-year 6-hour storm 
W 2 0 4.3 0.4 0 
KM Agricultural S-Graph for Field Conditions FC6 
KM Basin Area lrni21 - 0.125 . . 
KM Basin Lag [hrl = 2.2 
KM Time Step [rninl = 5 
KM Qult = 968 

HEC-1 INPUT PAGE 44 

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

System Model 1 
Extrapolation of Observed Field Data to Systems of Typical Fields 

HEC-1 Input/Output 

ID.. 

. .. 
0 0 0 1 21 

~escription: Stonn on a field that has been recently irrigated 
~ntecedant Moiafure Condition: Normal 
Irrigation Type: ~urrow 
0125 
3.4 
15 

HEC-1 INPUT PAGE 45 

0 0 .I .1 .I .2 .2 .2 . 3  .3 
.O .03 .05 .09 .I1 .14 .I7 .20 .22 .25 
.3 .40 .47 .73 1.28 2.84 3.10 3.17 3.27 3.40 

~recipitetion repzesenrs loo-year 6-hour storm 
2 0.25 4.3 0.4 0 

agricultural S-oraph for Field Conditions FC3 
Basin Area [mi21 = 0.125 
Basin Lag Ihrl = 2.2 
T l m e  Step Iminl = 5 
Qult = 968 

KK RF 
RS 10 FLOW -1 
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LINE 

System Model 1 
Extrapolation of Observed Field Data to Systems of Typical Fields 

HEC-1 Input/Output 

HEC-1 INPUT PAGE 46 

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

FC3 
0 0 0 1 21 

Description: Storm on a field that has been recently irrigated 
Antecedant Moisture Condition: Normal 
Irrigation Type: Furrow 
0.125 

3.4 
15 
0 0 .1 .I .1 .2 .2 .2 . 3  .3 
.O .03 .05 .09 .ll .I4 .17 .20 .22 .25 
.3 .40 .47 .73 1.28 2.84 3.10 3.17 3.21 3.40 

Precioitation Fenresents loo-year 6-hour storm 
2 0.25 4.3 0.4 0 

~gricultural S-~raph €or Field Conditions FC3 
sasin Area hi21 = 0.125 
sasin Las lhrl - 2.2 - 
Time Step iminl = 5 
Qult = 968 
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System Model 1 

LINE 

1019 
1020 
1021 
1022 
1023 
1024 
1025 

1026 
1027 
1028 
1029 

1 

LINE 

1030 
1031 

Extrapolation of ~ b s e r v e d ~ i e l d  Data to Systems of Typical Fields 
HEC-1 Inputloutput 

HEC-1 INPUT 

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

RS 10 P W W  -1 
RC 0.045 0.045 0.045 1320 0.004 
RX 0 10 510 1010 1510 2010 2490 2500 
RY 2 1 0 0 0 0 2 1 

KK FC3 
KO 0 0 0 1 21 
KM ~escription: s t o m  on a field that has been recently irrigated 
KM Antecedant Moisture Condition: Normal 
KM ~rrigation Type: Furrow 
BA 0.125 
PB 3.4 

PAGE 47 

IN 15 
PC 0 0 .1 .1 .1 .2 .2 .2 .3 .3 
PC .O .03 .05 .09 .ll .14 .17 .20 .22 .25 
PC .3 .40 .47 .73 1.28 2.84 3.10 3.17 3.27 3.40 
KM Precipitation represents 100-year 6-hour storm 
LD 2 0.25 4.3 0.4 0 
KM Aqricultural S-Graph for Field Conditions FC3 
KM BBsin Area [mi21 --0.125 
KM Basin Lag [hrl = 2.2 
KM Time Steo [minl = 5 - .  . 
KM Qult = 968 

UI 0 3.49 3.49 3.49 3.49 3.49 5.24 7.33 7.33 11.32 
UI 13.64 18.33 19.07 22.44 18.33 19.65 24.44 30.53 22.46 29.33 
UI 29.33 29.33 29.33 29.33 29.33 29.33 29.33 26.4 24.41 24.44 
UI 24.44 27.57 25.46 23.53 18.33 18.33 19.07 20.86 18.03 14.41 

HEC-1 INPUT PAGE 48 
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1 

LINE 

System Model 1 
Extrapolation of Observed Field Data to Systems of Typical Fields 

HEC-1 InpuVOutput 

HEC-1 INPUT PAGE 49 

RS 10 F M W  - 1 
RC 0.045 0.045 0.045 1320 0.004 
DY 0 10 510 1010 1510 2010 2490 2500 
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LINE 

System Model 1 
Extrapolation of Obsewed Field Data to Systems of Typical Fields 

HEC-1 Input/Output 

FC4 
0 0 0 1 21 

Description: Storm on a dry field 
Antecedant Moisture Condition: Drv 
Irrigation Type: ~ u r r o w  

0.125 
3.4 
15 
0 0 1 .I .1 .2 .2 .2 .3 .3 
.O .03 .05 .09 .I1 .14 .17 .20 .22 .25 
.3 .40 .47 .73 1.28 2.84 3.10 3.17 3.27 3.40 

precipitation represents 100-year 6-hour storm 
0.5 0.35 4.3 0.4 0 

Agricultural S-Graph for Field Conditions PC4 
Basin Area [mi21 = 0.125 
Basin Lag [hrl = 2.2 
Time Step [rninl -. 5 
Qult - 968 

0 3.49 3.49 3.49 3.49 3.49 5.24 7.33 7.33 11.32 
13.64 18.33 19.07 22.44 18.33 19.65 24.44 30.53 22.46 29.33 
29.33 29.33 29.33 29.33 29.33 29.33 29.33 26.4 24.44 24.44 
24.44 27.57 25.46 23.53 18.33 18.33 19.07 20.86 18.03 14.41 

HEC-1 INPUT PAGE 50 

HEC-1 INPUT 
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System Model 1 
Extrapolation of Observed Field Data to Systems of Typical Fields 

HEC-1 Input/Output * LINE 

KK RP 
RS 10 FLOW - 1 
RC 0.045 0.045 0.045 1320 0.004 

KO 0 0 0 1 21 
KM Description: Storm on a field that war just irrigated 
KM Antecedant Moisture Condition: wet 
KM Irrigation Twe: Furrow 

. O  .03 .05 .09 -11 .14 .17 

.3 .40 .47 .73 1.28 2.84 3.10 
Precipitation represents 100-year 6-hour storm 

2 0 4.3 0.4 0 
Agricultural S-Graph for Field Conditions FC2 
Basin Area [mi21 = 0.125 
Basin Laa lhrl = 2.2 ~- . . 
Time Step [rninl = 5 
Qult = 968 

7.33 7.33 11.32 
30.53 22.46 29.33 
26.4 24.44 24.44 
20.86 18.03 14.41 

PAGE 52 

ID.. LINE 
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System Model 1 
Extrapolation of Observed Field Data to Systems of Typical Fields 

HEC-1 Inputloutput 

1 HEC-1 INPUT PAGE 53 

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

Extrapolation 
System Model 1 

of Observed Field Data to Systems of Typical Fields 
HEC-1 Input/Output 

HEC-1 INPUT PAGE 54 

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

SCHEMATIC DIAGLGRRM OF STREAM NETWORK 

IV) ROUTING (... > I  DIVERSION OR PUMP FLOW 

1.) CONNECTOR ( < - - - I  R E W  OF DIVERTED OR PUMPED FLOW 

CF.. . . . . . . . . . .  
v 
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System Model 1 
Extrapolation of Observed Field Data to Systems of Typical Fields 

HEC-1 Input/Output 

CSCENl 
v 
v 

SRSCEN 

Sheet 43 of 49 



Extrapolation of 
System Model 1 

'Observed Field Data to Systems of Typical Fields 
HEC-1 InputIOutput 

. CF.. 
v 
v 
RF 

CSCENZ 
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Extrapolation 
System Model 1 

'Observed Field Data to Systems of Typical Fields 
HEC-1 InputIOutput 

v 
1114 SRSCEN 

(***I RUNOFF ALSO COMPUTED AT THIS LOCATION 
1 

PEAK 
OPERATION STATION FLOW 

+ 

HYDRODWAPH AT 
+ FC5 172. 

ROUTED TO 
+ RF 171. 

HYDRODWAPH AT 
+ FC7 13. 

2 COMBINED AT 
CF 171. 

RUNOFF S W Y  
FLOW IN CUBIC FEET PER SECOND 

TIME IN HOW\S. AREA IN SQUARE MILES 

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

6-HOUR 24-HOUR 72-HOUR 

6.42 84 22. 7. .25 
.I? 6.42 
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System Model 1 
Extrapolation of Observed Field Data to Systems of Typical Fields 

HEC-1 InputIOutput 

HYDROGRAPH AT 
PC7 13. 7.67 6. 1. 0. .13 

2 COMBINED AT 
CF 171. 6.42 90. 23. 8. .38 

ROUTED TO 
RF 170. 6.75 90. 23. 8. .38 

. 1 7  6.75 

HYDROGRAFH AT 
PC7 

2 COMBINED AT 
CF 

ROUTED TO 
RP 

HYDROGRAFH AT 
FC6 

2 COMBINED AT 
CF 

HYDROGRAPH AT 
FC7 

ROUTED TO 
RE 

HYDROGRAPH AT 
PC7 

2 COMBINED AT 
CF 

ROUTED TO 
RE 23. 9 . 4 2  11. 3. 1. . 2 5  

.03 9 . 4 2  

2 COMBINED AT 
CF 

ROUTED TO 
RF 

2 COMBINED AT 
CF 

ROUTED TO 
RE 

HYDROGRAPH AT 
PC6 

2 COMBINED AT 
CF 

2  COMBINED AT 
CSCENl 

ROUTED TO 
SRSCEN 

HYDROGRAPH AT 
FC1 

6. 1. 

17. 4 .  

17. 4. 

18. 5. 

35. 9 .  

34. 9. 

13. 3. 

4 6 .  12. 

154. 40. 

0. 0. 

45. 12. 
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System Model 1 
Extrapolation of Observed Field Data to Systems of Typical Fields 

HEC- 1 InputIOutput 

ROUTED TO 
RF 92.  6 . 0 0  4 5 .  1 2 .  4 .  . 13  

HYDROGRAPH AT 
PC3 1 3 .  7 .67  6 .  1. 0 .  . 13  

2  COMBINED AT 
CF 9 2 .  6 . 0 0  5 0 .  1 3 .  4 .  . 25  

ROUTED TO 
RE 9 3 .  6 . 42  5 0 .  1 3 .  4 .  . 25  

HYDROGRAPH AT 
FC3 1 3 .  7 . 6 7  6 .  1. 0 .  .13  

ROUTED TO 
RF 9 2 .  7 . 0 8  5 6 .  1 5 .  5 .  . 38  

2  COMBINED AT 
CF 102 .  8 .00  6 1 .  1 6 .  5 .  .50  

ROUTED TO 
RF 1 0 2 .  8 .42  6 1 .  16 .  5 .  .50 

HYDROGRAPH AT 
FC2 2 8 .  8 . 3 3  1 3  3 .  1. . I 3  

2  COMBINED AT 
CF 1 3 0 .  8 . 3 3  7 4 .  1 9 .  6 .  . 63  

HYDROGRAPH AT 
FC3 1 3 .  7 . 6 7  6 .  1. 0 .  - 1 3  

ROUTED TO 
RF 1 3 .  8 . 9 2  6 .  1. 0. . 13  

HYDROGRAPH AT 
FC3 1 3 .  7 . 6 7  6 .  1. 0 .  . 13  

2  COMBINED AT 
CF 2 4 .  8 . 8 3  11. 3 .  1. .25  

ROUTED TO 
RF 2 3 .  9 . 42  11. 3 .  1. .25  

HYDROGRAPH AT 
PC3 1 3 .  7 . 67  6 .  1. 0 .  .13  

2  COMBINED AT 
CF 3 2 .  8 . 8 3  1 7 .  4 .  1. . 38  

ROUTED TO 
RF 3 1 .  9 . 83  1 7 .  4 .  1. . 3 8  

HYDROGRAPH AT 
FC4 4 1 .  8 . 0 8  1 8 .  5 .  2 .  . 1 3  

2  COMBINED AT 
CF 5 7 .  8 . 8 3  3 5 .  9 .  3 .  . 50  

ROUTED TO 
RF 5 4 .  9 . 50  34. 9 .  3 .  .50  

HYDROGRAPH AT 
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System Model 1 
Extrapolation of Observed Field Data to Systems of Typical fields 

HEC-1 Input/Output 

2  COMBINED AT 
CF 76 .  8 .83  46 .  1 2 .  4 .  6 3  

2  COMBINED AT 
CSCENZ 200. 8 .83  120 .  32.  11. 1 . 2 5  

ROUTED TO 
SRSCEN 0 .  . O O  0 .  0 .  0. 1 . 2 5  

62.57 19 .25  

HYDROGRAPH AT 
PC5 172.  5 .58  80.  20. 7 .  . I 3  

ROUTED TO 
R F  171.  6 .00  79. 20 .  7 .  .13 

.17 6 .00  

2  COMBINED AT 
CF 171. 6 .00 85.  22 .  7 .  . 25  

ROUTED TO 
RF 170.  6.42 84.  22. 7 .  . 25  

.17 6.42 

HYDROGRAPH AT 
FC7 13 .  7.67 6 .  1. 0 .  .13 

2  COMBINED AT 
CF 171. 6.42 90. 23. 8 .  .38 

ROUTED TO 
RF 170 .  6.75 90. 23. 8 .  .38 

.17 6 . 7 5  

HYDROGRAPH AT 
FC7 1 3 .  7 .67 6. 1. 0 .  .13 

2  COMBINED AT 
CF 173 .  6 .83  95.  25 .  8 .  .50 

ROUTED TO 
RP 173 .  7 .25  95.  25 .  8 .  .SO 

-17  7 .25  

HYDROGRAPH AT 
FC6 28 .  8 .33  1 3 .  3 .  1 .  .13 

2  COMBINED AT 
CP 193 .  7 .58 108 .  28 .  9 .  .63 

HYDROGRAPH AT 
PC3 1 3 .  7.67 6 .  1. 0 .  .13 

ROUTED TO 
RF 1 3 .  8 .92 6 .  1. 0 .  .13 

.02 8 .92  

HYDROGRAPH AT 
FC3 1 3 .  7.67 6 .  1. 0 .  .13 

2 COMBINED AT 
CF 24. 8 .83  11. 3 .  1. .2 5 

ROUTED TO 
RF 23 .  9.42 11. 3 .  1 .  .2 5 

. 03  9.42 

HYDROGRAPH AT 
FC3 1 3 .  7 .67 6 .  1. 0 .  1 3  

2  COMBINED AT 
CF 32 .  8 .83  1 7 .  4 .  1. .38 

ROUTED TO 
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System Model 1 
Extrapolation of Observed Field Data to Systems of Typical Fields 

HEC-1 Input/Output 

HYDROGRAPH AT 
PC4 

2 COMBINED AT 
CF 

ROUTED TO 
RF 

HYDROGRAPH AT 
PC2 

2 COMBINED AT 
CF 

2 COMBINED AT 
CSCEN3 

ROUTED TO 
SRSCEN 

*** NORMlit END OF HEC-1 *** 
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System Model 2 
Calibration of Observed Field Data to Systems of Typical Fields 

HEC-1 InpuVOutput 

l*.***...***+ ' * . . . . . . " * ~ ~ * * ~ ~ * . * ~ ~ * " ~ ~ . * ~ ~  
.*t...tt.t**t****.t..*.~~~*.....~~..~~~ 

FLOOD HYDRCGRRPH PACWGE (HEC-11 U.S. ARMY CORPS OF ENGINEERS 

JUN 1998 HYDROLOGIC ENGINEERING CENTER 

VERSION 4.1 609 SECONE STREET 

DAVIS. CALIFORNIA 95616 

. RUN DATE 03NOV04 TIME 16:49:41 * 19161 756-1104 

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

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HECl (JAN 731, HEClGS, HECIDB, ANE HEClKW 

THE DEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTURE 

I,' 
THE DEFINITION OF -RMSKK- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 2 8  SEP 81. THIS IS THE FORTRAN77 VERSION 
NEW OPTIONS: DAMBREAK OUTFMW SUBMERGFNCE , SINGLE EVENT DAMAGE CALCUTATION, DSS:WRITE STAGE FREQUENCY, 
DSS:RERD TIME SERIES AT DESIRED CALCULATION INTERVAL M S S  RATEaGREEN ANE AMPT INFILTRATION 
KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM 

LINE ID.. 

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

HEC-1 INPUT PAGE 1 

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
project: suckeye Sunvalley Agricultural Study 
client: Flood Control District of Maricopa County 
prepared BY: Entellus Inc. Modelers: J.S. and H.A. 
Entellus 118.001 
~ i l e  ~ame: system2.txt Created 11/1/2004 

"* '******* CALIBRATION OF INITIAL AESTRRCTION AND LAG TIME **+.****** 
"""** THIS MODEL IS PRELIMINARY ANE IS SUBJECT TO CHRNGE """**'**' 
*  his model was created as part of the suckeye Sun valley Area 
mainage ~aater study - pilot Agricultural study. The purpose of the . 
pilot study is to examine the District's methodology for modeling 
storm runoff from agricultural areas and recommend any possible 
improvements to the methodology. This HEC-1 model was created to 

* calibrate hydrologic modeling parameters so that they accuratley + 

* simulate real life runoff conditions as observed in the field. 

*  his model was created in order to calibrate the parameters adjusted 
* using observed field set data (initial abstraction and lag time) to 
conditions typical of systems of fields. The peak flow and volume . from a system of typical fields was estimated using System Model 1. 
  he initial abstraction and lag times were adjusted until those 
results were achieved.  he initial abstraction was ad3usted to obtain' 
the volume and the lag time was adjusted to obtain the peak flow. * 

* The DTHETA value used in this model represents typical moisture 
conditions throughout agricultural systems. DTHETA was set to 0.19 * . which is somewhere between w e t  and dry conditions. 

ff.****..*'*'..C A L 1 B R A T 1 0  N R E S U L T S ....*.....******* . IA = 1.0 inch 
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System Model 2 
Calibration of Observed Field Data to Systems of Typical Fields 

HEC-1 InputIOutput 

ID Lag = 3.0   ours 
ID *""""f*****L....."~.......*......~...~......***~~~*~..*,*~~~.~~*..., 

. . 
I0 5 

KK SYSTEM 
KO 0 0 0 1 21 
KM .*+****** "."".*...~~.~~*~~~**~...~********~.....***~~~**..,*.*~~ 
KM * Typical 1.25 Square Mile Agricultural Land 
KM * Border and Purrow Crops Mixed 
KM ****'"'*"""* 100-Year &Hour Storm ****. f * t t * t+ . t * ***+** t t t  

KM *"******"" Di~t,.iCt Green and Ampt Method *..'*""**.**.*+*t*+* 
HEC-1 INPUT 

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

KM ~ a g  ~ i m e  and ~nitial Rbstraction ~djusted 
KM Average Antecedant Moisture Condition IDTHETA) = 0.19 
KM .+.* ............................................................ 
KM Calibration code: 4 (See Appendix Calibration sheet1 
VM 

Agricultural S-Graph for Basin SYSTEM 
Basin Area hi21 = 1.25 
Basin Lao [hrl = 3.3 - .  . 

* Time Step lrninl = 5 
Qult = 9680 

* Unit Hydrograph was truncated to 150 ordinates lmax number 
UI 0 23 23 23 23 23 23 

allowed by HEC-1) 
23 23 41 
122 130 163 

KK SYSTEM 
KO 0 0 0 1 21 
KM Storage route used to estimate volume of runoff from GA 
RS 1 STOR 0 
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System Model 2 
Calibration of Observed Field Data to Systems of Typical Fields 

HEC- 1 InputIOutput 

SCHEMATIC DIAGRAM OF STREW NETWORX 
INPUT 
LINE IV) ROUTING I-.. > I  DIVERSION OR PUMP FLOW 

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

37 SYSTEM 
v 
v 

71 SYSTEM 

RUNOFF SUMMARY 
FLOW IN CUBIC FEET PER SECOND 

TIME IN HOURS. AREIL IN SQUARE MILES 

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

+ 6-HOUR 24-HOUR 72-HOUR 

HYDROGRAPH AT 
+ SYSTEM 257. 8.83 159. 44 15. 1.25 

ROUTED TO 
+ SYSTEM 0. .OO 0 .  0. 0. 1.25 
+ 86.86 13.00 

""' NORMAL F.ND OF HEC-I '** 
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Pilot Study Area Modeled ~1100-Year 6-Hour Storm 
(From: 2004 Buckeye Sun Valley ADMS, and moditied with proposed changes to the District methodology) 

Sheet 1 of 18 

FLOOD HYDROGRAPH PACKAGE IHEC-11 * 
OF ENGINEERS . 

J 1998 
ENGINEERING CENTER 

VERSION 4.1 
STREET 

CALIFORNIA 95616 
* RUN DATE 06JAN05 TIME 14:39:03 * 
716-1104 

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

+ U.S. ARMY CORPS 

HYDROLOGIC 

609 SECOND 

DAVIS. 

19161 

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 

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

THE DEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE 
INPUT STRUCTURE. 

THE DEFINITION OF -AMSKK- ON RM-CARD WAS CHANGED WITH REVISIONS DA'PED 28 SEP 81. THIS IS THE FORTRAN77 
VERSION 

NEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE . SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE STAGE 
FREQUENCY. 

DSS:RERD TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT INFILTRATION 
KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM 

1 HEC-1 INPUT 
PAGE 1 

LINE 

1 
2 
3 
4 
5 
6 
7 

8 
9 
10 
11 

12 
13 
14 
15 

16 
17 
18 

lo Buckeyelsun Valley m M S  - November 2004 
ID PBS~J - Modelers: Jacob Lesue h wen Chen 
ID 100-year 6-hour 
ID Existing Conditions 
ID Area 1 - RID to BIC (West1 
ID Rainiall Loss Method - Green & Ampf 
10 unit ~ydrograph ~ethod - FCDMC S-~raph 
10 chamel Routino ~ethod - Normal moth 
ID Land Use - FCDMC GIS Data: mag-landuse 12000) 
ID Soil Data - USDA SCS Soil Survey (1972 & 1981) 
ID units - L(mil Lcalrnil sl£tlmil LAG(min1 
'DIAGRAM 
IT 15 02JAN94 0 400 
I0 3 
IN 15 02JAN94 0 
JD 3.3 0.01 
6-hour distribution. Dattern 1.0 

20 JO 3.28 0.5 
' 6-hour distribution, pattern 1.0 

21 PC 0.0 0.008 0.016 0.025 0.033 0.041 0.05 0.058 0.066 0.074 
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LINE 

Pilot Study Area Modeled ~1100-Year 6-Hour Storm 
(From: 2004 Buckeye Sun Valley ADMS, and modified with proposed changes to the District methodology) 
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6-hour distribution. pattern 1.4 
PC 0.0 0.0084 0.016 0.025 0.0334 0.0414 0.0504 0.0584 0.0664 00748 
PC 0.087 0.0994 0.1188 0.148 0.2304 0.4067 0.7778 0.8813 0.9186 0.9452 
PC 0.9572 0.9684 0.9798 09898 1.0 

6-hour distrlbutlon, pattern 2.3 
PC 0.0 0.011 0.0173 0.0267 0.0387 0.049 0.0593 0.0693 0.0797 0.0903 
PC 0.103 0.1173 0.1383 0.1827 0.2693 0.458 0.686 0.8233 0.8893 0.9293 

KK 68 
KM * * * * * * * * *  *.*"*."*~~*...~*.**,**.......*..~.~...*..~.*.~*~*.*..~~...*~.~.*.~ 
KM .* SUB-WATERSHED E *.* L " . ' * ~ . * * * . * * * * ~ ~ . ~ . ~ ~ * ~ . * ~ * . . . * * . + * ~ . * * * . . , . * . * . .  

KM * " * * * , * " . . " L " L ~ * * * . * . . * . * . ~ . . . * . ~ . . ~ . ~ . ~ . . . * ~ * ~ . * . * * . * * * * ~ * . . * * * . , * . * * . . .  

KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L=O.96 Lca=0.33 S-45.58 Kn=0.050 LAG-22 
KM S-GRAPH TYPE=DESERT RANGELANL 
KO 0 0 0.0 1 22 
BA 0.4130 
LG 0.374 0.334 4.366 0.374 0.0 

HEC-l INPUT 

KK E1-E2 CNAME El 
KM STORAGE ROUTE FROM El TO E2 THROUGH SPRR TRESTLE 
KO 0 0 0.0 0 22 
RS 1 ELEV 871.0 0.0 

KK 59 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L=0.50 Lea-0.17 S=49.34 Kn=O.ZOO LAG=53 
KM S-GRAPH TYPE=AGRICULTUPIE 
KO 0 0 0.0 1 22 
BA 0.2519 
LG 0.46 0.23 4.174 0.497 8.088 
UI 0.0 22.5 84.15 139.94 135.77 109.93 62.24 38.79 21.52 13.5 
UI 9.12 2.19 2.19 2.19 2.19 2.19 0.0 

KK E2 
KM COMBINE STORAGE HYDROGUAPH FROM El WITH RUNOFF FROM 59 a E2 
ZW A=RBW B=E2 C=FLOW E=15MIN F=lOOY6H-EX 
KO 0 0 0.0 0 22 
XC 2 

KK RIDF 
KM **  ' * * " " * * * * * * * * * ' * * * * * ~ * ~ * ~ ~ ~ + * ~ . . . ~ . ~ ~ ~ ~ * ~ ~ ~ * ~ ~ * ~ * + ~ * ~ + + * * * * ~ ~ * ~ ~ * ~ ~ . * ~ ~ ~ ~  
KM **  SUB-WATERSHED p . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
KM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
KM FALSE BASIN TO SIMULATE INFLOW FROM RID 
BA 0.0001 
ZR =QI A-RID RID B=8199 LAT STRUCT C=FLOW-WEIR D=02JAN1994 E=15MIN %RID-100-06E 

KK FlS-F2 WRME F1S 
KM ROUTE INFLOW FROM RID CONCENTRATED AT E1S TO F2 (CHANNEL A) 
KO 0 0 0.0 0 22 
RS 1 FLOW 0.0 0.0 
RC 0.1 0.1 0 3225.0 0.004 0.0 
RX 0.0 250.0 500.0 750.0 1000.0 1333.3 1666.6 2000.0 
RY 10.0 7.5 5.0 2.5 0.0 3.3 6.6 10.0 



1 
PAGE 3 

LINE 

Pilot Study Area Modeled ~1100-Year 6-Hour Storm 
(From: 2004 Buckeye Sun Valley ADMS, and modiiied with proposed changes to the District methodology) 
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KK 27 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L=0.82 Lca=0.41 S-14.59 Kn=O.ZOO LaG.115 
KM S-GRAPH TYPE=AGRICULTURE 
KO 0 0 0.0 1 22 
BA 0.2410 
LG 0.493 0.246 3.979 0.567 1.418 
UI 0.0 7.73 11.05 25.19 43.69 53.56 61.68 64.93 61.32 56.09 

HEC-1 INPUT 

101 KK F2 CNAME F2-F3 
102 KM COMBINE ROUTED HYOROGPAPH FROM F1S WITH RUNOFF FROM 27 B F2 
103 KO 0 0 0.0 0 22 
104 HC 2 

105 KK F2-F3 CNAME FZ 
106 KM ROUTE HYDRPGRAPH FROM FZ TO F3 (CHANNEL A) 
107 KO 0 0 0.0 0 22 
108 RS 8 FLOW 0.0 0.0 
109 RC 0.1 0.1 0.1 5241.87 0.0057 0.0 
110 RX 0.0 250.0 500.0 750.0 1000.0 1333.3 1666.6 2000.0 
111 RY 10.0 7.5 5.0 2.5 0.0 3.3 6.6 10.0 

29 
THE FOLLOWING PARAMETERS WERE PROVIDED EUR THIS BASIN 
L=1.47 Lca=O.73 S=22.92 Kn=0.200 LLG=163 
S-GRAPH TYPE=AGRICULTURE 

0 0 0.0 1 22 
0.9987 

0.5 0.25 3.977 0.548 0.0 
0.0 22.6 22.6 40.44 67.42 122.16 127.17 170.96 171.63 189.8 

189.8 185.58 158.17 166.76 141.69 122.98 113.44 86.27 70.6 65.75 
56.62 40.79 36.5 28.42 27.23 20.63 20.63 15.99 12.82 12.82 
12.82 7.09 2.82 2.82 2.82 2.82 2.82 2.82 2.82 2.82 
2.82 2.82 2.82 2.82 2.82 2.82 2.82 2.82 2.82 0.0 

F3 CNAME F3-F4 
COMBINE ROUTED HYDROGRAPH FROM F2 WITH RUNOFF @ROM 29 D F3 

0 0 0.0 0 22 
2 

F3-F4 CNME F3 
ROUTE HYDRPGRAPH FROM F3 TO F4 (CHIWNEL ?+I 

130 KO 0 0 0.0 0 22 
131 RS 7 FLOW 0.0 0.0 
132 RC 0.1 0.1 0.1 5501.87 0.0058 0.0 
133 RX 0.0 250.0 500.0 750.0 1000.0 1333.3 1666.6 2000.0 

136 KM THE FOLLOWINO P W E T E R S  WERE PROVIDED FOR THIS BASIN 
137 KM L=1.54 Lca=0.77 S-23.99 Kn=0.200 LaG.168 
138 KM S-GRAPH TYPE=AGRICULTURE 
139 KO 0 0 0.0 1 22 

144 UI 81.61 52.05 44.8 39.98 32.6 29.54 24.09 24.09 16.95 14.98 
145 UI 14.98 14.98 7.5 3.3 3.3 3.3 3.3 3.3 3.3 3.3 
146 UI 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 

1 HEC-l INPUT 
PAGE 4 

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

148 KK F4 W E  F4-F5B 
149 KM COMBINE ROUTED HYDROGRAPH FROM F3 WITH RUNOFF FROM 41 @ B4 
150 KO 0 0 0.0 0 22 



Pilot Study Area Modeled w/100-Year 6-Hour Storm 
(From: 2004 Buckeye Sun Valley ADMS, and modified with proposed changes lo  the District methodology) 
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KK F4-F5B CNAME P4 
KM ROUTE HYDRPGQAPH FROM F4 TO F5B (CHANNEL A) 
KO 0 0 0.0 0 22 
RS 4 FLOW 0.0 0.0 
RC 0.1 0.1 0.1 3704.65 0.0061 0.0 

KK 528 
KM THE FOLLOWING PARRMETERS WERE PROVIDED FOR THIS BASIN 
KM L=0.71 Lca=O.32 5-32.56 Kn=O.200 LAG-85 
KM S-GRAPH TYPE=AGRICULTURE 
KO 0 0 0.0 1 22 
BA 0.4953 
LG 0.491 0.251 4.087 0.53 0.349 

KK F58 WAME P5B-F6B 
KM COMBINE ROUTED HYDROGRAPH PROM F4 WITH RUNOFF FROM 52B O F5B 
KO 0 0 0.0 0 22 

KK F5BF6B CNAME F5B 
KM STORAGE ROUTE FROM F5B TO F68 THROUGH SPRR TRESTLE 

608 
THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
L=1.03 LCa=O.35 S=22.68 Kn=O.ZOO LAG=108 
S-GRAPH TYPE=AGRICULTURE 

0 0 0.0 1 22 
0.5744 

UI 2.45 2.45 2.45 0.0 
HEC-l INPUT 

PAGE 5 

LINE 

KK F6B 
KM COMBINE STORAGE HYDROGRAPH FROM P5B WITH RUNOFF FROM 60B a F6B 
ZW A=RBW B=F68 C=FLOW E=15MIN F=100Y6H-EX 
KO 0 0 0.0 0 22 
HC 2 

KK 52n 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L-0.92 Lca=0.57 S=6.91 Kn=0.200 LAG-156 
KM S-GRAPH TYPE=AGIGRICULTURE 
KO 0 0 0.0 1 22 
BA 0.3127 

KK F5AF6A CNAME F5A 
KM STORAGE ROUTE FROM F5A TO F6A THROUGX SPRR TRESTLE 
KO 0 0 0.0 0 22 
RS 1 ELEV 894.0 0.0 
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Pilot Study Area Modeled ~1100-Year 6-Hour Storm 
(From: 2004 Buckeye Sun Valley ADMS, and modified with proposed changes to the District methodology) 
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60A 
THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
L=1.07 Lcas0.46 S-27.51 Kn=0.200 LAG-117 
S-GRAPH TYPE=AGRTCULTURE 

0 0 0.0 1 22 
0.4117 
0.493 0.249 4.045 0.541 0.795 
0.0 12.98 18.15 40.42 73.45 89.47 100.76 109.02 105.38 

88.17 72.54 53.81 42.04 38.73 24.09 20.15 16.03 12.52 
7.37 7.37 6.45 1.62 1.62 1.62 1.62 1.62 1.62 
1.62 1.62 1.62 1.62 1.62 0.0 

KK F6A 
KM COMBINE STORAGE HYDROGRAPH FROM F5A WITH RUNOFF FROM 60A a F6A 
ZW A=RBW B=F6A C=FLOW E=15MIN F=lOOY6H-EX 
KO 0 0 0.0 0 22 
HC 2 

HEC-l INPUT 

KK RIDG 
KM ****** ....................................................................... 
KM **  SUB-WATERSHED G ***.**** " I I * " * * * ' * * ~ * ~ ~ , ~ , * * * , , * . , * * ~ * ~ ~ * . ~ * . ~ ~ . . . * . ~  

KM ****** . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

KM FALSE BASIN TO SIMULATE INFLOW FROM RID 
BA 0.0001 
ZR =QI A-RID RID 8=13399 LAT STRUCT C=FLOW-WEIR D=O2JAN1994 E=15MIN F=RID-100-06E 

KK G3S-G4 CNAME G3S 
KM ROUTE INFLOW FROM RID CONCENTRATED AT G3S TO G4 IMANNEL A) 
KO 0 0 0 0  0 22 
RS 1 FLOW 0.0 0.0 
RC 0.1 0.1 0.1 4594.0 0.004 0.0 
RX 0.0 250.0 500.0 750.0 1000.0 1333.3 1666.6 2000.0 
RY 10.0 7.5 5.0 2.5 0.0 3.3 6.6 10.0 

KM THE FOLLOWING P W E T E R S  WERE PROVIDED FOR THIS BASIN 
KM Lc1.02 Lca-0.51 S=16.68 Kn.0.200 LAG=132 
KM S-GRAPH TYPE=AGRICULTURE 
KO 0 0 0.0 1 22 

KK G4 CNAME G4-G5 
KM COMBINE ROUTED HYDROGRAPH FROM G3S WITH RUNOFF FROM 28 CB G4 
KO 0 0 0.0 0 22 

KK G4-G5 CNAME G4 
KM ROUTE HYDRPGRRPH FROM G4 TO G5 (CHANNEL A) 
KO 0 0 0.0 0 22 
RS 11 PLOW 0 .O 0.0 
RC 0.1 0.1 0.1 7127.48 0.0045 0.0 
RX 0.0 250.0 500.0 750.0 1000.0 1333.3 1666.6 2000.0 

KK 30 
KM THE FOLLOWING PIUULMETERS WERE PROVIDED FOR THIS BASIN 
KM L-1.55 LCa=O.78 S=21.93 Kn=O.200 LAG=172 
KM S-GRAPH TYPE=AGRICULTURE 
KO 0 0 0.0 1 22 
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283 
284 
285 
286 
287 
288 
289 

1 
PAGE 7 

UI 2.63 2.63 2.63 2.63 2.63 2.63 2.63 2.63 2.63 2.63 
HEC-I INPUT 

LINE ID.. 

G5 CNWE G5-66 
COMBINE ROUTED HYDROGRAPH PROM G4 WITH RUNOFF FROM 30 S G5 

0 0 0.0 0 22 
2 

G5-06 CNAME G5 
ROUTE HYDRPGRAPH FROM G5 TO G6 (CHANNEL A1 

0 0 0.0 0 22 
8 FLOW 0.0 0.0 

42 
THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
L~1.56 Lca=0.78 S=22.73 Kn=0.200 LAG=172 
S-GRAPH TYPE=AGRICULTURE 

0 0 0.0 1 22 
0.7784 
0.497 0.25 4.279 0.452 0.465 
0.0 16.69 16.69 27.56 45.45 80.53 97.66 104.52 129.6 140.19 

140.19 140.19 127.73 116.82 127.79 93.09 93.29 78.5 63.72 51.4 
48.31 43.45 30.82 26.96 22.38 20.62 16.46 15.24 14.45 9.47 
9.47 9.47 9.47 2.87 2.09 2.09 2.09 2.09 2.09 2.09 
2.09 2.09 2.09 2.09 2.09 2.09 2.09 2.09 2.09 2.09 
2.09 2.09 0.0 

06 WAME G6-G7 
COMBINE ROUTED HYDROGRAPH FROM G5 WITH RUNOFP FROM 42 S G6 

0 0 0.0 0 22 
2 

G6-G7 WAME 66 
ROUTE XYDRPGRAPH FROM G6 TO G7 (CHANNEL A1 

0 0 0.0 0 22 
4 FLOW 0.0 0.0 

0.1 0.1 0.1 2613.05 0.0069 0 0 
0.0 250.0 500.0 750.0 1000.0 1333.3 1666.6 2000.0 

10.0 7.5 5.0 2.5 0.0 3.3 6.6 10.0 

53 
THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
L=0.91 Lca=0.46 S=23.93 Kn-0.200 LAG=113 
S-GRAPH TYPE=RGRICULTURE 

0 0 0.0 1 22 

335 
336 

1 
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LINE 

UI 6.27 6.27 1.84 1.38 1.38 1.38 1 . 3  1.38 1.38 1.38 
U I  1.38 1.38 1.38 1.38 0.0 

HEC-1 INPUT 

KK G7 CNAME G7-G8 
KM COMBINE ROUTED HYDROGRAPH FROM G6 WITH RUNOFP FROM 53 D G7 
KO 0 0 0.0 0 22 

KK G7-G8 WAME G7 
KM STORAGE ROUTE FROM G7 TO G8 THROUGH SPRR TRESTLE 
KO 0 0 0.0 0 22 
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344 RS 1 ELEV 888.0 0.0 
345 SV 0.0 0.6 4.25 26.94 108.66 257.97 449.6 449.6 449.6 449.6 
346 SV 449.6 449.6 449.6 449.6 449.6 449.6 449.6 449.6 449.6 449.6 
> a 7  SF RRR.0 890.0 892.0 894.0 896.0 898.0 900.0 900.0 900.0 900.0 

353 KK 61 
354 KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
355 KM L-0.90 Lca-0.45 S-23.00 Kn=O.ZOO LAG=113 ~ - -  

356 KM S-GRAPH TYPE=AGRICLLTURE 

1 
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LINE 

G8 
COMBINE STORAGE HYDROGRAPH FROM G7 WlTH RUNOFF FROM 61 G8 
A=RBW E=G8 C=FLOW E=lSMIN F=lOOY6H-EX 

0 0 0.0 0 22 
2 

RIDE ....* ........................................................................ 
" SUB-WATERSHED H *. L"..".'*.*********~*~,*.....~,..*.....*.*~~*.**.~~ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
FALSE EL4SIN TO SIMULATE INFLOW FROM RID 
0.0001 
=QI A=RID RID E=19799 LAT STRUCT CiFLOW-WEIR D=O2JAN1994 E=15MIN F=RID-100-06E 

H3S-H4 CNAME H3S 
ROUTE INFLOW FROM RID CONCWTRATED AT H3S TO H4 (CHANNEL A1 

0 0 0.0 0 22 
RS 1 FLOW 0.0 0.0 
RC 0.1 0.1 0.110193.17 0.005 0.0 
RX 0.0 250.0 500.0 750.0 1000.0 1333.3 1666.6 2000.0 ~ ~~ ~~ ~ 

RY 10.0 7.5 5.0 2.5 0.0 3.3 6.6 10.0 
HEC-1 INPUT 

KK 31 
KM THE POLLOWING PARLMETERS WERE PROVIDED FOR THIS BASIN 
KM L=1.93 Lca=O.97 S-26.40 Ko=0.200 LAG=196 
KM S-GRAPH TYPE=AGRICULTURE 
KO 0 0 0.0 1 22 
EA 1.0788 
KM ENTELLUS CHANGED THE IA TO 1.0 INCHES 
KM ENTELLUS CHANGED THE DTHETA TO 0.19 
LG 1.0 0.19 4.018 0.456 0.852 

KK H4 CNAME H4-H5 
KM COMBINE ROUTED HYDROGRAPH FROM H3S WlTH RUNOFF FROM 31 B H4 
KO 0 0 0.0 0 22 
HC 2 

KK H4-H5 CNAME H4 
KM ROUTE HYDRPGRAPH FROM H4 TO H5 (CHANNEL Bl 
KO 0 0 0 . 0  0 2 2  .~. ~ ~ 

RS 5 FLOW 0.0 0.0 
RC 0.1 0.02 0.1 5382.76 0.0059 0.0 
RK 0.0 1000.0 1006.0 1010.0 1050.0 1054.0 1060.0 2060.0 
RY 10.0 0.0 0.0 1.0 1.0 0.0 0.0 10.0 
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410 KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR TXIS BASIN 
411 KM L=1.92 Lca=O.96 S=20.85 Kn.0.200 LAG=204 
412 KM S-GRAPH TYPE=AGRICULTURE 
413 KO 0 0 0.0 1 22 

425 
426 
427 
428 

1 
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LINE 

KM ENTELLUS CHANGED THE IA TO 1.0 INCHES 
KM ENTELLUS CHANGED THE DTHETA TO 0.19 
LG 1.0 0.19 3.958 0.425 0.66 
UI 0.0 18.12 18.12 20.99 38.04 57.93 94.1 108.05 107.28 138.7 
UI 144.35 152.18 152.18 152.18 142.03 126.81 135.44 126.81 95.11 102.81 
UI 87.2 69.17 61.58 52.32 54.94 42.82 33.73 29.26 26.57 22.38 
UI 21.91 16.54 16.54 16.54 10.58 10.28 10.28 10.28 10.28 2.91 
UI 2.26 2.26 2.26 2.26 2.26 2.26 2.26 2 . 2 6  2.26 7 ? h  

KK H5 CNAME H5-H6 
KM COMBINE ROUTED HYDROGRAPH FROM H4 WITX RUNOFF PROM 43 a H5 
KO 0 0 0.0 0 22 
HC 2 

HEC-1 INPUT 

429 KK H5-H6 CNliME H5 
430 KM ROUTE HYDRPGRRPH FROM H5 TO H6 (CHANNEL Bl 
431 KO 0 0 0.0 0 22 

.... -. 
437 KM THE FOLLOWING PARAMETERS WERE PROVIDED POX THIS BASIN 
438 KM L=1.20 Lca=0.60 S=12.35 Kn4.200 UG=157 
439 KM S-GRAPH TYPE=AGRICULTURE 

441 BA 0.3861 
442 KM ENTELLUS CHANGED THE IA TO 1.0 INCHES 
443 KM ENTELLUS CHANGED THE DTHETA TO 0.19 

450 KK H6 CNAME H6-H7 
451 KM COMBINE ROUTED HYDROGRILPH PROM H5 WITH RUNOFF FROM 54 @ H6 
452 KO 0 0 0.0 0 22 
453 HC 2 

454 KK H6-H7 MAME H6 
455 KM STORAGE ROUTE FROM H6 TO H7 THROUGH SPRR TRESTLE 
456 KO 0 0 0.0 0 22 
457 RS 1 ELEV 890.0 0.0 

62 
THE MLWWING P W E T E R S  WERE PROVIDED FOR THIS BASIN 
L=0.98 Lca=O.49 5-21.54 Kn.O.200 LAG=122 
S-GRAPH TYPE=RGRICULTURE 

0 0 0.0 1 22 
0.5717 
ENTELLUS CHANGED THE IA TO 1 0  INCHES 
ENTELLUS CHAGEND THE DTHETA TO 0.19 
1.0 0.19 4.203 0 . 1 4 4  0.473 
0.0 17.28 22.83 47.88 97.83 104.21 138.24 145.18 145.18 124.21 

130.72 91.16 89.45 63.88 49.84 45.53 30.22 24.7 20.76 15.78 
14.37 9.81 9.81 8.08 2.16 2.16 2.16 2.16 2.16 2.16 
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UI 2.16 2.16 2.16 2.16 2.16 2.16 2 1 6  0.0 
HEC-l INPUT 

PAGE 11 

LINE 

.. , 
COMBINE STORAGE bIYDROGFO.PH PROM H6 WITH RUNOFF FROM 62 CZ X7 
A=RBW B=H7 C=FLOW E=1SMIN F=lOOY6X-EX 

0 0 0.0 0 22 
2 

RID1 .. f*******.*.******~~~~.~~~.~*~*..*.f.f**l**.*t+...t+L.**.+**t***~~~*,***.rt .. SUB-WRTERSHED ....................................................... ............................................................................. 
FALSE BASIN TO SIMVLATE INFLOW PROM RID 
0.0001 
=QI A=RID RID 8=24399 LAT STRUCT C=FLOW-WEIR D=O2JAN1994 E=15MIN F=RID-100-06E 

125-13 WAME 12S 
ROUTE INFLOW FROM RID CONCENTRATED AT 12s TO I3 (CHANNEL A) 

1 PLOW 0.0 0.0 
0.1 0.1 0.18174.00 0.005 0.0 
0.0 250.0 500.0 750.0 1000.0 1333.3 1666.6 2000.0 

32 
THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
L-1.84 Lca=0.92 5.24.34 Kn=O.ZOO LAG=192 
S-GRAPH TYPE=AGRICULTURE 

0 0 0.0 1 22 
0.8959 
0.493 0.249 4.0 0.511 1.146 

I3 CNAME 13-14 
COMBINE ROUTED HYDROGRAPH PROM 12s WITH RUNOFF PROM 32 D I3 

0 0 0.0 0 22 
2 

KK 13-14 CNAME I3 
KM ROUTE HYDRFGRAFH FROM I3 TO I4 (CHANNEL B )  
KO 0 0 0.0 0 22 
RS 10 FLOW 0.0 0.0 

1 
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HEC-1 INPUT 

LINE 

KK 44 
KM THE FOLLOWING PRRMETERS WERE PROVIDED FOR THIS BASIN 
KM L=1.97 Lca=0.98 S=22.43 Kn=0.200 LAG-205 
KM S-GRAPH TYPE=AGRICLTLTURE 
KO 0 0 0.0 1 22 
BA 1.0069 

KK I4 CNAME 14-15 
KM COMBINE ROUTED HYDROGRAPH PROM 13 WITH RUNOFF FROM 44 a I4 
KO 0 0 0.0 0 22 
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540 KK 14-15 CNAME 14 
541 KM ROWE HYDRPGRAPH FROM I4 TO I5 (CHANNEL A1 
542 KO 0 0 0 0  0 22 
543 RS 4 FLOW 0.0 0.0 
544 RC 0.1 0.1 0.1 2589.37 0.0035 0.0 

547 XK 55 
548 KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
549 KM ~=O.97 lea-0.48 ~=12.83 Kn=0.200 L A G = I ~ ~  
550 KM S-GRAPH TYPE-AGRICULTURE 
551 KO 0 0 0.0 1 22 
552 BA 0.2627 

KK I5 WAME 15-16 
KM COMBINE ROUTED HYDROGRAPH FROM I4 WITH RUNOFF FROM 55 15 
KO 0 0 0.0 0 22 
HC 2 

KK 15-16 CNAME I 5  
KM STORAGE ROUTE PROM I S  TO 16 THROUGH SPRR TRESTLE 
KO 0 0 0.0 0 22 
RS 1 ELEV 892.0 0.0 
SV 0.0 0.1 25.1 124.92 273.66 273.66 273.66 273.66 273.66 273.66 
SV 273.66 273.66 273.66 273.66 273.66 273.66 273.66 273.66 273.66 273.66 
SE 892.0 894.0 896.0 898.0 900.0 900.0 900.0 900.0 900.0 900.0 
SE 900.0 900.0 900.0 900.0 900.0 900.0 900.0 900.0 900.0 900.0 

HEC-l INPUT 

575 KK 63 
576 KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
577 KM L=0.95 Lca=0.47 S=20.27 Kn=O.ZOO LAG-120 
578 KM S-GRAPH TYPE=AGRICULTURE 
579 KO 0 0 0.0 1 2 2  
580 BA 0.4994 
581 LG 0.396 0.25 4.192 0.398 20.751 

I6 
COMBINE STORAGE HYDROGRAPH FROM I5 WITH RUNOFF FROM 63 P 16 
A=RBW B=I6 C=FLOW E=15MIN F=100Y6H-EX 

0 0 0.0 0 22 
2 

RIDJ 
**.**** ~~.~~~~~**~.*~~~*~.~~~~~~. . .~ . ' * . . . *~ . . . * . * * , .~ .~ ,~ . .~* .~ .~ , . * . . . *~~*~ 
**  SUB-WATERSHED J . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
.*.*.**.*.*.,*.*. ~ . . . . * . . . * ~ * . ~ . * . ~ . * ~ , ~ . ~ ~ ~ * ~ ~ . * * * ~ * * * * * * * * * * ~ * ~ ~ ~ ~ . ~ ~ . ~ . + * ~  
FALSE BASIN TO SIMULATE INFLOW FROM RID 
0.0001 
=QI A=RID RID B=27599 LAT STRUCT C=FLOW-WEIR D=02JUJ1994 E=15MIN F=RID-100-06E 

J3S-J4 WAME 535 
ROUTE INFLOW FROM RID CONCENTRATED AT 33.3 TO 34 IMRNNEL A) 

0 0 0.0 0 22 
1 FLOW 0.0 0.0 
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605 KK 3 3 
606 KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
607 KM L=1.84 Lca=O.92 S=29.30 Kn-0.200 LAG.185 
608 KM S-GRAPH TYPE=AGRICULTURE 
609 KO 0 0 0.0 1 22 
610 BA 1.0024 

PAGE 14 

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

618 KK J4 CNAME 34-55 
619 KM COMBINE ROUTED HYDROGRAPH FROM 535 WITH RUNOFF FROM 33 a 54 
620 KO 0 0 0.0 0 22 

622 KK 54-55 MAME 54 
623 KM ROUTE HYDRPGRAPH FROM 34 TO J5 (CHANNEL a) 
624 KO 0 0 0.0 0 22 
625 RS 5 FLOW 0.0 0.0 
626 RC 0.1 0.1 0.1 5307.06 0.0077 0.0 
627 RX 0.0 250.0 500.0 750.0 1000.0 1333.3 1666.6 2000.0 

KK 45A 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L=1.97 Lca=O.99 5.25.14 Kn=0.200 LAG-201 
KM S-GRAPH TYPE=AGRICLTLTURE 
KO 0 0 0.0 1 22 
BA 1.0027 
LG 0.496 0.25 3.993 0.441 0.243 
UI 0.0 18.4 18.4 22.16 38.63 61.78 96.59 109.53 112.56 138.24 
UI 152.55 154.54 154.54 154.54 139.08 128.78 137.41 120.73 96.59 109.05 
UI 76.17 70.24 57.78 51.92 58.19 35.12 32.2 29.72 24.14 22.73 
UI 19.64 16.8 16.8 14.01 10.44 10.44 10.44 10.44 6.53 2.3 
UI 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 
UI 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 
UI 2.3 

643 KK J5A CNAME J5A-5B 
644 KM COMBINE ROUTED HYDROGRltPH FROM 54 WITH RUNOFF FROM 45A J5A 
645 KO 0 0 0.0 0 22 
646 HC 2 

647 KK 35A-5B CNLiME J5A 
648 KM ROmE HYDRPGRAPH FROM J5A TO J5E (MRNNEL A) 
649 KO 0 0 0.0 0 22 

1 
PAGE 15 

LINE 

RS 6 FLOW 0 .O 0.0 
RC 0.1 0.1 0.1 2736.25 0.0015 0.0 
RX 0.0 250.0 500.0 750.0 1000.0 1333.3 1666.6 2000.0 

KK 458 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BnSlN 
KM L-0.52 LCa=O.26 S=8.59 Kn=0.200 L116.89 
KM S-GRAPH TYPE=AGRICULTURE 
KO 0 0 0.0 1 22 
BA 0.1397 
LG 0.351 0.25 3.969 0.417 29.714 
UI 0.0 5.79 11.9 30.23 38.5 48.58 48.11 41.75 34.63 28.1 
UI 18.91 15.22 9.82 7.25 5.39 4.12 3.29 2.3 0.72 0.72 
UI 0.72 0.72 0.72 0.72 0.72 0.72 0.72 0.0 

HEC-1 INPUT 

KK 356 CNRME J5B-J6 
KM COMBINE ROUTED HYDROGRAPH FROM J5A WITX RUNOFF FROM 458 O J5B 
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668 K K  558-36 CNAME J5B  
669 KM STORAGE ROUTE FROM 358  TO 3 6  THROUGH SPRR TRESTLE 
670 KO 0  0  0 . 0  0  22 
671 RS 1 ELEV 892 .0  0 . 0  
672 SV 0 . 0  20 .33  9 1 . 4 5  223 .99  223.99 223 .99  223.99 223 .99  223 .99  223 .99  
673 SV 223 .99  223 .99  223 .99  223 .99  223.99 223 .99  223 .99  223 .99  223 .99  223 .99  
674 SE 892 .0  894 .0  896 .0  898 .0  898 .0  898 .0  898 .0  898 .0  898 .0  8 9 8 . 0  

64 
THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
L=0.89 LCa-0.45 S=17.94 Kn=0.200 LAG=117 
S-GRAPH TYPE=AGRICLTLTURE 

0  0  0 . 0  1 22 
0 .4148  

0 . 4 9 1  0 .248  4 .357  0 .445  1 1 8 4  
0 . 0  1 3 . 0 7  1 8 . 2 8  40.72 73 .99  90 .13  1 0 1 . 5 1  109.82 106 .16  92 .07  

88 .82  73.07 5 4 . 2 1  42 .35  39.02 24 .27  2 0 . 3  1 6 . 1 5  1 2 . 6 1  11 .73  
7 . 4 2  7 . 4 2  6 .49 1 . 6 3  1 . 6 3  1 . 6 3  1 . 6 3  1 . 6 3  1 . 6 3  1 . 6 3  
1 . 6 3  1 . 6 3  1 . 6 3  1 . 6 3  1 . 6 3  0 . 0  

3 6  
COMBINE STOMGE HYDROGRAPH FROM J5B WiTX RUNOFF FROM 64 a 5 6  
A=RBW 8 4 6  C=FLOW E=15MIN F=100Y6H-EX 

0  0  0.0 0 22 
2  

SCHEMATIC DIAGRAM OF STREAM NETWORK 

IVI ROUTING (... > I  DIVERSION OR PUMP FLOW 

( . I  CONNECTOR ( < - - - I  RETURN OF DIVERTED OR PUMPED FLOW 



(From: 
Pilot Study Area Modeled ~1100-Year 6-Hour Storm 

2004 Buckeye Sun Valley ADMS, and modified with proposed changes to the District methodology) 

Sheet 13 of 18 

. . . . . . . . . . . .  FSW 
v 
v 

F5BF68 

RIDG 
v 



Pilot Study Area Modeled ~1100-Year 6-Hour Storm 
(From: 2004 Buckeye Sun Valley ADMS, and modified with proposed changes to the District methodology) 

Sheet 14 of 18 

RIDH 
V 
v 

H3S-X4 



Pilot Study Area Modeled ~1100-Year 6-Hour Storm 
(From: 2004 Buckeye Sun Valley ADMS, and modiiied with proposed changes to the District methodology) 

Sheet15 of18 

I***)  RUNOFP ALSO COMPUTED AT THIS LOCATION 

RUNOFF S W R Y  
FLOW IN CUBIC FEET PER SECOND 

TIME IN HOURS, AREA IN SQUARE MILES 

TIME OF 
OPERATION 

MRY STAGE 

HYDROGRAPH AT 

ROUTED TO 
+ 

HYDROGRAPH AT 
+ 

2 COMBINED AT 

HYDROGRAPH AT 
+ 

ROUTED TO 
+ 

HYDROGRAPH AT 

2 COMBINED AT 

+ 

ROUTED TC 

STATION 

68 

E1-E2 

5 9  

E2 

RIDP 

F1S-F2 

27 

F2 

F2-F3 

PEAK TIME OF AVERllGB FLOW FOR MIO(IMUM PERIOD 

FLOW PEAK 

BASIN MRXIMV4 

AREA STAGE 
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2 COMBINED AT 
F3 330. 8.00 253. 82. 27. 1.24 

ROUTED TO 
F3-F4 326. 9.25 249. 02. 27. 1.24 

HYDROGRAPH AT 
41 264. 6.50 144 39. 13. 1.20 

2 COMBINED AT 
F4 379. 9.00 317. 112. 37. 2.44 

ROUTED TO 
F4-F5B 367. 9.50 314. 112 37. 2.44 

HYDROGRAPH AT 
528 233. 5.25 69. 17. 6. 0.50 

2 COMBINED AT 
F5B 352. 9.75 313. 123. 41. 2.94 

ROUTED TO 
P58F6B 351. 9.75 312. 122. 41. 2.94 

2 COMBINED AT 
F6B 356. 9.75 335. 134. 45. 3.51 

HYDROGRAPH AT 
52A 88. 6.25 45. 12. 4. 0.31 

ROUTED TO 
F5AF6A 88. 6.25 45. 12. 4. 0.31 

HYDROGRAPH AT 
6OA 1 1.75 56 14. 5. 0.41 

2 COMBINED AT 
F6A 210. 6.00 96. 25. 8. 0.72 

HYDROGRAPH AT 
RIDG 617. 6.25 202. 50. 17. 0.00 

ROUTED TO 
G3S-G4 371. 7.25 187. 50. 17. 0.00 

HYDROGRAPH AT 
28 107. 5.75 48. 12. 4. 0.33 

2 COMBINED AT 
G4 435. 7.25 227. 63. 21. 0.33 

ROUTED TO 
G4-G5 400. 8.75 219. 63. 21. 0.33 

HYDROGRAPH AT 
30 299. 6.50 140. 38. 13. 0.90 

2 COMBINED AT 
G5 453. 8.50 308. 97. 33. 1.32 

ROUTED TO 
G5-G6 450. 10.00 303. 97. 33. 1.32 

HYDROGRAPH AT 
42 151. 6.50 100. 27. 9. 0.78 

2 COMBINED AT 
66 416. 9.75 343. 117. 39. 2.10 

ROUTED TO 
G6-G7 410. 10.25 341. 117. 39. 2.10 
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HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED &'I 

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 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGMPH AT 
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2 COMBINED AT 
I5 243. 9.50 188. 67. 22. 2.17 

ROUTED TO 
15-16 220. 9.75 171. 67 22 2-17 

HYDROGRAPH AT 
63 228. 5.75 97. 25. 8. 0.50 

2 COMBINED AT 
16 2 5 0 .  5.71 206. 87. 29. 2.66 

HYDROGRAPH AT 
+ RIDS 237. 6.00 64. 16. 5. 0 0 0  

ROUTED TO 
+ 535-54 82. 7.25 51. 16. 5. 0.00 

HYDROGRAPH AT 
+ 33 216. 6.75 127. 35. 12 1.00 

2 COMBINED AT 
+ 54 292. 7.00 175. 51. 17. 1.00 

ROUTED TO 
+ 54-55 273. 8.00 170. 51. 17. 1.00 

HYDROGRAPH AT 
+ 45A 197. 7.00 123. 34. 11. 1.00 

2 COMBINED AT 
+ J5A 406. 8.00 258. 78. 26. 2.01 

ROUTED TO 
+ J5A-5B 393. 8.75 254. 78. 26. 2.01 

e + 

HYDROGRAPH AT 
45B 90. 5.25 30. 8. 3. 0.14 

2 COMBINED AT 
+ J5B 393. 8.75 257. 84. 28. 2.14 

ROUTED TO 
558-56 222. 10.75 204 84. 28. 2.14 

HYDROGRAPH AT 
64 152. 1.75 61. 16. 5. 0.41 

2 COMBINED AT 
+ 56 222. 10.75 207 95. 32. 2.16 

DSS---ZCLOSE Unit: 71, Pile: C:\temp\al.dss 
Pointer Utilization: 1.44 
Number of Records: 2108 
File Size: 11285.5 Kbytes 
Percent Inactive: 0.0 



Pilot Study Area Modeled ~1100-Year 24-Hour Storm 
(From: 2004 Buckeye Sun Valley ADMS, and modified with proposed changes to the District methodology) 

Sheet 1 of 18 
.......................................... 

* FLOOD HYDROGRAPH PACKAGE IHEC-11 . U.S. ARMY CORPS 
OF ENGINEERS 

JUN 1998 
ENGINEERING CENTER . 

VERSION 4.1 
STREET 

CALIFORNIA 95616 
RUN DATE 06JAN05 TIME 14:38:29 . 

756-1104 

HYDROLOGIC 

609 SECOND 

DAVIS, 

(9161 

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 XXXXXXX XXXXX XXX 

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 lWOWN AS HECl (JAN 731, HECIGS, HECIDB, AND 
HEClKW. 

THE DEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE C-GED FROM THOSE USED WITH THE 1973-STYLE 
INPUT STRUCTURE. 

THE DEFINITION OF AMSKK ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS IS THE FORTRAN77 
VERSION 

NEW OPTIONS: DRMBREAK OUTFLOW SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION. DSS:WRITE STAGE 
FREOUENCY ~ - .  

DSS:REBB TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT INFILTRATION 
KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM 

1 HEC-l INPIPIl 
PAGE 1 

LINE 

ID Buckeye/Sun valley ADMS - November 2004 
ID PBS&J - Modelers: ~ a c o b  ~esue & wen chen 
ID 100-yeax 21-hour 
ID Existina Conditions 
ID Area 1 - RID to BIC (West) 
ID Rainfall Loss Method - Green & Ampt 
ID Unit Hvdroora~h Method - FCDMC S-Graoh . - .  
ID channel ~outinq ~ethod - Normal ~epth 
ID  and use - FCDMC GIS Data: mag-landuse (20001 
ID soil ~ a t a  - USDA scs soil survey 11972 61 19811 
ID Units - L(mi1 Lcalrni) Slft/mil LAGirninl 



Pilot Study Area Modeled ~1100-Year 24-Hour Storm 
(From: 2004 Buckeye Sun Valley ADMS, and modified with proposed changes to the District methodology) 
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* 24-hour distribution 

28 PC 0.0 0.002 0.005 0.008 0.011 0.014 0.017 0.02 0.023 0.026 
29 PC 0.029 0.012 0.035 0.038 0.041 0.044 0.048 0.052 0.056 0.06 

* 24-hour distribution 
40 PC 0.0 0.002 0.005 0.008 0.011 0.014 0.017 0.02 0.023 0.026 
41 PC 0.029 0.032 0.035 0.038 0.041 0.044 0.048 0.052 0.056 0.06 
42 PC 0.064 0.068 0.072 0.076 0.08 0.085 0.09 0.095 0.1 0.105 

47 PC 0.913 0.918 0.922 0.926 0.93 0.934 0.938 0.942 0.946 0.95 
48 PC 0.953 0.956 0.959 0.962 0.965 0.968 0.971 0.974 0.977 0.98 
49 PC 0.983 0.986 0.989 0.992 0.995 0.998 1.0 

1 HEC-1 INPUT 
PAGE 2 

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

50 KK 68 
51 KM ****., **","..*."*~~.~.~~~~.~~~~*,~*~*~,*~*.~.*..*.*......~*..~**~*,~.****~ 
52 KM *, SUB-WATERSHED E . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
53 KJ,, ******  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
54 KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
55 KM kO.96 Lca=0.33 S45.58 Kn=0.050 LAG=22 
56 KM S-GRAPH TYPE=DESERT RANGELAND 
57 KO 0 0 0.0 1 22 

61 KK El-E2 CNAME El 
62 KM STOPAGE ROUTE FROM El TO E2 THROUGH SPRR TRESTLE 
63 KO 0 0 0.0 0 22 ~ - ~ ~ 

64 RS I ELEV 871.0 0.0 
65 SV 0.0 1.39 5.84 13.36 41.09 96.81 182.04 292.0 426.27 581.71 
66 SY 756.67 957.16 1179.1 1179.1 1179.1 1179.1 1179.1 1179.1 1179.1 1179.1 
67 SE 872.0 874.0 876.0 878.0 880.0 882 .0 884.0 886.0 888.0 890.0 
68 SE 892.0 894.0 896.0 896.0 896.0 896.0 896.0 896.0 896.0 896.0 
69 SQ 0.0 100.0 240.0 360.0 480.0 600.0 1020.0 2000.0 2760.0 2760.0 
70 SQ 2760.0 2760.0 2760.0 2760.0 2760.0 2760.0 2760.0 2760.0 2760.0 2760.0 
71 SE 873.07 874.07 875.07 876.07 877.07 878.07 879.07 880.01 881.07 881.07 

73 KK 59 
74 KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
75 KM L=0.50 Lcaz0.17 5149.34 Kn=0.200 LAG=53 
76 KM S-GIULPH TYPE=AGRICULTURE 
77 KO 0 0 0.0 1 22 
78 BA 0.2519 

82 KK E2 
83 KM COMBINE STORAGE HYDROGIULPH FROM El WITH RUNOFF FROM 59 D E2 
84 ZW A=RBW B=E2 C=FLOW E=15MIN F=100Y24H-EX 
85 KO 0 0 0.0 0 22 

87 KK RIDF 
88 KM *. " " * ~ ' * ~ - + ' * + * * * * * * * * * * * * * * * * ~ * * % * ~ ~ ~ ~ * ~ ~ ~ . . ~ + ~ ~ ~ e ~ ~ * ~ e ~ ~ ~ * ~ + ~ ~ ~ ~ ~ ~ ~  

89 KM w SUB-WATERSHED F * -****  ' * * ' - * " ~ * * * * ~ ~ * ~ ~ + ~ ~ + . ~ . - * * * % ~ * * . ~ ~ * . * ~ e + ~ ~ ~ * * .  

0" XM * * * * * * * * * f t * . t . * . * . * . . * . * ~ * . . * . ~ ~ ~ ~ ~ ~ ~ ~ ~ . ~ ~ ~ ~ ~ ~ ~ ~ ~ . ~ " ~ ~ ~ * ~ ~ ~ ~ ~ * ~ " ~ ~ . , ~ ~ * * . * * ~  
?"  ... . 
91 KM FALSE BASIN TO SIMULUTE INFLOW FROM RID 
92 BA 0.0001 
93 ZR =QI &=RID RID 8=8199 LILT STRVCT C=FLOW-WEIR D=02JAN1994 E=15MIN F=RIDlOO-24E 

1 HEC-1 INPUT 
PAGE 3 



LINE 
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LINE 

Pilot Study Area Modeled ~1100-Year 24-Hour Storm 
(Fmm: 2004 Buckeve Sun Vallev ADMS. and modified with vrovosed changes to the District methodaloev) . . - -. . 
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I D  . . . . . . .  l . . . .  2.......3.......4.......5.......6.......7.......8.......9...... 10 

KM ROUTE INFLOW FROM RID CONCENTRATED AT FlS TO F2 (CHANNEL A1 
KO 0 0 0.0 0 22 
RS 1 FLOW 0.0 0.0 
RC 0.1 0.1 0.1 3225.0 0.004 0.0 

KK 27 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L-0.82 Lca=0.41 S=14.59 Kn=0.200 LAG=115 
KM S-GRAPH TYPE=AGRICULTURE 
KO 0 0 0.0 1 22 
BA 0.2410 

KK F2 CNAME F2-F3 
KM COMBINE ROUTED HYDROGRAPH FROM FIS WITH RUNOFF FROM 27 B F2 
KO 0 0 0.0 0 22 
HC 2 

KK F2-F3 CNAME F2 
KM ROUTE HYDRPGRAPH FROM FZ TO F3 (CHANNEL A1 
KO 0 0 0.0 0 22 
R S  8 FLOW 0.0 0.0 
RC 0.1 0.1 0.1 5241.87 0.0057 0.0 

KK 2 3 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L=1.47 Lca=O.'13 S=22.92 Kn=0.200 LAG=163 
KM S-GRAPH TYPE=AGRICULTURE 
KO 0 0 0.0 1 22 
BA 0.9987 

KK F3 MAME F3-F4 
KM COMBINE ROUTED HYDROGFAPH FROM F2 WITH RUNOFF FROM 23 tZ F3 
KO 0 0 0.0 0 22 
HC 2 

HEC-1 INPUT 

KK F3-F4 CUAME F3 
KM ROUTE HYDRPGRAPH FROM P3 TO F4 (CHANNEL A1 
KO 0 0 0.0 0 22 
RS 7 FLOW 0.0 0.0 
RC 0.1 0.1 0.1 5501.87 0.0058 0.0 
RX 0.0 250.0 500.0 750.0 1000.0 1333.3 1666.6 2000.0 

KK 41 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L=1.54 Lca=0.77 S=23.99 Kn=0.200 LAG=168 
KM S-GRAPH TYPE=AGRICULTURE 
KO 0 0 0.0 1 22 
BA 1.2021 



(From 

1 
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LINE 

Pilot Study Area Modeled ~1100-Year 24-Hour Storm 
: 2004 Buckeye Sun Valley ADMS, and modified with proposed changes to the District methodology) 
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KK F4 CNAME F4-F5B 
KM COMBINE ROUTED HYDROGRAPH FROM P3 WITH RUNOFF FROM 41 a F4 
KO 0 0 0 0  0 22 
HC 2 

KK F4-F5B CNAME P4 
KM ROUTE HYDRPGMPH FROM F4 TO F5B (CHANNEL A1 
KO 0 0 0.0 0 22 
RS 4 FLOW 0.0 0.0 
RC 0.1 0.1 0.1 3704.65 0.0065 0.0 
RX 0.0 250.0 500.0 750.0 1000.0 1333.3 1666.6 2000.0 

KK 528 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L-0.71 Lca-0.32 8-32.56 Kn=0.200 LRG=85 
KM S-GRAPH TYPE=AGRImTmE 
KO 0 0 0.0 1 22 
BA 0.4953 

KK F5B CNAME F5B-P6B 
KM COMBINE ROUTED HYDROGRAPH FROM F4 WITH RUNOFF FROM 52B @ F5B 
KO 0 0 0.0 0 22 

KK F5EF6B CNME F56 
KM STORAGE ROUTE FROM F5B TO €68 THROUGH SPRR TRESTLE 
KO 0 0 0.0 0 22 
RS 1 ELEV 886.0 0.0 
SV 0.0 0.08 0.94 6.13 37.02 122.46 262.93 479.0 749.83 749.83 
SV 749.83 749.83 749.83 749.83 749.83 749.83 749.83 749.83 749.83 749.83 

KK 60B 
XM THE POLWWING PARAMETERS WERE PROVIDED FOR TXIS BASIN 
KM L=1.03 Lca=0.35 S=22.68 Kn=O.200 LAG=108 
KM S-GRAPH TYPE=AGRICULTURE 
KO 0 0 0.0 1 22 

F66 
COMBINE STORAGE HYDROGRAPH FROM F5B WITH RUNOFF FROM 60B @ F6B 
A=RBW 6=F6B C=FLOW E-15MIN F=lOOY2411-EX 

0 0 0.0 0 22 
2 

52A 
THE FOLLOWING P W E T E R S  WERE PROVIDED FOR TXIS BASIN 
L=0.92 Lca=0.57 S=6.91 Kn=0.200 LAG=156 
S-GRAPH TYPE=AGRICULTURE 

0 0 0.0 1 22 
0.3127 
0.497 0.25 3.966 0.439 0364 

F5AF6A CNAME F5A 
STORAGE ROUTE FROM F5A TO PGA THROUGH SPRR TRESTLE 

0 0 0.0 0 22 





Pilot Study Area Modeled ~1100-Year 24-Hour Storm 
(From: 2004 Buckeye Sun Valley ADMS, and modified with proposed changes to the District methodology) 
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290 KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
291 KM I,-1.55 ~ca-0.78 ~=21.93 ~n=0.200 LAG-172 
292 KM S-GRRPH TYPE=AGRICULTURE 
293 KO 0 0 0.0 1 22 

302 KK G5 CNAME G5-G6 
303 KM COMBINE ROUTED HYDROGRAPH FROM G4 WITH RUNOFF PROM 30 W 6 5  
304 KO 0 0 0.0 0 22 

G5-G6 CNAME G5 
ROUTE HYDRPGRAPH FROM G5 TO G6 (CHANNEL A) 

0 0 0.0 0 22 
8 FLOW 0.0 0.0 

0.1 0.1 0.1 5820.25 0.0055 0.0 
0.0 250.0 500.0 750.0 1000.0 1333.3 1666.6 2000.0 

42 
THE FOLLOWING PMLWETERS WERE PROVIDED FOR THIS BASIN 
L=1.56 Lea-0.78 S-22.73 KII=0.200 LAG-172 
S-GRAPH TYPE=AGRICULTURE 

0 0 0.0 1 22 
0.7784 

323 UI 9.47 9.47 9.47 2.87 2.09 2.09 2.09 2.09 2.09 2.09 
324 UI 2.09 2.09 2.09 2.09 2.09 2.09 2.09 2.09 2.09 2.09 
325 UI 2.09 2.09 0.0 

1 HEC-1 INPUT 
PAGE 8 

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

326 KK G6 CNAME G6-G7 
327 KM COMBINE ROUTED HYDROGRAPH FROM G5 WITH RUNOFF FROM 42 a G6 
328 KO 0 0 0.0 0 22 
329 HC 2 

330 KK G6-G7 CNAME G6 
331 KM ROUTE HYDRPGRAPH FROM G6 TO G7 (CHANNEL A) 
332 KO 0 0 0.0 0 22 
333 RS 4 FLOW 0.0 0.0 
334 RC 0.1 0.1 0.1 2613.05 0.0069 0.0 
335 RX 0.0 250.0 500.0 750.0 1000.0 1333.3 1666.6 2000.0 

337 KK 53 
338 KM THE POLLOWING PARAMETERS WERE PROVlDRl FOR THIS BASIN 
339 KM L=0.91 Lca=0.46 5~23.93 Kn=0.200 LAG=113 
340 KM S-GRAPH TYPE=AGRICULTURE 
341 KO 0 0 0.0 1 22 
342 BA 0.3385 

G7 CNAME G7-G8 
COMBINE ROUTED HYDROGRRPH FROM G6 WITH RUNOFF FROM 53 @ G7 

0 0 0.0 0 22 
2 

G7-G8 CNAME G7 
STORAGE ROUTE FROM G7 TO G8 THROUGH SPRR TRESTLE 

0 0 0.0 0 22 
1 ELEV 888.0 0.0 

0.0 0.6 4.25 26.94 108.66 257.97 449.6 449.6 449.6 449.6 
449.6 449.6 449.6 449.6 449.6 449.6 449.6 449.6 449.6 449.6 



Pilot Study Area Modeled ~1100-Year 24-Hour Storm 
(From: 2004 Buckeye Sun Valley ADMS, and modified with proposed changes to the District methodology) 
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KK 61 
KM THE FOLLOWING PARAMETERS WERE PROVIDED €OR THIS BASIN 
KM L=0.90 LCa=O.45 S=23.00 Kn=O.200 LAG=113 
KM S-GRAPH TYPE=AGRICULTURE 
KO 0 0 0.0 1 22 
BA 0.5081 

UI 2.07 2.07 2.07 2.07 0.0 
XEC-l INPUT 1 

PAGE 9 

LINE 

375 KK 08 
376 KM COMBINE STORAGE HYDROGRAPH FROM G7 WITH RUNOFF FROM 61 B G8 
377 ZW A=RBW B=G8 C=FLOW E=15MIN F=IOOY24H-EX 
378 KO 0 0 0.0 0 22 
379 HC 2 

RIDH ............................................................................. .. SUB-WATERSHED . "***,""**.****'*****~..~....~~*****"~.*~~."+*~~~~~ 
* * . * * * * * . , f . * * * * * f I * , * * f * t * * . l * . * * * * f ~ ' , ' * ~ ~ * * ~ + * ~ ~ ~ ~ * ~ ~ ~ ~ . . * ~ . * ~ ~ ~ ~ " " ~ * * ~ ~ ~ ~  

FALSE BASIN TO SIMULATE INFLOW FROM RID 
0.0001 
=QI A=RID RID B=19799 LAT SSTRUCT CsFLOW-WEIR D=O2JAN1994 E=15MIN P=RID100-24E 

HIS-H4 CNAME H3S 
ROUTE INFLOW FROM RID CONCENTRATED AT H3S TO H4 (CHRNNEL A) 

0 0 . "  0 22 ~ ~ 

1 FLOW 0.0 0.0 

31 
THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
L-1.93 Lca=0.97 S=26.40 Kn=0.200 LAG=196 
S-GRIIPH TYPE-AGRICULTURE 

0 0 0.0 1 22 
1.0788 
ENTELLUS CHANGED THE IA TO 1.0 INCHES 
ENTELLUS CHANGED THE DTHETA TO 0.19 
1.0 0.19 4.018 0.456 0.852 
0.0 20.3 20.3 26.01 42.62 75.47 110.82 116.22 130.81 156.48 

170.49 170.49 170.49 170.49 143.97 142.08 158.6 111.16 110.82 106.73 
79.11 71.61 59.1 60.85 49.19 37.72 32.79 29.13 25.07 23.42 
18.53 18.53 16.79 11.52 11.52 11.52 11.52 7.81 2.54 2.54 
2.54 2.54 2.54 2.54 2.54 2.54 2.54 2.54 2.54 2.54 
2.54 2.54 2.54 2.54 2.54 2.54 2.54 2.54 2.54 0.0 

KK H4 CNAME H4-H5 
KM COMBINE ROUTED HYDROGRAPH PROM H3S WITH RUNOFF FROM 31 B H4 
KO 0 0 0.0 0 22 

KK H4-H5 WAME H4 
KM ROUTE HYDRPGRAPH PROM H4 TO H5 (CKRNNEL 8 )  
KO 0 0 0.0 0 22 
RS 5 FLOW 0.0 0.0 
RC 0.1 0.02 0.1 5382.76 0.0059 0.0 
RX 0.0 1000.0 1006.0 1010.0 1050.0 1054.0 1060.0 2060.0 
RY 10.0 0.0 0.0 1.0 1.0 0.0 0.0 10.0 

XEC-1 INPUT 

LINE 



Pilot Study Area Modeled w/100-Year 24-Hour Storm 
2004 Buckeye Sun Valley ADMS, and modified with proposed changes to the District methodology) 

Sheet 8 of 18 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 

(From: 

KM L-1.92 Lca=O.96 5-20.85 Kn-0.200 LAG-204 
KM S-GRAPH TYPE=AGRICULTURE 
KO 0 0 0.0 1 22 

1.0022 
ENTELLUS CHANGED TXE IA TO 1.0 INCHES 
ENTELLUS CHANGED THE DTHETA TO 0.19 
1.0 0.19 3.958 0425 0.66 
0.0 18.12 18.12 20.99 38.04 57.93 94.1 108.05 107.28 138.7 

144.35 152.18 152.18 152.18 142.03 126.81 135.44 126.81 95.11 102.81 
87.2 69.17 61.58 52.32 54.94 42.82 3 . 3  29.26 26.57 22.38 
21.91 16.54 16.54 16.54 10.58 10.28 10.28 10.28 10.28 2.91 
2.26 2.26 2.26 2.26 2.26 2.26 2.26 2.26 2.26 2.26 
2.26 2.26 2.26 2.26 2.26 2.26 2.26 2.26 2.26 2.26 
2.26 0.0 

H5 C N M E  H5-H6 
COMBINE ROUTED HYDROGPAPH FROM H4 WITH RUNOFF FROM 43 a H5 

0 0 0.0 0 22 
2 

H5-H6 CNAME H5 
ROUTE HYDRPGRAPH FROM H5 TO H6 (CHANNEL 81 

0 0 0 0  0 22 
3 FLOW 0.0 0.0 

0.1 0.02 0.1 2887.92 0.0049 0.0 
0.0 1000.0 1006.0 1010.0 1050.0 1054.0 1060.0 2060.0 
10.0 0.0 0.0 1.0 1.0 0.0 0.0 10.0 

54 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM ~=1.20 Lca=o.60 S-12.35 K ~ = O . ~ O O  L A G = I ~ ~  
KM S-GRAPH TYPE=AGRICULTURE 

BA 0.3861 
KM ENTELLUS CHANGED THE IA TO 1.0 INCHES 
KM ENTELLUS CHANGED THE DTHETA TO 0.19 
LG 1.0 0.19 4.0 0.447 0.0 

KK H6 W E  H6-H7 
KM COMBINE ROUTED HYDROGRAPH FROM H5 WITH RUNOFF FROM 54 S H6 
KO 0 0 0.0 0 22 
HC 2 

HEC-l INPUT 1 
PAGE 11 

LINE 

KK H6-H7 CNAME H6 
KM STORAGE ROUTE FROM H6 TO H7 THROUGH SPRR TRESTLE 
KO 0 0 0.0 0 22 
RS 1 ELEV 890.0 0.0 

KK 62 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L=0.98 Lca=0.49 S=21.54 Kn=0.200 LAG=122 
KM S-GRAPH TYPE=AGRICULTURE 
XO 0 0 0.0 1 22 
BA 0.5717 - - 

KM ENTELLUS CHANGED THE IA TO 1.0 INCHES 
KM ENTELLUS CHANGED THE DTHETA TO 0.19 
LG 1.0 0.19 4.203 0.444 0.473 
UI 0.0 17.28 22.83 47.88 97.83 104.21 138.24 145.18 145.18 124.21 



Pilot Study Area Modeled ~1100-Year 24-Hour Storm 
(From: 2004 Buckeye Sun Valley ADMS, and modified with proposed changes to the District methodology) 
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490 KK H7 
491 KM COMBINE STORAGE HYDROGRRPH FROM X6 WITH RUNOFF FROM 62 O H7 
492 ZW A=RBW B=H7 C=FLOW E=15MIN F=100Y24H-EX 
493 KO 0 0 0.0 0 22 
494 HC 2 

RID1 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

" SUB-WATERSHED 1 ................................................... 
* *  f*,l*ft*l.*****fl..l.t**.****~*.~.*.**l****...**.~~~*~****.~*.~,**.*..**~ 
FALSE BASIN TO SIMULATE INFLOW FROM RID 
0.0001 
=QI &=RID RID B;24199 LAT STRUCT C=FLOW-WEIR D=02JAN1994 E=15MIN F=RID100-24E 

12s-I3 CNAME 125 
ROUTE INFLOW FROM RID CONCENTRATED AT I29 TO I3 (CHANNEL A1 

0 0 0.0 0 22 
1 FLOW 0.0 0.0 

0.1 0.1 0.1 8174.00 0.005 0.0 
0.0 250.0 500.0 750.0 1000.0 1333.3 1666.6 2000.0 
10.0 1.5 5.0 2.5 0.0 3.3 6.6 10.0 

XEC-1 INPUT 1 
PAGE 12 

LINE 

509 KK 32 
510 KM THE FOLLOWlNG PARAMETERS WERE PROVIDED FOR THIS BASIN 
511 KM L=1.84 Lca.0.92 S=24.34 Kn=0.200 LAG=192 
512 KM S-GRAPH TYPE=AGRICULTURE 
513 KO 0 0 0.0 1 22 

522 KK I3 CNiiME 13-14 
523 KM COMBINE ROUTED HYDROGRAPH FROM 12s WITH RUNOFF FROM 32 D I3 
524 KO 0 0 0.0 0 22 

526 KK 13-14 W M E  I3 
527 KM ROUTE HYDRPGRAPH FROM I3 TO I4 (CHANNEL 8 )  

XO 0 0 0.0 0 22 
RS 10 FLOW 0.0 0.0 
RC 0.1 0.02 0.110387.48 0.0042 0.0 
RX 0.0 1000.0 1006.0 1010.0 1050.0 1054.0 1060.0 2060.0 

KK 44 
KM THE FOLLOWING P W E T E R S  WERE PROVIDED FOR THIS BASIN 
KM b1.97 Lca-0.98 Sz22.43 Kn=0.200 LAG.205 
KM S-GRAPH TYPE=AGRICULTURE 
KO 0 0 0.0 1 22 
811 1.0069 

KK I4 W M E  14-15 
KM COMBINE ROUTED HYDROGRAPH FROM I3 WITH RUNOFF FROM 44 I4 
KO 0 0 0.0 0 22 
tic 2 

KK 14-15 W E  I4 
KM ROUTE HYDRPGRnPH FROM I4 TO I5 (CHANNEL A1 



Pilot Study Area Modeled ~1100-Year 24-Hour Storm 
(From: 2004 Buckeye Sun Valley ADMS, and modified with proposed changes to the District methodology) 
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1 H E C ~ l  INPUT a PAGE 13 

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

55 
THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
L=0.97 Lcaz0.48 S=12.83 Kn=0.200 LAG133 
S-GRAPH TYPE=AGRICULTURE 

0 0 0.0 1 22 
0.2627 

0.5 0.25 4.128 0.446 0.0 
0.0 7.29 8.39 17.86 34.8 41.96 53.11 61.2 61.2 59-84 
51.0 51.32 38.38 38.38 27.91 21.37 21.37 13.18 11.77 9.0 
7.84 6.65 5.51 4.14 4.14 3.58 0.91 0.91 0.91 0.91 
0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 
0.0 

I5 WAME 15-16 
COMBINE ROUTED HYDROGRAPH FROM 14 WITH RUNOFF FROM 55 Q 15 

0 0 0.0 0 22 
2 

574 KK 15-16 W A M E  I5 
575 KM STORAGE ROUTE FROM I5 TO 16 THROUGH SPRR TRESTLE 
576 KO 0 0 0.0 0 22 
577 RS 1 ELEV 892.0 0.0 

586 KK 63 
587 KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
588 KM L=0.95 Lca=O.47 S-20.27 Kn=O.200 LAG=120 
589 KM S-GRAPH TYPEIAGRICIILT~E 
590 KO 0 0 0.0 1 22 
591 BA 0.4994 

597 XK I6 
598 KM COMBINE STORAGE HYDROGEAPH FROM I5 WITH RUNOFF FROM 63 a I6 
599 ZW A=RBW BiI6 C=FLOW E=15MIN P=lOOY24H-EX 
600 KO 0 0 0.0 0 22 
601 HC 2 

1 HEC-1 INPUT 
PAGE 14 

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

602 KK RlDJ 
603 KM * " * " ~ l - f . f f * * * * * * * * * * * * t * * * * * . * ~ ~ * e ~ * + * * + * * + ~ + + * * ~ ~ * ~ * ~ * ~ . ~ ~ ~ ~ ~ + ~ * * * * ~ ~ ~ *  .. J 604 KM SUB-W~~~RSHED ~ + ~ ~ ~ ~ * ~ * * * ~ * ~ ~ * + * * ~ . . ~ + * ~ ~ ~ ~ ~ ~ * ~ * ~ ~ ~ ~ ~ * ~ + * ~ * + ~ ~ ~ . e  ............................................................................. 605 KM 
606 KM FALSE BASIN TO SIMULATE INFLOW PROM RID 
607 BA 0.0001 
608 ZR -QI AIRID RID 8=27599 LAT STRUCT C=FLOW-WEIR 0=02JIW1994 E=15MIN F=RIDlOO-24E 

609 KK J3S-J4 CNAME 535 
610 KM ROUTE INFLOW FROM RID CONCKNTEATED AT J3S TO 54 (CHRNNEL A1 
611 KO 0 0 0.0 0 22 
612 RS 1 FLOW 0.0 0.0 
613 RC 0.1 0.1 0,1805646 0.007 0.0 
614 RX 0.0 250.0 500.0 750.0 1000.0 1333.3 1666.6 2000.0 
615 RY 10.0 7.5 5.0 2.5 0.0 3.3 6.6 10.0 

"A" .... -- 
617 KM THE FOLLOWING PmAMHTERS WERE PROVIDED FOR THIS BASIN 
618 KM L=1.84 Lca~O.92 5.29.30 Kn=O.200 LM=185 
619 KM S-GRAPH TYPE=AGRICULTURE 



648 
649 
650 

1 
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LINE 

Pilot Study Area Modeled ~1100-Year 24-Hour Storm 
: 2004 Buckeye Sun Valley ADMS, and modified with proposed changes to the District methodology) 

Sheet 1 1  of 18 
BA 1.0024 

KK 54 CNWIE 54-55 
KM COMBINE ROUTED HYDROGRAPH FROM J3S WITH RUNOFF FROM 33 a 54 
KO 0 0 0 0  0 22 
HC 2 

KK J4-35 CNAME 54 
KM ROUTE HYDRPGRAPH FROM 54 TO J5 (CHANNEL A) 
KO 0 0 0.0 0 22 
RS 5 FLOW 0 0  0.0 

KK 45A 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L1.97 LCa-0.99 Sr25.14 Kn=0.200 LhG-201 
KM S-GRAPH TYPE=AGRICULTURE 
KO 0 0 0.0 1 22 

UI 152.55 154.54 154.54 154.54 139.08 128.78 137.41 120.73 96.59 
UI 76.17 10.24 57.78 51.92 58.19 35.12 32.2 29.72 24.14 
U I  19.64 16.8 16.8 14.01 10.44 10.44 10.44 10.44 6.53 

HEC-l INPUT 

KK J5A WAME 3511.58 
KM COMBINE ROUTED HYDROGRAPH FROM 54 WITH RUNOFF FROM 45A @ J5A 
KO 0 0 0.0 0 22 
HC 2 

KK J5A-58 CNAME J5A 
KM ROUTE HYDRPGRAPH FROM J5A TO J5B ICHANNEL A) 
KO 0 0 0.0 0 22 
RS 6 FLOW 0.0 0.0 

KK 458 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM Ld.52 ~ca-0.26 S=8.59 Kn=0.200  LAG=^^ 
KM S-GRAPH TYPE=AGRICULTURE 
KO 0 0 0.0 1 22 
BA 01397 

KK J5B CNWIE 558-36 
KM COMBINE ROUTED HYDROGRAPH FROM J5A WITH RUNOFF FROM 45B D J5B 
KO 0 0 0.0 0 22 

KK 358-J6 WAME J5B 
KM STORAGE ROUTE PROM J5B TO 56 THROUGH SPRR TRESTLE 
KO 0 0 0.0 0 22 
RS 1 ELEV 892.0 0.0 
SV 0.0 20.33 91.45 223.99 223.99 223.99 223.99 223.99 223.99 
SV 223.99 223.99 223.99 223.99 223.99 223.99 223.99 223.99 223.99 
SE 892.0 894.0 896.0 898.0 898.0 898.0 898.0 898.0 898.0 
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1 

INPWI 
LINE 

NO. 

50 

Pilot Study Area Modeled ~1100-Year 24-Hour Storm 
(From: 2004 Buckeye Sun Valley ADMS, and modified with proposed changes to the District methodology) 

Sheet 12 of 18 
689 SE 892.0 893.68 895.08 895.48 895.68 895.88 896.08 896.08 896.08 896.08 
690 SE 896.08 896.08 896.08 896.08 896.08 896.08 896.08 896.08 896.08 896.08 

691 KK 64 
692 KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
693 KM L-0.89 Lea-0.45 S~17.94 Kn=O.ZOO LAG=117 
694 KM S-GRILPH TYPE=AGRICULTlJRE 
695 KO 0 0 0.0 1 22 
696 BA 0.4148 

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

702 KK 56 
703 KM COMBINE STORAGE HYDROGRAPH PXOM J5B WITH RUNOFF FROM 64 @ J6 
704 ZW A=RBW B=J6 C=FLOW E=15MIN F=lOOY24H-EX 
705 KO 0 0 0.0 0 22 
706 HC 2 
707 ZZ 

SCHEMATIC D1AGFS.M OF STREAM NETWORK 

IVl ROUTING I... .I DIVERSION OR PUMP FLOW 

I. 1 CONNECTOR I<---) RETURN OF DIVERTED OR PUMPED FLOW 

68 
V 

RIDF 
v 
v 

F1S-F2 



Pilot Study Area Modeled ~1100-Year 24-Hour Storm 
(From: 2004 i3uckeye Sun Valley ADMS, and moditied with proposed changes to the District methodology) 
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F5B . . . . . . . . . . . .  

v 
v 

F5BF68 

RIDG 
v 
V 

G3S-G4 

RIDH 
v 
v 

H3S-H4 



Pilot Study Area Modeled ~1100-Year 24-Hour Storm 
(From: 2004 Buckeye Sun Valley ADMS, and modified with proposed changes to the District methodology) 
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Pilot Study Area Modeled ~1100-Year 24-Hour Storm 
(From: 2004 Duckcye Sun Valley ADMS, and modified with proposed changes to the District methodology) 
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64 
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Pilot Study Area Modeled ~1100-Year 24-Hour Storm 
(From: 2004 Buckeye Sun Valley ADMS, and modified with proposed changes to the District methodology) 
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F4-F5B 327. 16.25 277. 114. 38. 2.44 

HYDROGRAPH AT 
52B 171. 13.25 51 13. 4. 0.50 

2 COMBINED AT 
FSB 335. 16.00 280. 126. 42. 2.94 

ROUTED TO 
F5BF6E 336. 16.00 280 126. 42 2.94 

HYDROGRAPH AT 
GOB 160. 13.50 60. 16. 5. 0.57 

2 COMBINED AT 
F6B 358. 16.00 311. 141. 47. 3.51 

HYDROGRAPH AT 
52A 65. 14.25 34. 9. 3. 0.31 

ROUTED TO 
P5AF6A 66. 14.25 34. 9. 3. 0.31 

HYDROGRAPH AT 
6OA 104. 13.75 42. 11. 4. 0.41 

2 COMBINED AT 
F6A 160. 14.00 7 5 .  19 6. 0.72 

HYDROGRAPH AT 
RIDG 367. 15.50 159. 40. 13. 0.00 

ROUTED TO 
G3S-G4 219. 16.75 144. 40. 13. 0.00 

2 COMBINED AT 
G4 253. 16.50 162. 49. 16. 0.33 

ROUTED TO 
04-05 217. 18.25 158. 49. 16. 0.33 

HYDROGRAPH AT 
30 200. 14.50 115. 33. 11. 0.98 

2 COMBINED AT 
GS zai. 18.25 216. 81. 27. 1.32 

ROUTED TO 
G5-G6 268. 19.50 213. 81. 27. 1.32 

HYDROGRAPH AT 
42 142. 14.50 79. 21. 7. 0.78 

2 COMBINED AT 
G6 295. 15.50 249. 102. 34. 2.10 

ROUTED TO 
G6-G7 281. 16.25 248 102. 34. 2.10 

HYDROGRAPH AT 
53 95. 13.71 37. 9. 3. 0.34 

2 COMBINED AT 
G7 295. 16.00 253 111. 37. 2.43 

ROUTED TO 
G7-G8 294. 16.00 253 111. 37. 2.43 

HYDROGRAPH AT 
61 4 13.75 57 15. 5. 0.51 

2 COMBINED AT 
G8 317. 16.00 272 125. 42. 2.94 

HYDROGRAPH AT 
RIDE 388. 14.50 164 41. 14. 0.00 

ROUTED TO 



Pilot Study Area Modeled w/100-Year 24-Hour Storm 
(From: 2004 Buckeye Sun Valley ADMS, and modified with proposed changes to the District methodology) 
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H3S-H4 160. 16.50 118 41. 14. 0.00 

HYDROGRAPH AT 
31 153. 15.00 94 26. 9. 1.08 

2 COMBINED AT 
H4 293. 16.00 197 67. 23. 1.08 

ROUTED TO 
H4-H5 271. 16.75 191 66. 23. 1.08 

HYDROGRAPH AT 
43 140. 15.00 89. 25. 8. 1.00 

2 COMBINED AT 
H5 373. 16.25 258. 91 31. 2.08 

ROUTED TO 
H5-H6 364. 16.75 256. 91. 31. 2.08 

HYDROGRAPH AT 
54 69. 14.25 36. 9. 3. 0.39 

2 COMBINED AT 
H6 385. 16.75 276 99. 34. 2.47 

ROUTED TO 
H6-H7 382. 16.75 275. 99. 34. 2.47 

HYDROGRAPH AT 
62 130. 11.75 54 14. 5. 0.57 

2 COMBINED AT 
H7 398. 16.50 306. 113. 38. 3.04 

ROUTED TO 
12s-I3 60. 14.25 7. 2. 1. 0.00 

HYDROGRAPH AT 
32 141. 14.75 86. 24. 8. 0.90 

2 COMBINED AT 
13 192. 14.25 93 26. 9. 0.90 

ROUTED TO 
33-14 130. 17.00 83. 26. 9. 0.90 

HYDROGRAPH AT 
44 162. 15.00 104. 31. 10. 1.01 

2 COMBINED AT 
I4 223. 17.00 157. 56. 19. 1.90 

ROUTED TO 
14-15 206. 17.75 155. 56. 19. 1.90 

HYDROGRAPH AT 
55 63. 13.75 28. 7. 2. 0.26 

2 COMBINED AT 
15 210. 17.50 169. 63. 21. 2.17 

ROUTED TO 
15-16 180. 18.50 154. 63. 21. 2.17 

HYDROGRAPH AT 
63 170. 13.75 76. 23. 8. 0.50 

2 COMBINED AT 
16 227. 14.00 191. 84. 28. 2.66 

HYDROGRAPH AT 
RIDJ 209. 14.00 44. 11. 4. 0.00 

ROUTED TO 
J3S-J4 61. 15.25 35. 11. 4. 0.00 

HYDROGRAPH AT 



Pilot Study Area Modeled ~1100-Year 24-Hour Storm 
(From: 2004 Huckcye Sun Valley ADMS, and modified with proposed changes to the District methodology) 
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33 174. 14.75 1 0 2 .  28. 9 .  1.00 

2 COMBINED AT 
54 233. 14.75 136 39. 13. 1.00 

ROUTED TO 
+ 54-55 217. 16.00 131. 39. 13. 1.00 

HYDROGRAPH AT 
45A 159. 15.00 99. 28. 9. 1.00 

2 COMBINED AT 
3511 353. 16.00 220. 67. 22. 2.01 

ROUTED TO 
+ J5A-58 340. 16.75 217. 66. 22. 2.01 

HYDROGRAPH AT 
+ 458 67. 13.25 24. 7. 2. 0.14 

2 COMBINED AT 
+ J5B 344. 16.75 223. 73. 25. 2.14 

ROUTED TO 
+ 558-56 203. 18.75 189. 73. 25. 2.14 

HYDROGRAPH AT 
+ 64 113. 13.75 46. 12. 4. 0.41 

2 COMBINED AT 
56 204. 18.75 193. 84. 28. 2.56 

"a NORMAL END OF XEC-1 * * *  
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